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NATTHAWAT CHUPRASOET : UTILIZATION OF AUTOMOTIVE INDUSTRIAL
WASTE AS A PRECURSOR FOR SYNTHESIS OF PEROVSKITE STRUCTURE.
THESIS ADVISOR: ASST. PROF. DR. SIRIWAN CHOKKHA, 120 PP.
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Automobiles production has expanded in response to demand since cars are a
vital part of human life, resulting there is more waste generated yearly. The usage of
landfills for industrial waste management results in expensive waste disposal and
creates pollution that will have long-term effects on people, animals, and the
environment. The subject's purpose in this study is to find sustainable solutions to
difficulties. Utilizing iron waste left from the manufacturing of automotive parts to
transform it into a pure phase of iron compound before being used as a starting
material for synthesis of LaNi; Fe,0s.s (x = 0, 0.4 and 1) perovskite structure. A magnet
is used to remove the primary contaminants from the automotive industrial waste after
it had been cleaned with water. A new chemical compound with a single phase of
Fe,Os is developed when the cleansed automobile industrial waste reacts with nitric
acid. Additionally, it reveals that these particles have an average size of 7.21 nm. In
order to synthesize LaNi;_.FeOs.5 (x = 0, 0.4, and 1) perovskite-based materials, iron
oxide is employed as a precursor in solid state reactions method. LaNiO; (x = 0)
calcined at 800-1200°C is show a mixed phase consisting of LaNiOs and NiO with the
amount of 99.79% and 0.21%, respectively. Similar to LaNig¢Feq 03,5 (x = 0.4), it also
shows a mixed phase consisting of LaNigsFep4O0s, LaNigosFeq7s05 and LaNiOs with the
amount of 53.13%, 29.41% and 17.46%, respectively. However, 100% of single phase
is presented in LaFeOs; (x = 1) perovskite structure after calcined at 1200°C. 4-point
probe and 4-point measurement are used to measuring an electrical conductivity.
From its result, LaNiO3; and LaNigsFeq 40346 is presented the maximum conductivity with
the value of 362 S/cm at 150°C and 42 S/cm at 525°C, respectively, whereas LaFeOs
does not conduct in electricity. However, the thermal expansion coefficient of all
specimens testing between ambient temperature to 1000°C is similar to electrolyte
materials available used now. The thermal expansion coefficient of LaNij«FeOs.s with
x = 0,04 and 1 in the temperature range 30-1000°C is 13.20x10°, 12.19x10°® and
10.58x10° 1/°C, respectively. Consequently, recycling of Fe-iron waste used as a

precursor for synthesis of perovskite structures leads to reduced disposal costs,



sustainable environmental management of pollution and adding value to an
automotive industrial waste.

School of Ceramic Engineering Student’s Signature &ﬂzﬁﬁ%@jﬁ

Academic Year 2022 Advisor’s Signature _Siriwon Choldkcha




ANANSsNUsENA

eniinusatull duSegarsiaed Wesanldsunsthismadennraieiiveg19Rsa
NINAUIYINITUAEN 1N TANTUUITY HLTeuvevoUNTEAMN dNTEAMNAYIIY
Aasiolull

[ Y <

AeSy UsHIEST wazAmAsUNY QUIBEST dilulnn wisen Tlinsgua ausiides

aneugu Winasla Aesatuayy waviUalonmaniansfinuuilaenaeon
HYIerans19158 A9.A335500 lyAn 219158UsEnanu Igianssueiin inTinendy
weluladgsund 0191587 USnwanendnus Alilenansmsdnulusedutadiadnu 19
finw Tiduurihuasisudlatigm wdouidsimdslaundidoalaonaen fausiduduay
difaeuon suvsheanamumenAdeTldhiuelurussgAvmsueyinednus
yeisueenazuenoInsEiUs nuineinus 1 “ernsdidAeenansdialginunniigaiasiin
1§ 919158 0udendnenansd Wunileulaniidigainuniianas awnsaanldnnizosns
youn i onIsm UL s fnee §ﬂﬁ3aﬂaaaﬂ’uauu wEndU Lagtieudlutgvniliie
Mnalgrenaansd Wwihinnaruugedu enansdfeauialsAnuasidoniiazAnudeuzaay
fuomsdlifingie Ay aavhedl digazuendt omsdRenuiinlsneldiaimernelunay
meuen osdliifonudsusesiisles evansdduuuuiiiianudiniy esdasnenudia
wazmnefuennsdlulidh afgdouuuiu uerensdfldfeunsdmanuduiiirenansdlid
aglUauetluuaiasy SN dlauansUNN” N19KITLVBNTIUVBUNTLANAILAIUATTN
otegaly o Tematl
AYIEAIERS1A158 AT.0lgNa lasiTennug HiemanI1a1sd as.eus 93U wax
509M18n519156 05.35901 18953 A nduenignssinisiansannisasulasesng
Inerdinusuagnsaouinerinusuerise ndourialidiuugi uaznsaaudladeunndos
Inegndnudiani fifevenmureunsrandsauemanegisgdld a lenadl
HYIemMAnT19138 A3.30u UTavsna ensduseiannivimnssalanns dvinendey
welulafgsus waruiTh WuensT uuied Wsumalne) $1in Admnuarliimgauiiduveads
PngEEmNTIIN AT udIuLEu Wenviduasieilunsinenideluadd
YBUBUAM FOIANEANTIANTE A5.ATE Lyenns 913158UsEINNAIYIAINTTULES)
ao1dumalulagnszasuindiqunnisaianszds wazanna1sgnnviuyseInalvI i

ya o

AEINTINETEN WnInendemaluladasun’ AlianuiiazanumaniudiTeunlaenaen

Y

Va o

FIWNIAge1158 RN YL Nideusudaeunaslvinuiuigide



AaufuiinT dhainegades ldussanuanuuazasslianutismvdosusuenans
5199 nABATEEEIIANT AN TIuFsANAIATIN B19UTEAY ezl ansiy Ussiady
Wil usgdieslfURnisaudialeadle F6/1 avivdmnssuesiin unine de
welulafigsu Alviaruriemie suusihuasdissiuemiuagmndusgned fansinu
Fangunsal viesitlivihandde uaziieslede

Aaatsy wdowsuiny quviing Aales Aunsian wny gy AunNaITI
nguszasy Aanstug n3nan3iu Ausyyins Suia Aalnsyd 3n99f AaRuWsun
Eggaiu amusudnd Aniuan auuiv ewnln uasfiousmSsudadindnwmaviiu Al
MUS N azANTIBE B lUATUANY Llnenaen

Atin1Iad Ay Audnsngual Wizadne AuATIA $AUINAT AMNUNITIAN A1
Aouamdnwal Asonavn Aftarimi JadRssigniiad Bulssnady udesauniimng
wiin uAngrdemaluladasuni Areeduiddlalunisinnuidouasromdeauyinl
auAfeddSagandluldsen

AMNIUAT dallen AnYNY UsEES T ANUISoU JUIHLAT AMANAIs Imsla
AuFan QUsHasy Tlvmegua susuidesy Wisada wasnann qUsneay firestomie
Stsmoeiduinddlalumsvhauiss

vevauan uningidomealuladasuni MlalonanisnsAnvuaglinstiemae

MeuAIBdilonargUnsalinenmans

' ' Y
% aaa =< a

warivenfinusidut daduresniyiiifaanidurestmiddueuliuddadmdies
yndwmneguiinad Wlinednusidud venandidendostsiuuds yanadiarsauvienis
Younnanniigeife fuesimidies Mwieeguassa Javn vieiddla devie uazudiaoyanad
slsumeusiomsviheuannidieda Fmdsaediessonnldrudousiineiinusiduidng
aandluldsed snntunils Smidluowan I8inarinannme ualdndumnenaneinusatuil
MveNa AR I TUEIARIN “UWNABPLANNINNIGY L4759 agdaviaraguassn Yoy
F199) 1199INNSYL ALsEURAT ey Awnndeslunisvhon veliunedi e Bulsiiy
yndsiidiun wagdnedidauauiian sesisdmaininerdnusiaud uduuandy
ussrdnulunidaudaiusnnd sty veasesweuut alyfustuefmsrenduiddlaliuazaznes
Wumwddbiuniaseus &7

dnsunnnunnuitaranystlovisulafifnnninerdnudiaud somdunaman

NAVIUAlANa1INTeRY SnsEnYIsmdenaglvimadantdlassunaugideannsadniiu

a v o 1 Y YAy Yt aaa a g 1 A = 1 $2 &
mu’mmuamaqmﬂm Q'J%gaﬂﬂmaumﬂuamam %QGUQSUE]UQQJE]EJ'N%N%JWI'J o Tonnadl



GUEIVY

i

UNARED (DT oo n

UNARED (DVYVDING) 1o A

AN TTUUTEN Voot 3

BIVTUD vt Y

ANTURYANT N oo Y

BITUDYTU oo 9
unil

y BT\ D - S Y 1

11 AUEAUMASTIIVOITN oo 1

1.2 I0QUTZAIAYBINITANE Y. oot i 2

1.3 UBULURYDINIIANEY oo 3

1.4 USETOBITANATIREFU oot sers e 3

2 USRI TN TIUUATIUITETRIITOL oo 4

21 TOIUARAZRRAIMNTIUENUEUR. oot 4

22 Ysunauweade vianinas wagdslumIdinnsueddsanngmavinssieueud ... 5

23 URNIOTOPEL Y rvrrin o e s T YT O T cccrrrorcencccnnminessssesecen 6

231 U8 ANsenINlaNE T ULAADBNTAU oo 6

232 U NATSEITAVEAUN oo e 6

233 URASHNANTENINIAMERUNTO oo 7

234 URATEMATTEHINTAMZAUAI oo 8

F AT (L I R 9

201 YAAVOUTAETOMNGD oo 11

282 FIUUTENOUTBUIARTOMEAL . oo 12

25 TaoualaARTlATE UMW TONALNG 13

2.5.1 ansuseneutauntiuuusniiasenles (Lanthanum Manganese
OXIdE; LAMNOE) e 14



#1508y (D)

%
252  asusznausaundulaseusanlam (Lanthanum Iron Oxide;
LAFEOS) e 15
253  asuszneuskauntuinifasenles (Lanthanum Nickel Oxide;
LANTOS). . e et 15
2.6 SIS ITOD e e 15
261  smAfeRRndeddumsmidavesdognamnssueueus.. ... 15

a

262  nddenngdeniuiagualvedmiued womdeanlenvauds.... 18

3 AINITAMTUNTITVVY covveereerreeeseresesse s ssesssssssssssssesssssssssssssssssssssssssssssssssssssssssens 35
3.1 9UNTaluasan SATIEIUATNAROL oo 35
3.2 AT NIV oo eeeeeeteeeeeeee e eesese e eeveseeeeree e eeeee e 37

32 B U 1R LT AR L1012 210 OO 37
322 msnaaeugamiiiwnzaslunsuaalounaiioss. ... 42
323 NIATIRNABUINNIAVINIAIDENNAIUNITUAALYY e 43
324  n13nsRaEeuUiinavesinnia lnamadanisldenuis TOPAS .43
325 miéﬁugﬂ%umu .................................................................................... a4
326 DITMHIHTN covee oo ees e seseeseee e seeeeen a5
327 19A519aeuUAMSIWNIN VO U N e a5
328 msnredeUmdLUsEAVENSUeNef NI ouYeT Y. ...... 47
4 UANTITIVYUAZDAUTVINA coereeeeeeceereeeee s esssssssss s s sssssssssssss s s sssssssssssens 48

4.1 msdsuddsugaseivesvianilurenderingnaimnssuninfudiu

411  nsAnwUinaseiduansussneulurendeiunaingmainnssy
HARTUAINEUEUG TaaLATR AT IE U MYeEIsUTENeY .. 48
4.1.2  MIIATININIATeIETUSENOUYEIURIAENINI NG AAMNTTY

NARTUAILETUSUA 1ALATIANISIREINUUYDISIFDND oo 49

v
a ]

4.13  msanyisenniivesrendeninangnamnssunandudiu
EULUANUENTAZANINTAUAZANUTUTU oo 51



#1508y (D)

i
4.1.4  NINTIVABUIUIALATNITNTLAUMIVBIBUNIAVRIATUTENDY
FEIOI ettt 58
4.1.5  1AT9E199801AVDIENTUTENOU FEI05 e 58
12  msdaengiianitlassairanesendlnd anveademaniiiuasuiu
FURBUGATUATUED oo 59
421 mamseasvgamgiiivsnzaslumsuaaleniiegisdmiu
AVTUTENDU LANIO 5o 59
422  NI9TIREBUINAIATDIENTANATIEN LaNisFe,Onisemnnnmmnnnnne 61
423 N139529@UUSHIUIIYN AL NIIT TOPAS .oooooo 67
424  walwszianshingh Inee3esIauuidy 4 90 67
4.25  Aaanstlidia 1neds d-point measurement .......ooooveeeceeeeveeeeenn, 68
126  YamdnsyAvdnisuensiimeeuiewsie Dilatometer ... 70
5 ATURAZUBUEUBIUL oo seeeessessssssssssessssssssssssssssssssssssessssssssssssssssssssssssnns 73
51  ajunaPigeat QNN LAY . QN cereriiiiisisness 73
5.2 UBMAUBUY - cvvvrereesvcersss s sses e i s 74
TUIMTTONBE  ovvvvrrrrereesesssssseeses s s e s 72
AANUIN
AVARUIN N heiresereeereeeooseeeessensseesee s sossessssbes st et oesesss s 81
N IN VT TR £ F 1 118 T2 110 1 e Lt SO 97

Useianideu



=
AN

2.1
2.2
23
2.4

3.1
3.2
33

3.4

4.1
4.2
4.3
4.4
4.5
4.6

a7
4.8

A15URYA519

i
AN YA ZVONYAR LY DNAIURALYTA oo 11
WisuisuUTinunsiuas Sr iduanern s iAo 14
1ATIASNNANUAZ TEUEUNTENTNBEMOUYDY LaNiiFeOs (x = 0.0-1.0) e 18
Amshliifihves LaNio.6Fe0.403 Altlnadu / lunsn Tudadau: 0.5, 1.0
BERIE LD e 34
TouavouATedloRFAMTUNITNARD e 35
Toav09UNTAIMFEMFUMIINARB 1 e 36
Yoyavosensaiiilidmiunsuiunasugaseiiveaundniiiuvesds
QAN TTUNBATUATUITUIUS e 36
uansdeyavesansiadifilidmiumsdaunneiansuszneulag
35 SOl StAtE FEACHION wovvvveviveeeeeeeeeeesseseeeeeeee oo 37
DIRUSENOUATIIO D NTEA NG AAVINT TUNAATUA P TUEUS . 49
thutinvesdefiinangnaninssundntudiueueusd waznsalelnseaesn. ... .. ... 52
thwiinvedefiunangnannssunartud e O LaEnTALUREN oo 54
hwinuesdeiinanenamnssusAstudueueus wadludeslensenles.............. 56
FpmevetansUszneuivinUfAzenseninamaniuansiunsauasang ... 58
HANSIATIEIUTINRINAYeLENs LNO, LNFO Wag LFO
VAIATIRADUTL NP cevvvrreeeremeeeeesesee e esseessssssee s sssses s ssssess e 67

HANFIATIERNTIRAINTUNNANYesEns LNO, LNFO wag LFO Nigaumigilvios .68

Y

AnduUsEAnSNsvenesmseuSeuvesnile dmsulandidninslad
TSR ONAITAUDIT ettt 72



CaN
(il
=b.

2.1

2.2

23

2.4

2.5

2.6

2.7

2.8

2.9
2.10

2.11

212

2.13

2.14
2.15

%4
d13uey3y
vy
¥

i
MAINITHANTOSUAVDIUAUTENATUY 2562 e 5
WANNTNUYDUYASRTBINET oo 10
drulsznaunanuazn1sinsesesrusznouvesianluwadiomasiinoanlyn
UDITIMUUIEI oot 12
N139RL3890NBUVDILATIATIUUUNOTENALNG oo 13

grungivesisiulslvirudouniiameuuuliudaiis (2,50 Mnmsmdnndansin
LUUBUWTHS (2.50) niAwmdnvdamsdauuuusimnmingu uag (2.50) 1nindn
FUANTNITLORT e 17
Armainlinvesansusznouiidlassasanesenalnsaes LaNi,Fe,0s (x = 0.0-1.0)
(2.6n) miﬁwiw%ﬁqquﬁ 800 deFLwaLTYA 189 LaNiiFeOs (x = 0.0-1.0)

(2.69) miﬂﬂw%ﬁqmmﬁ 300-1000 paFwaLed ¥a9 LaNipFeOs (x = 0.36, 0.38,

0.40, 0.42 az@dd). BB 8 NVE Bf W ... 19
FuUsEANENNIUEEFININANEOU (O soo LAY Ortooo) V09TAR LaNi,Fe,Os
Ax=00-10 VM@ e e Y e 20
mﬁmwﬁqmmﬁﬁlﬁmﬂﬁﬁ%awm LaNi;CoOss (x = 0.4, 0.6 waz 0.8) fg
RTINS b | . | o | o | SO . U 21
AN N AN89 LaNi; o056 (X = 0.4, 0.6 WAL 0.8) .. oooovvvveeeeeeoeeeeeeeoceeee 22
1A5985199801AY09 LaNi;,Co,055 (2.100) x = 0.4, (2.10%) x = 0.6 uae

(2.108) X = 0.8 oo 23

nsmsI9EpuIAAYeINs LSNF Weauaalsiigamgdl 900 ssrwaidoa

IR 2 BT e 24
s linves LSNF (n) aanungusa 3 wWesidus uay (1) anungudn

BA LUDTUIUR oo 25
n3nsIREeUInnIAvRINa LaNi FeOs (x = 0.0-1.0) Mwuralwtl figamail

750 DIFIMIRUTEE . 26
MseTgRinaavesasUsEneu Lanios Mduaneilasislalasesuoa. ... 27
Taseas1sganiavesansUsenay LaNiO; A&suene 40000 Wi 27



CaN
c
=b.

2.16

2.17

2.18
2.19

2.20

3.1
3.2
33

34
35
3.6
3.7
3.8
39
3.10
3.11
3.12
3.13
3.14

3.15
4.1

d15Uty3U (sid)

i
NTBATIEIINNIAVBIEITUTENBY LaNigsFep 05 InBN1TALATIEALUY
GC A® glycine-nitrate, GC fia gel-citrate Way CP Aia coprecipitation................. 29
Amslifihvesasusznou LaNigFeo0s ndamunaluiigumad
1000-1400 arnwaia laefl GN fia Glycine-nitrate, GC Ao Gel—citrate
WAZ CP AD COPrECIDIALION ....oooveeeeeeeeeeeeee oo 30
N15ANY1INNIABY LFCN, LNCF w2 LCFN AENATA XRD....oovvvveeveeeeveveereereeneeee 32
NITVAFDUNITVEIIAININAIUTOUTVOA1TUTENOU LFCN, LNCF tag LCFN
TIQAUNYTT 25-900 BIANTATE ... 32
At lnivesensusenau LFCN, LNCF wag LCFN ﬁqmmﬁ 300-800
DIPMTOTYR ..o eee e 33
\A3e9 X-ray fluorescence e PANalytical iq'u AXIOS e 37
A3 X-ray diffractometer S0 Bruker U D2 PhaSEr eeueeerrrrrerereeeeeeeennnsennnns 38
Lqumw%umauu,ax%%‘msmaaqﬁm%’umsﬂ%’uLﬂﬁauqmmﬁmawauﬁa
ﬁuﬂmﬂqmammimamsﬁudwmuauﬁ ........................................................................ 38
\A384 Particle size distribution 8% Horiba §u LA-950V2. ..o 39
Scanning Electron Microscope §va Nikon iq'u Neoscope JCM-5000 .................. 40
WU UmEUd MU SHERIMANTIUs AN Aoy fusnsindiussinvnsa-aing .40
NTUAKANLAZFILATIZNENTAETS Solid state reaction v 41
SumeuuazAS mavinaes dmsunsdaneasussneulass solid state reaction.....42
Simultaneous Thermal Analysis §%a TGA/DSC1 iu Mettler Toledo.......... 43
1514 TOPAS Software Lo Eis1AkALaTUTENOUIBIUTI oo 44
P30 Dry Press B0 CY $U CY-25T oo a4
WA B0 Nabertherm U GMBH ..o 45
wasTansliinvesdunudeduin 4 90 850 OSsila .. a6
nssiasasiiiiuarndnnisvesnsiarnslniwestuay
TAUNATIA 4-POINt MEASUIEMENT ... 47
\A384 Dilatometer %o Netzsch TU B02 oo 47

HANITIATILIAIE XRD Y0UBUFNINIINGAAMNTTUNEATUA WL UL UA

VDA NI oo e oo 50



CaN
[l
<.

4.2

4.3

4.4

4.5

4.6

a7

4.8

4.9
4.10

4.11
4.12
4.16
a.17

d15Uty3U (sid)

v
i)
HANITIATIZIAIE XRD VDUBUFETINNAINAAMNTTUNGATUAINEUEUA
wé’aé’mﬁm,az@mé’ammmﬁﬂ .......................................................................................... 51
HAN1TIATIZAINNIAIEIATiA XRD vadasUsznauilaainnisyiuizen
1 <@ [y} a

T N L A AR T2Y Lt kL2 A 12 O 53

a Yy P a av v ° aaa
HAN1TIATIZAINNIABWATiA XRD vasa1susenauiiliainnsvinufisen
T RIRY TN T DT 1 U 55

a Yy P A av v ° aaa
HAN1TIATIZHINNIAIEWATA XRD vaasUsznaunliainn1sinufisen
SEMINIABN UL LIATON IR oo 57
HANTIAT ISV ILAENTNTEALTIVOIBUNIAYEI Fe,05 MIENATA PSD..ovrrere 58
1A59a$1990M1AY8%ENT Fe,05 MAIHUNIHNUGATEUAL .o 59
HAMTIATEgUMAIAAULATE1eES LaNiO; danszsinig
D SOUA SEALE TEACTON 1o oo oo e oo oo oo eeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeee 60

NAMTAAT A IAPYEENS LaNiOs Tsnuaalenifigamgdl 800-1200 esriwaifea.. 62
HANITIATIZAINNIATB9ENS LaNigsFegaOs ﬁm%mai%ﬂﬁqmmﬁ 800-1200
NGALRCEG”, 79 WU § " /S G 64
HANTTIATILHINNIAVBIENT LaFeOs ﬁLMLLﬂﬁiﬁdﬁﬁqmeﬁ 800-1200 a9Falted....66
HanTinA1N1stlnive%a13 LaNiOs 1nga 4-point measurement ... ... 69
HaN5InAINISUN IR 9815 LaNisFepq0s 1neid d-point measurement........ 70
e TAEUSEAYIE MR PN BuYasETs LNO, LNFO uaw LFO

P I DILAEOIMNETET ..o e s s s s s s s 71

BN



uni 1
unun

1.1 anudRguaziiunvesdym

sagud felsinduiadoidrdguesnisdmsdinlutlagdu esnsasudazdae
SrnsmazaInluiuNITILEY N15IAWNG Mevioaiier MeviigsAe et Wiiuuywd
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\nToejavia wazdiegends daduddgigniiuidiandmiunisdsedin a Jaglu laun
sooud esnmsdidudinvesyudindnisifunsmasaan uagiilenuagainisien
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Uszina U 2562 dmdsnisnansasuddiuyanauazsagudliifienismded egiivszana
2.01 dudu (@n1gaamnssuniausenealng, 2562) wiadudssianusn laun saeusiau
upna Juendimuisanslulssinadadu 46 Wesidu wavdweensnsuddiuynna 54
Wesidu veswondsoansnsusidinynnasy Insilnandieeniidrdey Ae endou seamside
nyiusennans uazeylsy Ussianiiaes Iaun sapudildiionismded feendmine
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579 Fedrwlnglandunisdeensalnswawin 1 du Inefinaindseaniidfey fie seawmside
ondeou wardaduaus (5uU1A13NT9A3, 2565) ANBEANITHARTOBUHT svum Tugasd
wa. 2562 Mlisemalnedulssmaduansooudselngfgadusudu 11 vedlan Sudu 5
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AMIHNANSOEURTIN 1.43 audusat) Tagazswunidunisnansosusiiednsrmineludseina
¢l 0.84 aufU uaziilodaganagil 0.59 A1uAY

CHINA 25.72066
UNITED STATES 10.88002
JAPAN 9.68430
GERMANY 4.61330
INDIA 4.51602
- MEXICO 3.98679
§ SOUTH KOREA 3.95062
A BRAZIL 2.94499
s SPAIN 2.82236
FRANCE 2.20246
THAILAND 2.01371
CANADA 1.91659
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FUUNTHANTALUS (B1UAL)

gﬂﬁ 2.1 Maan1sudnsaeusvaswausemabul 2562
(fian : https://www.statista.com/statistics/584968/leading-

car-manufacturing-countries-worldwide/)

2.2 Ysnaweades naninel walslun1sinn1suasdeanansunssieueun
Mnnanudesstunslsasudnslulsamalveuayinssymaiingadu daavils

QMANVNTTUYNUEUAR DTN TUTUMIKAZVEURINUAINABINTVRIRAIR 1IN LALENTINS
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nAnTEusLALaziLALerIvde ety dwadensvhliAaveadennnszuiy
wAaf fUiadind uuiu Turasd 2563 Uiinmwendsangnainnssunisuansnsus
Fudueusud utsgunsaiiudiuerlvasusuddmiunisvonuen SUSungds
626,398.45 furad (vosisUszna) lnsusoenduliinuvendeiidusunsodndin
25 Weodldu warUimavendeiliifusunsedadau 75 wWedidu lasveudefiuiain
gnamnssueususInaAndu 9.5 Weddu vesmendsnngramnssuimualuszme
Ine (nsulssnugnainnssy, 2563) Inensulsaugnamnssy (Department of industrial
waste) léviasunisdanisiuningranvnssy deuudldidu 8 38 Aldtuilulutagtu fil

1) n13ARLYN (Sorting)

2)  nstnivluniwuzussy (Storage)

3)  msthnduuilda (Reuse)



4)  msinaduanlguselevildn (Recycle)

5)  msdnauAunl (Recovery)

6.)  m3suUn (Treatment)

7) M3M3n (Disposal) (NBIUIMIIANININGARMNTIH, 2018)

8)  msdamsieisaun IngdSmsilanau (Landfill) (hsuenuesmtadiy, 2563)

ﬁ’m%’usu'eNLﬁaﬁlmmﬂqmm‘wﬂﬁiumiwﬁm%yuﬁ’mmuawi‘ dnunanvaInvany
nszuIuNsHAn wivnnnadsianitlildudmseveadeifianiusiluvesuds (Solid Waste) 1
ﬁwﬁm‘fu e mdudinainnisdauasmstannus s waznInUeNLduuling1ge ot
msdnsvoudediulvnjvesgramnssuetusudlutagiu Satundnludinisiluisnay

1%
[ 1

(Landfill) %ﬂﬁmﬂumﬁ@m%mLﬁaiua"musuuqm‘m&Jsuaﬁwﬁ’uﬁgumw%mﬁmmisua«,ﬁa
Tngmsidansovdavondesuniedudsinduidnoduiadosirdais Fan1sidanie
ﬂwﬂ’mﬁlﬁgfﬁ%LLazlzjmmzamﬁ’wauﬁﬂé’umwmﬁmguﬂ p1aneliiAnnsvwl ouuay
unsnsraevesan s uRTIsgaainden 1gviaddensuaziinnansenusegun e

v 1 £

YoauYudla dnviadadanansenuniuNaivrsyuvukasdsnaedluaunndnae

23 Ujnseadl

UfAseadiinulalutiagiu siegwuldinninovatsvia wu UjAseuaiiszuing
nsafuse UFATensmlul Ugaseeiiszninansaduaisveiun uiujaseadis
anuiegtesiuTagiidulany ledud UfATeesiszuindangiuufaoondiou UfATenad
sewindlavedui UfAsenadsevindangdunse uasufisersenindlaveduang 3ad
TwazBuauansiwioluil

2.3.1 Ujnseualiszuitelangivuisoandiau

Wnanufaeandaulusinia dodudinisdisanvinliinnisianseuduuy

<

'
(% a

U‘%nmﬁuﬁfmaﬁa@am Fatnidamnanmmernimduimsddy Ssanutuluerniaiin
lilanzazduaiulaidsau Inslavednlngaszsuivesndauluenminduosnlen
voslany (Oxide) MaiinUARSeIduEiFandy nmsfiansew (Corrosion) fegravu wdniivu
afu Geatuasietuluiifiioiniatu lnesmmdnazgninnieu Tnesmiiusneondiau
Tngufseaiisenindanefuufaeendiau wgdeserfussesnarisnuiulazdosende
aruuluanwerne iledeliAnmsinnseu
232 Ujisvuaiisswinelaveiurin
Tanzussialiomungdwiuldiduiodnh iy wdnduagyininieufase
fuih aghlniAnadudud euludszdn FeoraviliiAnsunsesesanie wilave

vsUszamnldiinuiisenaiiduin wu aunsadmeawaanyinduviedails msizvesuns



AauRseAuildendsliiRnufitenaiau Ineuifseuadssnidansiuih agdesends
srpvnanegiann JwzdsaliAnatuudeuvaneenunld
2.3.3  Ufisenaliszuinglansiunin

aswadiifianndunin (Acd) Aeansiiavaneldlutuazansaunndale
Wsneundolalasiaulessu (H) nie H:0" I Faansazarensadiliasiien pH fivesnin 7
Taesiald nsnazfdsadien Sqnslunsdanseu wasluiinld Tnenseanunsauusls
2 Uszammdng 2 wuu MiuA nseun (Strong acid) Aensafianunsaunndale 1009 Tu
nsnlalasmandn (Hydrochloric acid; HC), nsagaila3n (Sulfuric acid; H,SOq), nsaluasn
(Nitric acid; HNOs), nsalalaslusiin (Hydrobromic acid; HBr), nsamaa3n (Chloric acid;
HClOs) waznsalelelalnsdn (Hydroiodic acid; H) waz nsAsew (Weak acid) Aonsad
ansauandadulooouldifiesuisd Wy ninesdRaluiduatsy (Vinegar) suoalniu
(Acetylsalicylic acid) tHusiu e ianlanzanviufisertunsn asiiandnsasidunde
Y0an3n hazkidalalasiau

lane + N9 — NAVRINIA + wAabalasiau

Tanzusiazvdailaruamisanazdnssilunisiinujisendunsaaineiu
lavgnanunsainufisendunsala wu dengd (Zn), wuntddeu (Mg), naaund (Cu), Ju (Ag),

avgiuilon (A, wan (Fe) uazlufiay (Na) fog1anaufisen

Zns) + H2504aq) = ZNSO4tag) + Ha) (1) (Stanojevic et al., 2005)
2Na() + 2HClagy — 2NaClag) + Hae (2) (T, 2020)
Fe) + 2HClag = FeClaag + Hag (3) (Kladnig, 2008 Liag

Martti, 2012)



lnglanegfiviufasefisinsuazsunsaniunnfie langvedledoy uway

(%

lanegdliiufasendunsansaiinufisendunsatosunn lawn laneldu neer Nar1vn?

3y wazUsen deUfAseaiiszuindlangiunsaiidedife dnszurunsviufasoiisni
WATTULT wisfnfufaiatuluszrinamahufazen
2.3.4 Ujisenaliszninelansiunng

asniinfianundusiie (Base) Aeansiiazaneldluihuazanunsaunndali
anslensanledlesau (OH) I Jsansazaneaieiildasdan pH fivnndn 7 lnevaluansasd
sailn Auslondoay whlwihls wazdnlnglivihujisenedfulansiiguvniivies Tnesng
ansouusld 2 Ussiamvidne Toun srauf (Strong base) Aassiianunsauwandiale 100% lu
11 WU Hydroxide Yoes1amy 1 uavny 2 91 ludeulansenlen (Sodium hydroxide;
NaOH), awisulansenles (Lithium hydroxide; LiOH), Inunai@eulansonlan (potassium
hydroxide; KOH), #@ealansonlan(Cesium hydroxide; CsOH), wutsaulansonlan (Barium
hydroxide; Ba(OH),), @nseuld sulansenlan (Strontium hydroxide; SHOH),) way
waasdeulansenlad (Calcium hydroxide; Ca(OH),) waza 198 0w (Weak base) A on 13
anunsauandadulessuldiiiesunsdiu wu wonluile (Ammonia; NHs) wae 8138 (Carbonic
diamide; CO(NH,),) Lusiu iilethanlavganvinufizentueins asiondnsamidunde was
uhalglasiau

lane + A9 — 1NAD + WHAlalASLaY

Inglanguiagiia 1oy d9ngd waslnwna@ou Weouiuiujisenalinu
lyieslansenlan Sinaziinefiauwazainuiouiniy deeneisujizen

2Fe) + 2NaOH) + 2H,0¢ — 2NaFeOy) + 3Hze (4) (Kumari et al., 2015)

2Al + 2NaOHg) + 2H,0 = 2NaAlO; + 3Hyg  (5) (Miadokova and
Molnarova-Plchova, 1985)

Zne) + 2NaOHpg) — NapZnO; + Hy) (6) (Shin et al., 2008)
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Tuswidded mefidedanuaulaufatonadseninddangfunsauasujisenad
senindlangusng ilesneannsniufisenaiisvrendelangisinda dedla vl
Usuasulassadaduarsuszneull Fudugaduduresnisafrsannadimlv eas
ihluduaneiduasusznoveonlediiflasasanesenalndflinuiuvaddoindsdely

2.4 \wadionds (Fuel cell)

wadidawnds Foguniaindanszualnih Adennufaserlniuainielueed Ty
nswasulianavedlslanaunaresndiaul inaredundsulai fadu definnsdne
lelasiauuazeandiaudlluszuveswiaiiios Aazannsondaluilfedrsreaidonsuiu
Tnewaditomasasddnuuznisinuadetuiumened wandsufiLummedazaunse
WaudAsendounduld Feanuisandandsnuliinldnasnailaelidniudeansedu
wuuslalies uindsuliinazdeuridas Weanafidenanm diwaaitemdd v
yhauldegneedouarseutdsldding Fuhliwadidemdadumideniindmiunisly
waunivssAvEamgaazUnaanuaiivmadainde daieindundsnuazein way
usnaINvzanunTnnannszualifinlinda nansasivandldannninufzelusad leud
thuazenudeu dailunandaiivaendte uarlifinisudafedounszanifiniutues (GRIGeL
WazIAng, 2550) (@uiln, 2548)

dndszneuiugunelueadidomas Usznaudetalui (Electrode) 2 44 1éun
dauslun (Anode) uazdaualng (Cathode) uslazii¥andidninglast (Electrolyte) fugnss
nanasEndnedaliinie 2 99 Getandidninsladdnididudimilessurusening
Bidnlnseviaes usdagliiusnididnasou WelilhAnmsdnsveanseualnih Taevly
Fomdainuludsdanelun de ulalolasiau (Hydrogen gas: Hy) druufdeandiauy
(Oxygen; Oy) %Qﬂﬂaut,%’ﬂﬁﬁﬁgjut,ﬂim e‘ﬁlﬁ‘i/olgﬂsgj’lLL@IU@LL@%%’JLLﬂIV]ﬂﬁ@Qﬁﬂ’J'}NWEuﬁ"Jﬁ
wanzay Wedldnissufiseudalelnsau (Hy) sxgnesndladliunndssnidulusmeu (HY)
wardidnaseu (e) Inslusmeuasindouiiiuiandidninsladiiulugadaualng Tuvaed
Sidnmseuaniadeudiniuludnasnisuen Feeglinsualifieanuuagisludadauala
diolusidufasondiauliifusendiaulessuy (07) Indulusneuuazeandiaulosouas
sty uduAaduinmdunandamdenlinnudeuiniusngls ARy waimsuy,
2547) LLam@quﬂﬁ 2.2
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Yorvovadiiomas Usvnaugae 5 4o dall

1. wadideimAsdivsyavanlunsnannszualiiiigs

2. myvhauresradidomdsldnelfiAnuafiuvndaunndon mngldfiuiasenis
Fupvoademas deflunisannisanddesyafivniernmaiivinlifinuiadounssan

3. wadouadidade ssunuluvamyinay

4. aansafvunualfnganfunnsld oy el ssuuwadid siwdsanansadi
yieanuald GatusgiuUimallififidesnis vilvanmnsofesamuanudine dlidsn

5. anunsaidentdidemasldvasvin Wy uhdsssuwd uidllasiau whadmnu

Y vy 1%

wialnsinu visewmuea MelTuegiurinvedwasidoinas



2.4.1 VDU VARIDINAY

M 2.1 UdnsanuaslanzsUsaaowdusaz e (eASh wagtinsuy, 2547) (Wans, 2558) (Boudghene Stambouli and Traversa, 2002)

¢ & a ag ¢ & a v 1 aaa adyy a a ¥ a Y o w
CRGITHIVIGE danlnslad Wanae fiaLseufizen auu il (°C) | Usznsaw Jof 42311A
CE e A . - P . szuulranmsiudlau
wadieundwindanilay Tnunadeslanseonlud . A1913931A19N . & X <
) H, / O NiO 60-90 45-60% R BB Hy waw O USENS
(Alkaline Fuel Cell; AFC) (KOH) el Lz
wintiu
e X a a 4 = e U =2
wadlemaswiiagouanilasu “aifidgminnsadu _ Y,
o . o . “aseanslaiuzans
TUsmau (Proton Exchange Nadues H, / Air Tangunaniiy 60-100 40-50% Larnsinngau Ca
R = -ansigailsnnngs
Membrane Fuel Cell; PEMFC) haulaisa
A R - o “aaivunlng
wadamaswiansanaanasn nsaneain ‘ . 1glalasiauiilal v
o Ha / Air Tanzunaniisu 200 40-50% N -Uutnun
(Phosphoric Acid Fuel Cell; PAFC) (H3POg) cmm$m§ a
-ansigailsnnngs
Wwanweandwlandemsuoiun 4 e e e . v 918U
NayCOs / Li,COs / ) dniiadaaeun / dFeinda o e
e (Molten Carbonate Fuel Hy / Air ) 650 50-60% I -Aansauladne
KoCOs NiO -ansisslevannviane R v
Cell; MCFQO) Fhaulddn
A hnulanigamaiion
WadlTBlNA UL ILEA o ee e . o G v o
) pedwesahedauds | CHsOH / Air | Tanguwaniidy 90-120 40-45% Henildiugunsal -UseAnnne
(Direct Methanol Fuel Cell; DMFC) w A
dlanvsetingd
P v a o . -Usgansnngs .z
wadlalnasuudingduazene Tnunadeslansenlon ) v A PR -agnstdanudy
o H, / Air Tanegdaned 700 45-50% ~Jufinssie Y -
(Zinc Air Fuel Cell; ZAFC) (KOH) o Y AU UNITNENZY
dundeu
ek o .. o Adawasls -Suvhauledn
waalenawineanlunvoude ) Tavgdiniia / v ed A
) ) Y203/ ZrO, Hy / Air 600-1000 55-65% RANNNAY SATNHNINNAUINDAUAIU
(Solid Oxide Fuel Cell; SOFC) LaMnOs o a o 4
-UsgAnsanga Soullunaanyn
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2.4.2 #@UsTNauvaLYaALYBLNAY
diuUsenounanvoTadl aInded 5 @i uanadeguil 2.3 Feusavdiud

wa Y Aw 1 &
anvRnazntnneselul

INTERCONNECT
GLASS
CATHODE
ELECTROLYTE

GLASS
INTERCONNECT

SUTt 2.3 dhulsenoundnuaznisinSetesdusenouvestanluwad Beindsinoanled
VOITILUUUNY
wnawe Anuuasin “Solid oxide electrolyte fuel cell review”, Tng) Badwal, S. P. S., & Foger, K.
(1996). Ceramics International 22. 257-265.

2.4.2.1.99u8lun (Anode)
o Y Ao a a iy, a g 3 - o
ni19sveendiaulessuiunsiuaindidninglas wauivin
Upfseiuuidlalasiauauialundndusivszian i lneaudiddyrestanelun assoad
anuasalunmsilniwisedidnaseunaziilossuls dnviamsisluianifiusunagniu
wonzagy i domauaraseanduausinasuiiinuvinugisenluead i dounasle
dvaInuarnuanInEmEle Weiuanuauisatunsgetuuiaemddlsalasaunteudily
Tussuy
2.4.2.2.99ualna (Cathode)
° v oo & a g 1 v A o a aaa Y
uisusiaeondiaui bdid1lluszuu iWeinufisedu

a

a & [ ¥ a a [ a ¢ v o
dlanaseunasanmsnannsealiiiud auineendiaulessunnsriiudianinsladnluds

(%
[ Y

Falun tneaulRNdfurestalng Ao Asiauaunsatunsuilnidffwazinlessu

o

197 Snvismasanludanifiviunagnsunemnsiasilidomiuasarseenduauviinioud

wWhnwhudiselueadwemdsdaazan Weliuaivaunsalunisgaduniaoangiaulas
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2.4.2.3 Bidninslad (Electrolyte)
shwiifduianansiidssusendialessunntauainaludsdauelus
Fandidninsladiiaziinnldnuazdeaduiagifamumnuiugsuasiaiuannsalunisd
losauldd uiliveulididnnseudsinu erhliAnnisdeiuveseondiaulessuainds
uelnalugsianelunldhonarnnd livssaninmmsvinuessadidfomasgdn
2.4.2.4 Fudoudaszninawad (Interconnect)
yimtiilunisrunseualniindldnnsdsluudasmissioad
Foinds wazdenszualuiingreasnieuen Jedrulngiduianesfinvdelavenan aud
ddguesdd eudoszninuead agAesmuauieud gamginsvinauvesivad
auanansolun sl ifuazdfulsiutandug Tusadld
2.4.2.5 Yan\eutlinsesda (Sealing)
ywhiitasessessrinagad edlestunsdiduvesuiadomnasd
Jouthguwadvieeenanniwad Tneiandondnsesseazdessiaaingngy wedssiunis

AR UV DN BLNES

25 Fagualnanilassairsuuuiwesevialng (Perovskite structure)

asUszneveenludiilassaauuumesoslalnd dgasiaivhly Ae ABO; lnsezney
193579 A azaglusumian (Comer) 711 8 yuvagnurAd ovnouvessin B aglusuvs
Aanansvesgnuier (Body center) uariognouveastn O agiifanatsiiivesgnuiaiing 6
AU (Face center) (g573 tn3ns, 2018) ﬁﬂgﬂ‘ﬁ' 2.4

Ul 2.4 msdniesesnouvesiassaiauuuinesealngd
WNewWe AnwUasan “Factors Governing Oxygen Reduction in Solid Oxide Fuel Cell Cathodes”,
1o Adler, S. B. (2004). Chemical Reviews. 4805.
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Jaqtu fimsldfaniiflassasramesendlnddivarnvans Seiislassadsidlavead
wazlifllavoadiussdusznou Aafilassaiefidlaueadaziidiinsthluiuazainisi
lovoufigs uwidestelaveadifuarsiidnaiuns Sniiafirnduussansnmsvenedamneanu
Youiroutsgilutsgamgfimslfruvessaditoimas dwmaliianualnadnisuenesadilsl
winduduUszneudug veuwad orahlfiAnnnudemeutiwadlurusiwadidomas
vy fefuluddudaly azndndeTandflassadranasonalnd i ludlavead .y
asfUszney SeaveSuedaseluil

251 d1susenaunaumdunueniasanlen (Lanthanum Manganese Oxide;

LaMnOs)

Huansusznouifauauganisiunisililin ledudnilwiwezdau
pondiauiia Snviaduansusznouildsumuienduidutanualnadmiusad donas
vonludvasudeildmugiu Yitrium Stabilized Zirconia (YS2) Mduiandidninslad sinagd
nsidedesng Sridnluluans LaMnOs titefiunsthlwihuazu$udgansss §senludh
WAty eA%e wazimsuy, 2547) Tnearnisualin (Electrical conductivity; 0) aziiiy
aetumuUiaesans ouargamgiifingeludie onfognsnuddesmned 2.2 ud
ag9lsfinu wudrdamivesnisldauvesiag La,Sr.MnOs (LSM) Aemsideseans Sr i
mm%ut,ﬂ'aU%’uﬂqaﬁwmsﬁﬂWﬂﬂﬁquu fedsualimduuszans mavereduiosina
§oU (Thermal expansion coefficient; TEC) ﬁﬂ'ﬂl,ﬁlquiéﬁ?uﬁwlfduﬁju (Mori et al., 2000)
(Tietz et al,, 2006) shlisloldnuigumniias JanualnavenoilivirfuiuTandus aelu
wad shlfAnaudsmeuiwadunsldnuld Sns nrsldan LM gamgiiags enavi
UfAzendu sz Mduiandidninslad iAeduaisuszneuiiduauiumslniale iy
La,Zr,07 uae SrZr0, fisessosznineianvesistanualnauas Tandidnlnslad azdewalyi
Amsihliiilsanasig

A157197 2.2 WSsUsuUSUIUNNSHANENS Sr Ndkasaa N1 b

An1su i (S/em)

a1susznau 91994
500°C | 700°C | 900°C | 1000°C
LaMnO; 44 71 84 - Mizusaki et al., 2000
(Tietz et al., 2006)
Lao_gsro_zMﬂO3i5 150 - - 220

Li et al,, 1993)

(
(Carter et al., 1992)
La0.5510.5MNOs54s - 360 - 485 (

Li et al,, 1993)
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252 #1susznaunaunniuleseusanlyd (Lanthanum Iron Oxide; LaFeOs)
\duansvsznevitiinagn Lidudiv uazdaualuiiedifdey fnas
Fomssesinsanlalidssfidumis A uaziiesmesamsudduiidumis B ieriulinig
Inakurenfasendunudidingeadldazainduuararnisinlni1gedu (Kaewpanha
et al,, 2019) usidaldefe a1susenau LaFeOs agiunulnings (Feng et al., 2011) lngag
LAAINGANTIINSEILUUA Ty fifinnsiiliineg 0.36 S/cm figunail 800
D3FaLTYE (Hung et al., 2007)
2,53  @arsusznaunauntuiinifiasenled (Lanthanum Nickel Oxide, LaNiOs)
wauntiudnifasenled (LaNios) iuarsusznevsenlesfidlaseadiauuy
wosealng (ABO,) uargninuléifutaguelnadmiuisadidomdsennleduasuds arunso
THsnildigamgiiinnit 850 ssmwaidea uitmmiafiosnsanuieus Jaliannsaldau
figungfigenii 850 esmwaldoa tnszlasaadnaaziinn1siud sundasdanayinli
UsgAniammsviauanas iediudsseinsinliiivesan Lanio, ATy uazilaanu
wiesnuanuseu Jalaiinsivansideatluiumis A 3e B vedaswaiauuuinesenalng
Tneuslomivesnaifuanieadly azdaesiiliAndesinmeseondiauiifiutululaseads
(Oxygen vacancy) ImEJia5‘1/?71%5@?#1msﬂ’ﬂﬂﬁwaqi’aaﬁLﬁ'mqqsﬁu s‘iqﬁuagﬁU%ﬁﬂLLaz
USinaseauaslosauiiiunduanside (Kuo et al, 2010) (Sun et al,, 2010)
Mnderuardedrinvesianiillasaiaunesevalndinanlidrsdiu sauds
Anwianuduldlflunsldnuseademdn SuAnduiiuilunisdenlasane LaNios uvi
ndesely

2.6  UIENNYITD9

av o d

2.6.1 uRENNgItasiun1sidnvadeanainsueIuus

Ja9vu gravnssuusudldiasnsuAladgmdmiunsmdnveadedin
INNTLUIUNTHAR 919U MITHT MsHeNaY N1sUanauAN wagmsthnduunly Tngveade
ﬁLﬁmﬁuﬁﬂﬁmé‘mLazaaﬁLﬁam Juwan %auﬁadaﬂmj%gﬂﬁmmaauLﬁu%u?humuauﬁ
vieTanldlununeatns Inetideldvhnmsfnwuazasiaaouaudfngg duioluid

Jirang wag Hans (2010) levinsfinwinisldvendeeaiilisunngnaivnssy
gueust InsnsnduanldliAaUsslonisnass Woandununisuanegfidey Snfsdse
annsuanUaesfinuiieunszan (Greenhouse gas; GHG) leigaiia 95 wWosidud iilawfisudy
mswanegiidosnuunan lagldldinadanisuenlavenauegiifouiliinadansiaians
Waskasvessiglaelduaaaiwas (Laser Induced Breakdown Spectroscopy; LIBS) wav
watlanisiveadandunnldlug (Solid state recycling) wu3n walansiaianisivasias
vossmlnglinanawes wlilanawesfelufifuionavogiidoauvuiiudone e

6

A9 iAMsaLaNanIzY09e1n o TngNNIEAUMELALALLDS AHINTANINITIATIE
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[
=~ (9

awnnsuvessinlneldinieansiaduanndy (Spectral detector) Snvisldnanfiaines
Uszanana iousnegiien uavmadiamnivesudanduanldluy Manldununisnay
e iilouuvudafu ssdunisinavegiidounnilifamuiand Tasnisaaly
(Degreasing) 11¥vNN156A LLé’aﬁﬂUSﬁugﬂ%umuﬁ’;EJLﬂ%"aqéJmiamaaﬂ (Hydraulic press) lng
T usaiu 1Y 200-600 wnzUraaa wazduguigungives vinlduszndandsay
uonI N feannsgadlangegiiieuduiunnnlusgninanszuiunisiiumaslvaian
Pl

Lee waganiz (2020) livhmsAnwmssndnifunnaundnudimsdaves
gnanIINEusud feisnsdalagldasiioranslu elunsffumundnnduanld
Usslewdlmisnads Inevhnsmageuduing 2 sila fio Micro-90 uaz Detergent 8 Tngld
drdumsnanaundnudainistaludnsdin 2, 3 wag 4 nsu setheniivhnsidennauds 20
faddns wui fUTnanawmdnudsnistatesnit 3 n$1/20 Tadans Tuarsazats Micro-
90 axfithifulszana 80 Wosifud uwarazgnadneenudsainnsdnsuseuiianumdoiion
20 Wasidus uiluatsazans Detergent 8 Urifuazgnudalimeluionun 100 Wedidus
ninnsdsluseuiiany mneauInavetmuvanraINsinieUTINnTYesETaTaNY
5@Lﬁuﬂﬁaﬁﬂﬁmiuﬂwiﬁmuﬂﬂisﬁwﬁmwmaamifﬁ’ﬁmﬁwﬂu

Chang wazAniz (2006) Mevmsanumsslafauiiuinngwasmndnndd
nawmndn Ingldarsanuseiaivialufivuszq (Nonionic surfactant) lawn Nonylphenol
decaethoxylate (NPE-10), Tergitol 15-S-7 hag 15-S-9 waznsgnrendifiarsusznauves
\ndovleawin (Detergent builder) Insmstiawsamaniifioyniavunaidn uazasanussis
H11398135 Detergent builder mudnaiu w1vinnisldlnines 250 Jaddans niuaisavaiy
e 200 souseundt iunan 15 undl daisliaunnegneu udanenvesudsd
ANRZNauLTdNRaEMAE aTa wasilUouuisiigungd 110 ssrmiwaidea unan 8
s wui annsadndifusangdldds 95 wWedidud Tunsimvmanuia Seansanuseiain
vialuiiszafiannsnudaihiuianasldiian Ae Tergitol Snvisdianauifinisdesanionis
Fan A uTsIAIunend1 NPE-10 1nn

Takagi uazmnz (2012) levinsAinwinisdnawmanuainisdn uuszendld
dsuuushuylinnudounndrsnouuuldudaii unuusuglinnusouunssnmedild
nadniduenuresmaialuiiagiu lnsiemwmndnudamsdn unhnsdsdiiiewninsu
ihifusenlaeliiieniidgnsifusne ntuiludaduareuurisiigungf 110 ssmiadea
Sonandnuiudailunautuinde susutud winesiglaviuazdh daiwinaudadau
waznanliidrduegeniniilugiunaiafin neuussyadlugenszaivussydud wazin

aa Y o a = o 2 a sy v & 1 v o '
QWWQQJQNWUV]UW IﬂﬁlLV]EJ'Uﬂ‘UNQLWﬁﬂ@LaﬂIV]'ﬁiﬁﬁﬁ/ﬂfljLUuLLNULLUZIWﬂ"J']ZJiE]ULLﬂ?WﬁfﬂElLLUU
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Tduaana@sddmunenaly (Anuuians 99 wWesidud Tiduruaudnarsadewntu 45

lulasiung) WeSeuifisunginssuanuieudezinsingamgiisnensldinesluduida
Tnevhnisnageufiusunaiminsumindu 15, 60 way 90 % Wu3 szEEalunnsYn
anufeuasiiiady wWodminsiuiugy LLﬁ%qugﬁﬁfﬂﬂﬁﬁWUaﬂLLNULLUﬂﬁIﬂ’J’]QJ%IEWLLﬁ
$remeuuuldudfineemdnudinistaarsniuiuudglinnuteunasienieuuuldug
famnimandidninsladidntos nvielgumgindevesuiuusliarusouuisensuuld
wEsnrwmanngenstaialndfestumandidninslas egnslsfiny uiuudeliay
Zounnd19nouuulfudan sannAumd nndanste Tansaznsauteuiinsiniy

[

1A5gIU (IS S 4100-1996) FagUTi 2.5

u

o 90_ — T —— T 1490 — T
© 80- 15) | { © 80F —15(g) | -
~ A 250 —60(g | 1 < _.F 259 — 60 |
E_; 70— —90(g) B é 70- _90=§; 7
s 601 . ‘é 60 -
£ 50 1 250§ :
& 40 y __5 40 .
L 1 1 Ly | L M " 1 " 1 1
300 10 20 30 40 300 10 20 30 40
Time (h) Time (h)
. 90 v T v T T v ]
> 80 15(8) |
Z70p 250 1T Saej -
Z 60 =
250
£
0

JUN 2.5 gamglvasusiuidglininasounissmewuulduaana (2.5n) nueg
WIANYAINSTALUUBULIAT (2.50) NNLAYMANUSINSTALUUUTIARN
1T wag (2.5a) nwiandanivisiad (Takagi et al., 2012)

=3 Y1 a 6 al o U ¥ fa A
szwiuladn vendslugnainnssuetusudainisuinduunldusslovidimes
Wntiey Magidedadaiulselevilunisiiveadomanaingaavinssuenueudnduunly
Tni8nass lnemsihimwiduiagualnadmsuwadiomaseanlavouds
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2.6.2 ideinedasiuisgualnadmiuiwaditamaeanlenvaauds

Chiba wazane (1999) lavinnsAnwnisnsivaeulaseasswedansusenau LaNi,

Fe.0s il x = 0.0-1.0 MuduTanualnadmsumadidomaseenlssvemds lnomsduasezvians
FefiBugATeluanuvaads (Solid state reaction) wiasfutiugUunuieiriostugUuuush
W3 (Ory press) Tnglduseiuviniu 1 sustemmasuiiums nntwhnmsendnluussennednd
flgaumnil 1250 ssrnwaiea Wuan 24 §2lus wawthluvhmsdnenigaiavesansusznousie
ariAmsAEIULTesE8nd (Xray diffraction: XRD) dnamsAnusamsed 2.3

A1519N 2.3 ASIES 1 HNANLAY L 8L YITEUINBENDUYDY LaNiFe,O5 (x = 0.0-1.0)

srezUnesEndngeznay (A)
X Tassadreman

a b C

LaNiOs Orthorhombic + Tetragonal - - -

LaNigoFeq 103 Orthorhombic + Tetragonal - - -
LaNipgFep,05 | Orthorhombic + Rhombohedral 5.5019 6.6297
LaNip7Fep305 | Orthorhombic + Rhombohedral 5.5079 6.6281
LaNiggFepq0s Rhombohedral 5.5118 6.6375
LaNigsFeqsOs Orthorhombic 55243 7.7601 5.4949
LaNig4Feq 03 Orthorhombic Q% 1 7.7862 5.5094
LaNig3Feq 703 Orthorhombic 5.5436 7.8091 5.5258
LaNigFepgOs Orthorhombic 5.5505 7.8312 5.5364
LaNig 1Fep 05 Orthorhombic 5.5539 7.8569 5.5523
LaFeOs Orthorhombic 5.5656 7.8548 5.5555

MBLE 910 “ An investigation of LaNii Fe,Os as a cathode material for solid oxide fuel
cells”, Iae Chiba, R. et al,, (1999), Solid State lonics 124, 283.

NPT 2.3 WU @nsUsEneuiiug I LaNiy,Fe,O5 Tin1sdesemdnly
Usunad x = 0.0-0.1 aeiinlasead1andnuaunszning Orthorhombic uay Tetragonal waziile
ﬁmiﬁaé’wmﬁﬂiuﬂ%mmqﬁu x = 0.2-0.3 LLNALASIFS1NANHANTLNI1 Orthorhombic
waz Rhombohedral vl 81§ afreindnluuSuia x = 0.4 ax1AnlAsIad 19ME NLUY
Rhombohedral waziiloidasemdnluuSuiail x unniwiewidu 0.5 asvililasadis

nanasudy Orthorhombic Ngaumgiiviesuuuanysal Amiuasiiulddn n1sdenewman
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Wrlululaseas1eved LaNios agiinaynlvlasaastamaniuasuwlas anlassasandnkuunay
nanendulasaas1e Orthorhombic

2.6N

//‘\

10 1
,é\ i i E
Q 3]
3 3
>
z Z
Z 10 Z
g | unstable ;llgc)ll::l)()_ orthorhombic _‘é
5 | Ss
O 500 e
10°) 1.,__“
To.x =03
{ 450 5,039
x =0.36
107 L 400 . ‘
00 02 04 06 08 1.0 300 400 500 600 700 800 900 1000

X in LaNi Fe 03 Temperature ( °C)

SUR 26 Arnsinliiivesansuszneuiiilaseadranesenalndves
LaNi; Fe,0s (x = 0.0-1.0) (2.6n) 15Ul 17 g aumn T 800
2eALYALTEd VB9 LaNiiFe,0s (x = 0.0-1.0) way (2.69) N1511
Iolf17 o umn T 300-1000 oaALwaldea v LaNip,Fe,Os
(x = 0.36, 0.38, 0.40, 0.42 uag 0.44) (Chiba et al,, 1999)

Uil 2.6 uansdmsthlnihdnwifemaiea d-probe DC Wyt AL
Inifivesansusznaud x deontt 0.2 wxfluwalifndingety udrnsulafiazgean e
nsidememanluuTunai x iy 04 w3 easusznouilaseaitsuuy Rhombohedral
anysal widlo x fAuugetu @sUszneuillassadauuy Orthorhombic auysal) asvhls
Al ldufianaaiesy ?fummﬁﬂgﬂﬁ 2.6n waziiloldvaeves x fifldinisi
Inhgegauds Fsleilumaaiaiigalunisidamdndly Taefmungaswesnsifuman
Wity 0.36-0.44 nud1 madewmdndluluuiinafiundu fo x wiriu 036 aufis 040
wunltishlianmsiliiuiugsdu wandeidofemaninnd 0.4 asvhliansili
anas NMeaesdianan asuléin asuszneuiiiesmeomaniuliinm x iy 0.40

Ansinbniinasianioamall 800 asrgallua FallAwiniu 580 S/cm waRIRIFUN 2.6%
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x10°8

14.0

= TR -800°C
-O- TR -1000°

13.0\ 7

(1/K)

AL / (LAT)

9'8.0 0.2 0.4 0.6 0.8 1.0
x in  La(Ni Fe)O,

U 2.7 AUs2ANE N5818H 91850 (Clcso0 WAE Qi 1000) VBITEN
LaNi1Fe,Os 7 x = 0.0-1.0 (Chiba et al,, 1999)

NsAnwANFUUTEANINITVLEAINNANNTOUVBITAR LaNiiFe,0s (x=0.0-
1.0) Ty 2 42990000 LAKA Clisoo %8 Oliro00 AIFUN 2.7 WU ANFuUsEANSNTVE86N

a

yanufeuvewisdestisgumgll Suuliuimiloutu Tufe Aduuszavinisveneimi
Anudeuazanas Wefinmsiedsmdnlulsmafiuiniy udennisidedemdnaglen
FuUseans n1svenedanieanudeui lndifesfuaissidninslas Idun Lanthanum
strontium manganite (LSM) tha g Yttria-stabilized zirconia (YSZ) @' Yu da15Uszneu
LaNigFeqOs Feimunzaufi anftazanvindutanualnnvoseadidomasoanlsdvnsuds
osann fanslifindias uagdarduussaninisveofmeanuiouiimungauiuans
sianinslan

Irshad wagamy (2020) bavinn1sAnwia 1n1siilnw1vesdanualng
LaNiCo,0s5 71 x=04, 06 war 0.8 dmiuiwadilomdsminoonledvonisgamgiviunan 7
Fumszidedd Hish temperature decomposition Tnensthansuszneulumsnunazats it
fiuseanleseu mniumunauaslimnseuvasarats uasaranelidnvaredowa dle
Thmnudousgwsaifiosziamaunlnd uarldasdnvasdutidn ualdiduns snuhly
Airszain1siUa sundasiming Duilaiduivgamad (Thermogravimetric Analysis; TGA) 7
pungfivesiy 900 asriwaifioa nui dnsaydeimindndes Wesnmsssmeveniilu

ansusenau wilinumssswevesanslumsauazansusenaumivaiumeenluaniaswesn fagy
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a

71 28 Anuuildkwaalgdigaumgdl 1100 sarnga@ea Wuan 5 97l waziild
Mn1sAn¥InN1ATeEsAIeLeS 09IAN TSR BIUUTEISELENG WU 71 x = 0.4, 0.6 way 0.8 I
A a X 4 . . a v a ¥ o | a A v a &£ ! N
fAAATuT 2 Theta Wag intensity Mnseiu Snviedalinuiafifnatwinty wanadnasa
duarzidanuduigaaiRe Single phase) waziilasiad19uuu Rhombohedral disléinnin
a ¢ P 4 & v a ) a . ] Y]

Wenkuvany sl waatluTuguduanuiieniesdalansedn (Hydraulic press) Ineldusadu
wiriu 300 wnzthama ntuihnswiluussenen@vigamadl 500 ewnwaded W 1

P AeutluAnwAMsilni1vesansusenau

LaNi, Co x=0.8

(1-x)

— X = 0.6

Weight (%)

95

T T R | R R Y PR o
100 200 300 400 500 60O 700 800 900

Temperature (C)

Ul 2.8 M3TaTgiguvgifiiaufAze1ves LaNi;,CoOss (x = 0.4, 0.6
wag 0.8) saginalla TGA (Irshad et al., 2020)
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145

LaNi

(1x)

Co,
" x=08
x=0.6

x=04

14.0

13.5 4

13.0 4

12.5

12.0 4

IncT (Sk.cm™)

11.5

11.0

105 T T T T T
08 1.0 11

1000/T (K")

gﬂﬁ 2.9 msilniives LaNip,CoOss (x = 0.4, 0.6 wag 0.8) Irshad et al., 2020)

5UM 2.9 wanan1sAnweinisdalndinain Arrhenius plot 83 LaNi;,Co,0s

s N x =04, 0.6 Lag 0.8 WU Ansihliivesansuseneusisuaiiamindu 70-120 S/cm
7 i 500-900 aerFTaLTEE mn%msﬂﬂuaammeuﬂmaiumt,mm B TuuSuneu x =
0.6 (LaNig.aCop¢O3.5) ymmmsmiw%mqwqm aniy nluAnwlaseasnegania wuii
LaNigsConaOss (ugudl 2.10n) finsiaBesdiveseymanuulisauuunazilassaiiauuy
nounay (Granular structure) @ LaNigaCoosOs.5 ﬁmw‘fﬁamiaﬁummaummaz‘lmqa%’w
mimumwwaummmm ya (luﬁﬂ‘w 2.10%) uag LaN|02CoogogaduiUm 2.10A)
Imqasmwmmmmuumnwuavummwsumamm et awnmﬂmaasﬂlmw n15139

d
N x
g

Frelaveasaslulsuadivnniy %aqwaﬁlwmmiuﬂWﬁﬁqwu \esanfinsdeudetuves
Tassade SnvsnisiidlaveadlulSunannniy ﬁ]vdqwav‘iﬂﬁ%umuﬁmmwsuﬁ’;Lﬁmaqﬁu &
mmamamﬂwamﬁum Fuel iv O, mmsmn‘aLW;Jﬂ's'mmmmiumimﬂgmm uwiiilelde
msﬂﬂuaam 7 ox= 0.8 sziiemsthlniiianas Wumszlassadnadnnumunuiuainiy
FununasiinTy wazdlaUNgUiIanad

azlal
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JUM 2.10 1A59835199801AY89 LaNii,CoOss (2.100) x = 0.4, (2.10%) x = 0.6
ey (2.10m) x = 0.8 (Irshad et al., 2020)

Zhu wazamy (2005) lavn1s@nwinisinssunazaudanielniives
a15UTENOU LageSrosNiooFeqsOs (LSNF) Aaensddiasziis Glycine nitrate process (GNP)
TnonaansUsznavlunsaues La, S, Ni way Fe swaslioglusuresarsarats a1ntu
ilulanudeusuaisazarsidnwazadioaa Welianudousdenaiias syl
asUsgnauiinnsuluddaedaes ntuhnwesasUsznouluunuealefigumgd 900
psrwadea 1uan 2 99lue Wi evdnais veud nnd1suasviliaisusznauinnis
Wasuuaddassasadulasadranesoslng ntuhlduadensioun Wunan 24 dalus
wieututuguiunuieinieduguuuudadousadulufienafie (Uniaxial pressing) Lfu
wisdmAsudidvung 30 x 6.3 x 1.8 gnuiAdiiadians 1ntu shnassdnluusseniand
figaungdl 1200 ssmwades Wunan 3 alus Aewhansdunseidldluasaaeuipaia
wazAnniliiesdag Wethansiduasgildluynsfnuipaavesasieeiesia
MSIAEIULYDITIEENT Wudn 1a LSNF Awsenlngds GNP fllassadrandnumiioutiu LaFeO,
yenand Saiilassadrendnadiefuansdsyneud laannnisdaasiziuuy Solid state
reaction 9nMLe ﬁﬂgﬂ‘ﬁ 2.11
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LSNF

LaFeO3 (JCPDS:75-0439)

JUM 2.11 N159539a0U7N1ATRING LSNF Watkuaaleunigamgd 900
pamwaLdea 1Wuan 2 92lus (Zhu et al, 2005)

iy IvimsAnensTainsiliinlaemade 4-probe WU31 AINIT
thlwinfl 800 esrwaLTya vosasUsEnay LSNF Aflannamsuda 3 wWeosidud dan 3409
s/cm @aiamsilaliannndnansuszney LSNF Afmnumguds 34 wWedidud @l 146.7
S/cm) uanaisguil 2.12 usiegnslsiniy aamguifisnzaudmiuldauduianualne
fioafinnumusiauinndt 30 wWedidu fadu arsuszneu LSNF fiflanungui 34 Wesidu
wazdlnshlaliiniy 1467 S/em Suitsswefiandunilsluiidondmivldnuduian
wAlne
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Temperature( °C )

Ul 2.12 Arnsthldinues LSNF (1) mnungusa 3 wWesidusd waz ()
AU 34 Wesidus (Zhu et al,, 2005)

Niwa agaay (2011) lavinn1s@neraud@nisunlndrnagnisiwaai nues
LaNi;FeOs (x = 0.0-1.0) A28N158UATIEWNUUUTS Pechini method %8 9391nd LAY
a15UTENBUAIEIDAINATINA? ﬂwmiﬁlﬁlﬂLmLLﬂaiszjﬁﬁqmmﬁ 750 aaraLded [Wulian 24
Falus luussemaund dewhasuszneuiidaiasesilaluasaaeuinan wagArnisuilui
v833an WUl a1sUsEnau LaNiFes (x = 0.0-1.0) fiduas1zilaaInis Pechini method
uansanady  Ipaeiden fagui 2.3



x=0.0
x=0.1
x=0.2
x=0.3
x=0.4
x=0.5
x=0.6
x=0.7
x=0.8

x=0.9

R A
. : L’-—JWWM x=1.0

20 40 60
Diffraction Angle, 2 6 (deg.[CuK «])

X-ray intensity (arb.unit)

g'Uﬁ' 2.13 MINTIRARUTNNNAVBNS LaNiFe,0s (x = 0.0-1.0) Anunale
ﬁqmwgﬁ 750 parLwalea (Niwa et al., 2011)

ntdurinis@nwiainisiilifivesanstszney LaNi Fe,0s (x = 0.0-1.0) 7
gaun)dl 800 sarwalded WU n1sleRIEmAanluUTIIA X = 0.4 (LaNigsFeq 0s) azlian
maun Wi igaumgdl 800 earmiwaldea gefigawiniu 300 S/cm

Ozbay wag Sahin (2017) lavin13AnwIn19t0T sukATENYULLANIEUD
LaNiO; Tiflaseadrsuuumasenalng tnensdansizsiseislelasivesuea (Hydrothermal)
9ntu sulfuiudwhnmswiuaaleiiigumnd 700 ssmwaidoa Wunan 6 Falus Tun
wuuvie (Tubular furnace) Aeuthlu@nw fpnialaeiiosinnisidsnuuresssdidng uas
Tassai1sganiaiendeanssmididnaseutuudeansin wuin anmsAnurigaia fagud
2.14 g15UsznoU LaNiOs guanilassas1auuy Hexagonal Weill Secondary phase ¥94 NiO
Aniuil 20 wihitu 37.5 fu 43.5 Fadunannnnujisenoondinduves Ni uanand lainy

seguanilulasaadne danunjudiuasvuinoun1Avesansusenaullnuadnateiy
WARRagUN 2.15



1500

@ LaNiO3
O nio

1000 -

Intensity (au)

20 30 40 50 80 70 B0

[*2Theta] (Copper (Cu))

JUN 2.14 M5 Tn1Avesasusenay LaNios MduAs1zvlag
Wlalasimesuea (Ozbay and Sahin, 2017)

gﬂﬁ 2.15 Iﬂiqa%ﬁ@ammaqmiﬂisﬂau LaNiO5 ﬁﬁﬁé’wma 40kx (Ozbay and Sahin, 2017).

Bevilacqua kagamy (2006) LAIN15ANYI8 NS WA ENITHIATIEN
a15U52nau LaNiggFeq 405 Aadagruinewasaudanialni mewmealianisdansiei 3 wuu
A® 15 Glycine-nitrate synthesis 75 Gel-citrate complexation route La g7 5
Coprecipitation route wé’qmmfuﬁﬁlﬂﬁﬂwﬁgmﬂiﬂaLﬂ%‘laﬁﬂmngmLuu‘uaﬁﬁlﬁﬂ%
(CuKa) wazAnwinsunluiivesian wudl nsduasizansusenau LaNipsFea0s 1835
Tnadu-luimsn (Glycine-nitrate synthesis; GN) azfipannigasgil 1100-1400 sarnisaidea
feagihlsilalassadrsuuy Rhombohedral usifeniigamginingt 1100 ssrniwaidoa v
fanaflansuseneuidilivihufiSewaney SmiuiBnisdaasizituuea-Binsn (Gel-citrate
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28

complexation route; GC) Lazisn1sanaznausau (Coprecipitation method; CP) az@13130
AnigniaReIvedlaseaialuy Rhombohedral lailgaumaiinindt fie ansaialansus
H199auil 700-1400 arwaidua wandlanagun 2.16

mﬂgﬂ‘ﬁ' 2.17 wanan1s@nwanisulni1vesaisusenau LaNipsFeoqOs
shemalianisdansizd 3 35 nuin masduangiseisiunnistu aglien nilidid
wulthumilouitu dufte maunuasluifigumgfiadu fuavhlilassaiaadosinntu dwa
1ﬁmﬂﬁﬂﬁ1w%qﬁu Fernmsunlnivesansusenay LaNipsFeoqOs 1a 3 354 agilAinig

Wnlniinasiian Wewnuaaluigaumgll 1400 srwaidya



(A 6N
) - 1 N -aead

| I \ I A GN-1300

1 ‘l I A GN-1200

1 A T J A GN-1100

IA GN-1000
lh e N GN-700

T T Bl T T T
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26 (°)
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A e

GC-1400
! L1 l - " "

- k l GC-1300
gL e - N - “
2]
Z GC-1200
g 1 &Nl A - "
o H | GC-1100
k GC-1000
L A A
A GC-700
A A A, A
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A
(T Y YT

| I \ CP-1100
i bt U L i el

CP-700

Counts (u.a.)

LA A_A A

20 3 40 50 60 70 80
20 (°)

g‘uﬁ' 2.16 N133AT1ENT)N1AV03a15UENBU LaNigsFep 405 1aunis
FUAT18%UUU GN @ glycine-nitrate, GC A9 gel—citrate Way
CP f@ coprecipitation (Bevilacqua et al., 2017)



GN samples
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—w— 1400°C
—4A—1300°C
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3001 o

GC samples

—¥— 1400°C
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—e— 1200°C
—&— 1100°C
—&— 1000°C

200

300 400 500 600 700
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v
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L
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'\'\'\v\pv
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—
l\l\.\.

f———-O——OM

200

300 400 500 600 700
Temperature (°C)

—w— 1200°C
—a&— 1150°C
—8— 1100°C
—&— 1050°C
—&— 1000°C

JUT 217 Ansthlviivesansusenau LaNipsFeodOs vidamunals

1000-1400 arnwaiiea tnefi GN e Glycine-nitrate, GC

citrate waz CP Aa Coprecipitation (Bevilacqua et al,, 2017)

'
€ a

Ungaunnl

)
=

AB Gel-
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Tian wagAny (2019) lavinsfnwiaisusenaussuu La(Co, Ni, Fe)Os s
delfidutanuealnedwiuwadidoimaseudsoonlesd lnetaqualnafidlasaianasora
Ineluseuy LaFey sCoo.1Nig.10s-5 (LFCN), LaNig sCoo.1Feo.105-5 (LNCF) wag
LaCog gFeg 1Nig 1055 (LCFN) N1un 158 94A3181 A 3835 Pechini method waguH3v84
asUszneuiidaaneild linuaaledluussemaundfioumgi 1000 ssmwaldea Wy
a1 3 Halus s unuiiiunstugudeieiest uguuuusaus fusedu 220
wnzUrana wvinsendnluusseinaundngumgll 1300 esrwaidoa 1Wunan 5
Falus Aeutildyinsdnuigniavesansusznoudieiad estanisdsivuressidisnd
(DX2800 CuKq 71 40 KV 30 mA) Sadulseansnisvenesimisanufouvesasusenaulng
Dilatometer (DIL 402C, Netzsch) wazinan1suilni1vesianlneids 4-probe method
WU 1)N1Av9a15UTEN0U LFCN uaneinean LNCF wag LCFN lagasusenau LFCN &
1A5385719UUY Orthorhombic @ua1sUsenou LNCF way LCFN flAs9as19uuy Hexagonal
nanafaguR 2.18 stndlsfniu eAnwiArduuszans nsveredmeaiuieuves
ansUsEnoULiLAL ﬁqgﬂﬁ 2.19 wuln A1 TEC ﬁqwaq LCFN way LNCF {unasnannnsang
loulsrquedlaueadlossusariniialeaawann Co® / NP lUds Co™ / N lumnendufiunis
L‘Uﬁ"auLLﬂaqsumIﬂuaamﬂLaaauLLasﬁﬂLﬁaiaaaumﬂaﬂwi"ﬂﬂﬂuaﬂuqqﬁ%uﬁmm TEC Wwuiu
uazAnslafinves LFON way LOPN aufstudiogumgiiisdy Suanmginssunisildh
wuuansAaaeie ptype uinmstlniiives LNCF unns1ean LFCN wag LCFN d3an1sii
1903 LNCF avanasnugumn i i uged u wanmginssunisu i wuulans (Metal
conducting behavion) Tngansunluiingandl 800 sarmiwaldoa ves LFCN wag LCFN i
Winfu 55.6 S/cm wag 737.3 S/em pnsddy daudnsiliingsaavesasusznay LNCF 7
350 perwaLEa fiAvindy 220.3 S/am FsgUil 2.20 Fermsthlatiwestaqualnadedy
Hadeddglumssmuaussans mmuesadidomaseenluiveuds
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LaCo, Fe, Ni O,
3 (LCFN)
g
> s o~
.&. LaNi  Co, Fe O
5 (LNCF)
=

LaFe(i.)(COll.l Niﬂ.lo.‘-é

(LFCN)
20 3'0 4'0 5'0 (:0 7‘(] 80

2Theta(®)

g"dﬁ 2.18 M3AN®1INNIATEY LFCN, LNCF wag LCFN sgwwaiia XRD (Tian et al, 2019)

0.020
LaNi Co, Fe O, 21.83x1(|(;‘“cl'?\'l)
o LaCoMFeo.INiMOM
0013 LaFe, Co, Ni O,

0.010 4

(LFCN)
13.42x10° K

Thermal expansion AL/L,

0 100 200 300 400 500 600 700 800 900
Temperature (°C)

U7 2.19 MINAABUNSYBNBRIMNIANNSEUTBIENSUSENDY LFCN, LNCF
uaz LCFN figamgil 25-900 arniwaifua (Tian et al, 2019)



1000

©

o “(LcFN

N
o—2

Py
T . Ga S S S S S W
pe

1004 © (LNCF)

(LFCN)

N
o
L

—o— LaFe Co, Ni O

0177701738

—o— LaCo, Fe, Ni O

08" 7017 0.1 735

4~ LaNi  Co Fe 0,

Electrical conductivities (S cm™)

017 70,1

1

T T T T T T T T T T T
250 300 350 400 450 500 550 600 650 700 750 800 850

Temperature(°C)

a

gﬂﬁ 2.20 Annsu i wesansUsenau LFCN, LNCF wag LCFN ﬁqm*ﬁm

Y

300-800 asALwaLted (Tian et al, 2019)

Vidal hagane (2015) LAYIN1SAN I8 NwaLanIgYad LaNisFeqqOs tae
d91A518%A1875 Glycine-nitrate combustion method Fomdaildae lnadu (Glycine;
CoHNO,) Fanfuntsnmwinisiand emdsluusuadiunndnady nefulnaduasiuly
Snsndiluand fail Ao Tnadu / lunsm 05, 1.0 wag 1.5 muddu wdaannnisaasise
asUszneunudadiufainauds thansilelnuealotiiionmgil 850 esmiwaidea Wy
nan 6 Falus Tuussemaund e lu@nw iganalaeiasesiansidsiuuvesssdisng
saufsenshlniiuagduyseans msvenedmneanufeuvesian damudn arsUszneu
favmpiilaseai1auuy Rhombohedral & Space group WUy R-3c wagenisuluiihgaand
gamgdl 600 s LwALTBE Y93aNTUTENBU LaNigeFeq O, fitinannisaanlnaduasluly
Sngrdanluans whdu 1.0 dewiiy 387 S/cm udhmdiuras lnadu / lunse fiuintu

a

Ay AU T2 ANENITU18AIN9ANUTOUNLAUUNIY UARNFAIRNT197 2.4
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a9 2.8 amsthlniives LaNigFeqOs 1l Tnadu / Tumse Tudndau: 0.5, 1.0 uag 1.5

G/N 0.5 1.0 1.5
O(600 °c) (S/cm) 362 387 301
O(700 °c) (S/cm) 250 373 291
O(800 =c) (S/cm) 239 360 279
Ea (eV) 0.02 0.02 0.02
Pexp (8-cm™3) 5.30 5.34 5.03
Pexp/Pthe 0.76 0.77 0.72
Average TEC(ZOO—GOO °C) (1]076 ocil) 15.26 15.81 17.22
Average TEC(600-1000 °cy (1.107¢ °C™ 1) 11.93 12.43 12.52

MnEwe) 910 “ Characterization of LaNiggFeq4Os perovskite synthesized by glycine-nitrate
combustion method”, Iae Vidal, K. et al,, (2015), Solid State lonics 269 (2015), 26.

szuiulin Jagidlassaauuuinesealndviauaumiduiniasenles (LaNio,)
afiamathlifhfiganinlassedsiiugiuvestagmoselalnduindu Snvis Arduussans
MsveeiImsaueus Aduiusiunisldauesiandidninsladuindus uregaalss
1 mMsdumanidlUlulassass Fadaluunud Ni azvinliannsausuugesensilg
vosTanuelnaliAty esnauddenud lnssaiedamuatiosfiunntu uidslinuemide
fifinmstheeadswdnangaamnssuerueudidnunldiduasdsiulunsudaasusenou
lassadauuuimesenalng {idedalmasiudssleviveansiiveadewminaingnamnssy
wAnTudmeuud uvhnisUsuAsugasadl Wiienuuiansgd uasilassaddlii
wiouhndualdiduansiasu Tunsdunseifaniiflasaiauumosendlnd fgniad
LaNi;,Fe,0s (x = 0.0-1.0) dwdufudideniunisldanutumaditomasinesnlofuosuds
gaungiviunans Uszlevidveanis@nwdingnd azilunisanaildaneduunniunisidn
suaqLﬁsmﬂqmmwmﬁmﬁmﬁﬁudwmuﬂwﬁ anUTaeaduimdniitunluilinay anuafivil
o1areliiAnsunTereyuduarauindonluaunen uagdnissadumaifiuyaniliiues
Fognanmnssudnine lnonmihndumnldle feidunsdanisvesdouuudsdy
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uni 3

ASAIUN15I8

3.1 aunsaluazansadinldlunisvnaass

wsoslenazaunsalildlun1sivseinanisnaass AIn15199 3.1-3.2

M50 3.1 Yeyaveunseslenlddmiunimaaes

(Hot plate stirrer)

\n3asile U HHEn
A30eTANSIEeULYRIS AN G
o D2 Phaser Bruker
(X-Ray Diffusion; XRD)
[Wuim 4 0 (Four Point Probe) - Ossila
LA3DITATUIALALNNSNSEAN TR 0879
T LA-950V2 Horiba
(Particle size distribution; PSD)
LATRIATITUUSUIUE R VBIETUTENAU ‘ .
' Axios PANalytical
(X-ray fluorescence, XRF)
A5 BLATIEVINSUA sulUastrd nkasau U
P9PUS DU TGA/DSC1 Mettler Toledo
(Simultaneous Thermal Analysis; STA)
ASBeInNSEEfIn8ANSaU (Dilatometer) 402 Netzsch
W AN (Furnace) GmbH Nabertherm
LSO 4 ALY (Analytical balance) BSA224S-C\W sartorius
Aouauieu (Hot Air Oven) PXR-9 WTS binder
LASDIVELUUAZLATA (Sieve Shaker) BA200N CISA
Aanaiuloansiell (Fume Hood) - GENCON
LATDIUUTUAILN1TEALUULIG (Dry Press) CY 25T CY
LASBIUANANEISHULUBANAA (Ball mill) - -
nesilisa1dviles (Vemier caliper) CD-20CPX Mizutoyo
ip3snelninszuanss (DC power supply) Agilent E3620A
wadan1sldeenuasii o31AI11 519 kA
a15UsenauLTaUsUNunIe TOPAS Software
LASBINIUENSTRA IIAINNS DU
C-MAG HS 7 KA




~ 9 A4 A g wvo Y] !
a5 7 3.1 Feyaveueiesdlefilddmsunisvaass (o)

= A ' Y a
bAIDNUD U RN
naeansIAUBANATaLLUUARINTIA Neoscope
(Scanning Electron Microscope; SEM) JCM-5000 Nikon

1317 3.2 Teyavesgunsalilddmsunisvnaes

gunsal
Tnssunansuagiiunans nseanuans
(Agate mortar and pestle) (Weighing paper)
nszawinAmdunsa-ang gailedesiuansiadl
(pH indicator paper) (Chemical resistant gloves)

ATLNTITOUARTUNA (Sieve) 230 way 325 41y | kyiawnIAuans (Glass rod)
Uninas (Beaker) 50, 100, 250 wag 500 dadans | nszuanmg (Cylinder)

Fannaa (Silica gel) laAnALTU (Desiccator)
Mevasuegiiul (Alumina crucible) nininewly (Disposable mask)
wiwan (Magnet) Youdnansaumulaa (Spatula Stainless)

dmunuised ”Lé’ﬁ’miﬁﬂmm’mLf’lulﬂiﬁﬂumiﬂ%’uLU?{EJuquﬂﬁmaaLwﬁﬂﬁLﬂu
‘UENLﬁEJﬁ]ﬂﬂqmﬁﬂ%ﬂiﬁmmﬁ@]‘%ﬂﬁiu&'1148‘1.!&5 AnwignienazUSunawesinnia lnen1siduans
ﬁﬁqmeﬁmﬂmiﬂizﬂaumﬁmjﬁmimiﬁlé’mﬂmsﬂ%’uLﬂ?{auqmmﬁ aglum LRUg B-site
94 LaNiO; fidaiasgiisnoufazeluanuzvasauds (Solid state reaction) Ingansiadiil

Tlun15MAane LanIPINISIeN 3.3-3.4

M13197 3.3 Toyavesasad i ldd msunisusuldeugasindvounaniiiuvends

PREMNTIUHARTUA IUE UL UG

36

Yossiall gasiadl HHEn
g da . ANENNTTUHANT U IY
WwianyUuvaads (Fe-lron waste) - .
YUY
lfeulansonlen muusans 99.0% )
_ , NaOH QR&C
(Sodium Hydroxide)
nInlalnsAaesn ANULTNTU 36% Laguinin o
HCL Ajax Finechem

(Hydrochloric acid)

nIALUATN AUTNTU 70% Laedwiln (Nitric acid) HNOs Ajax Finechem




A15199 3.4 Feyavesansiallilddmiunmsduaseiaisuszneulagds Solid state reaction

Uszian d191Adl gasiall | AUUIENS KHER
_ nNsUSULUABUENS
Iron (Ill) Oxide Fe,0s 99.0% - » *
L, LATIUDILUNAN

A15619911 : ——
Lanthanum (Ill) oxide La,05 98.0% Ajax Finechem
Nickel (Il) oxide NiO 99.0% BDH

fna1e | Ethanol C,HsOH 95.0% Liquor

3.2 350159108949
3.2.1  NISHHSUUNIAIDENY

ave1n 3 30U Liousnwudneanindsuutoudesiu Mnduihnamdniiunsdiaiug
ugaseusiman WWeuliuisiigamad 100 esruwaidoa unan 24 Falus uagsinig
nvEeUUT N In Nl AT s innn95095sd@18n4 (X-ray fluorescence; XRF) uanslddsgy
7l 3.1 WiedangimUinasauaresddsenouluaisions sanadeuignialagld
\3oeTnnsiaeunvesssdiind (X-ray diffractometer; XRD) LLavaé’ﬁquﬁ 3.2 levinnig
Ainsgifigamgiivies neldsruvageInia fununmduneunariinmaassdmiums

dnananiidureudsngnainnIsundndudiueueud 111998

USuildsugnsiniiveaveadenunainana1vinssunandudiugueud wandlangui 3.3

E‘Uﬁ 3.1 1p509 X-ray fluorescence S PANalytical i;u Axios
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E‘U‘ﬁ' 3.2 1504 X-ray diffractometer S0 Bruker iqlu D2 Phaser

YOUFUMANINYNANNTTUNERTUA UL TUEUA

v
a9
v ] @
AN ILLILVIAN
v
DULIILAL T DUNIUNLLNT
I
v v
M990 UUSUINE LAY XRF 7339a0UTNNALAY XRD

U7 3.3 ununmdunaulagisnmmasesdmiunsusulfsugasiaiives
YOUFLNUIINGAAMNTTURARTUA UL UL UA




v
a 1

3.2.1.1 MsUSunasugnsiaiivesvadeiiunaingaavnssunandusiu

gUBUA
thramdniiusimandnudeunauivarsiediszannan-as Tdun
nsnlalasaassn (Hydrochloric acid; HCL) nsalum3n (Nitric acid; HNOs) waglaireulansen
Tass! (Sodiumn Hydroxide; NaOH) Tagdstruiinuesansusazeda §99zviinisaiuanein
dwiinlanavesans lnennmahufasonad ssdsasnudndiusingg Aduanly wagvin
mananansedlidrtulasvinneludanetu wassoruiaufsetauysel nduthansd
AnUFRzeud Tueuliusftonmgfl 100 ssmeadoa Wunan 24 F2lus vdamnduyins
UpRsTiHuAToULTIieTn anarTeurtunzunTIUDY 325 1w Aeuthlunadouaud
Jesdu W amaaeuignialasiniesinnisidenuuvesssdiing asadevamiauaznis
nszemiveseymalnsiAiesinTuIAlaENINSEANEfesTIE1e uandldRaguil 3.4 uay
aveaeulassaiieganialagndesganssaldidnaseunuudeniin uanslddiguil 3.5 g

Y

v
a 1 [

WHUATLARITWAEUNSUSULUA LR SLATive e R e NN INgnann STNNARTUA LY B UA
wanalaRagun 3.6

gﬂﬁ 3.4 Lﬂdii@\‘l Particle size distribution ?jﬁa Horiba i;‘u LA-950V2

39



NeosScope

'g‘dﬁ 3.5 Scanning Electron Microscope S1e Nikon i;‘u Neoscope JCM-5000

nawianUIIANAs U ou

|
v v

NEUNTA NAUAS

[ [
v

UL

v

UALAEIDUNIUAZLNTY
v

NTIFBUAUTRVDITE0
v v v

n51980UTNNA ATIVEBUVLIALAZNITNTLINY nIEULATIAT
1ng XRD AveeunIAlag PSD an1Alag SEM

JUN 3.6 UNUN M URB UM UNSHANNIMANTIUSPRNAs oy fuasellussannga-ang

Tngn15emseuasUSENaUYad LaNiOs mieisn1sduasiey Ae Solid state reaction
F9lP oS UNI19aLLDYATUNDUNITAWATIEVANTIBE 1R IR LUT



3.2.1.2 N1589LASITAE15A2875 Solid state reaction
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MATINUANIIIDYNILALIBUHUAZUNTIUBS 325 1909 THuMTAUATIEY
FeABineg W hlvieseimeamgifiinuiise1vesasuszneu lneiedesiiaszsing
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fhetradnesesiianeideddnsiogsadlutefihanegiiun (Alumina crucible) wes
fuldansunsgrufonsergiunadufelansiiondnientds mnduiaidetaondqly
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3.2.6.1 MawwinTusuiidunnesidaeds solid state reaction
thunuiiinunsdatusuuuusauis lude 3.2.5 lyhnswandn
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3.2.7.1 mansavdeumsiilnihvastusulneeiesindaody 4 90

e uefiiunsenadn wvinisasaasuantsdle
Doy Tneidunsiaiigumgiivies Faareannsiaruinvosurisdununouiazin
neaeu lnsnsthumaaeuseduin ¢ 9a uandldfgud 3.13 T RE RO TS AR TA PR
vuwiudeu Waunuegliifutat 4 ¥y ndurhmanuuliviudeusuwistunuliuuy
adnfududuts 4 udwinsliszogvinsenitaduogd 1270 fadiuns ussfugegn
(Maximum Voltage) 7 10 Taad nszualnindn9ds (Target Current) 7 1000 lulasuoud

1%
o o

yIN9 25 AS9

45



Ossila

JUT 3.13 wsaaiansihinivesiunuimeduin 4 9a B9 Ossila
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4.1.1  msAnwiianasigiiduaisusznavluvedeiiunaingaamnssunan
Fudueueud TaelATadlaTzivsinusInuasasUsnay
namMITnTzesiUszneumaaiivestendsangaamnssundntudiug

gus Tnewnadia X-ray fluorescence iiievesAusznaudeUsunamesasusynouluveaded
mheiduesidud uansdemsned 4.1 wuiweadeaingeamnssundat udiueueuddeu
Sauazvendngranssunantiud e e uivaadng awusenauluae leseu (ron; Fe)
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YUIUYTUYIUR Iﬂf‘JLﬂia\igﬂﬂqil’aﬂgl"uu%a\15\1a|@ﬂ5ﬂ

4.1.2.1 A153LAT1ENTHN1AVDIVDUT T U1AINQ AN TTUNE A% Ud U

YTULUANDUAIIUN

m'ﬁmeﬁmﬁ'saEJ'Nsuaqsuauﬁaﬁmmﬂqmammimﬁm%udaumu
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Heflinnngaaminssunantudnemueud #un Fe Iron udiflesnuesdennnszsuiunwan
Fudrugusudfitanhnmsdnwdu dnsldfated uend uTagmaesdin savsd
isuvdedulunsrununstarivudoun iﬁ%’&Jﬁﬂé’ﬁﬂﬂﬁﬂmsé’mﬁ’mﬁmaz@méfammmﬁﬂ

Wamdndeudouannssuiunsnaniaswudaresunslutunausialy

a9



600
—— Untreated waste
g e Fe Iron PDF 06-0696
500 - ¢ Fe,0, PDF 39-1346
¢
~ 400 -
=
&
£ 300 -
w»n
=
3
= 200
¢
[ ]
100 &
0 T M | N 1 r 1
50 60 70 80

2-Theta (Degree)

JUT 4.1 nam e 1eviang XRD Yesaddeiunangnavnssunantud e e nowdal

4.1.2.2 n1shageRigniavasveadeiiinaing aaunssunang udu
gupudfirunsdrsihuasgadiousivan
dlotheadeiiinngpamnssudntudunusuiindnedeuay
gasnBwiman uasthluneaeuigniasewses XRD Aegui 4.2 nuinveadedininunisdnaay
Uszneusefindnuazifnfuivveadenddligndne udfiailiaunsassyldiusnglu 20
Uszaas 68° Temely satlidumagnisdredsiinaznisgadaousiivin azdaeriidnds
Judlousonly vilvendedauuignifdssnniuasndoulunmsliduansdeiluns
Wasuuasgaslassainsveamdnsioly

50



600
— Treated waste
® Fe Iron PDF 06-0696
500 - 4 Fe,0, PDF 39-1346
°
=i 400
<
E‘ .
= 300
=
3
=
= 200 -
) o
100 - R °
0 N 1 N I N I N 1 N I N 1 M 1
10 20 30 40 50 60 70 80
2-Theta (Degree)

JUN 4.2 HAMTIATIENAY XRD V00 UE 8NN AAMNTTUNA AT UA 1
GIUUR wé’ﬂé’wqﬁm,az@@ﬁm,l,ﬂméﬂ

4.1.3 msAnwuisenniivesvesdenunangaannssunandudmueusudiu
dsazanenInuazanatady

YBUFYIINAAMNITURFATUAIUEUYUATIHIUNITAUAD UagHIUNITOUT

oaumgfl 100 ssanwaldea ua 24 s azgnilunauduansiafiussinnnsa-ens il
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Fe(s) + ZHCL(aq) + QHZO(aq) — FeCl2~4HzO(S) + Hz(g) (7)

LNBILIAG) ammiﬁl (7); 310 “Obtention and Characterization of Ferrous Chloride FeCl,-4H,0O
from Pickling Waste Liquors”, 1ne Alcaraz, L., Sotillo, B., Marco, J. F., Alguadil, F. J,,
Fernandez, P. and Lopez, F. A, (2021), Materials Science, doi: 10.3390/ma14174840.
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uAzessniamaniunsalunsn
Fe) + HNOsaq —> Fe(NOs)s(s) + NOgg) + 2H;0(g) (8)
AH
2Fe(NO3)35) = Fe;Os) + 3N2Ox(q) 9)

MINEAR AUNTT it (8); a1n “Nitric Acid Leaching of Base Metals from Waste PDP Electrode
Scrap and Recovery of Ruthenium Content from Leached Residues”, 1lag Ahn, J.
W., Chung, D. W., Lee, K. W., Ahn, J-G., and Sohn, H. Y., (2011), Materials Transactions,
Vol. 52. 1063-1069 LLazaumiﬁ' (9); 210 “Thermal decomposition of Fe(m) nitrate
and its aerosol”, T e Gadalla, A. M. and Yu, H-F., (1990), Journal of Materials
Research volume 5, 1233-1236.
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High Temperature Materials and Processes. 169-173.
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1.2 LFO: a = 10.53x10° — LNFO

— LFO

Thermal expansion coefficient (x10°/°C)

| e I by I ' I < I ' 1 v
200 400 600 800 1000 1200 1400
Temperature (°C)

U 4.17 nan15infduUsEAnS MIvenedinnemILsouasas LNO, LNFO
waz LFO g Dilatometer
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A15097 4.8 ANduUsEAVS N1svEefnANeuveswive dwsuiandidninsladluad

WomAwlaveda

ANFUUTEANSNSVENEAMNIIANNT DU

Tandianinslad leNan5en9d9
X10"¢/K gamniinagau (°C)

CesSmo.201 9 12.0 25-1000 Sameshima, S. et al. (2002).
Cegglag0;9 12.0 25-1000 Sameshima, S. et al. (2002).
CeoGdo201 9 12.7 30-1000 Tietz, F. et al. (1997).
CenoSro1019 13.1 30-1000 Tietz, F. et al. (1997).
CeosGdo15r0.101.85 12.9 100-900 Tietz, F. (1999).
AroasVossO1s 10.9 30-1000 Tietz, F. et al. (1997).
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guens) inlfifuansdeiulunsduaneiianiidlasasanesendlng #o LaNipFe,Oss i
0 < x < 1 laganansnagunamsIdelddelu
511 msvduidsugasiadivaundniiiuvandsangasmnssuniadudou
g1uEUn lagujiseaiivainsanaseng
msUfuasugasieiinnvesndnseasied leun nsnlelasnasin nialu
n3n warladoulensonled il olildarsuseneumdnainlug nud arsedvia 3 oiin

aaa =

au1sausuldsugnsiadld densalalasaasinidovirufisenaddunandn azla

=

d13U32nou FeCl,-4H,0 uay FeO(OH) dlaiiivalansonlas ioviufAsenaiifunsnin
azldansusznou NaFeO, wag Fe,0s 8 limnziunsinluduasziansnaiu dwiunse
lusdn Mhufisensiifunavan agldigniaienves Fe,0; auysal dsenansathluléidu
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nsthudaesesiansiagds Solid state reaction Traimudn ansuseneuiugiu LaNiOs uay
415U52n0U LaNigsFeq aOss (FLAvasiiasaswmdnlutsanm x = 0.4) Wamwaaleild
9aunndl 800-1200 ssawaldoa lilannsaiAnaisszneuigaiaieils diuasusznou
LaFeO; fwuaalerifigamad 1200 ssrwaldoa asinigniaielessauysal Tedud
meNansATIEilaglusunsu Topas nulassasianesenalndves LaFeOs 100 Wasidus

513  amsihlwiesstuny

a

Fuau LaNiOs M un1siiniinfigamani 1200 ssriaaidya aeilanisi
Tnihgegawindu 362 S/cm Tlgaung 150 ssrwaldea Fegendnuaundnisiiesieman
TuuSuna x = 0.4 (LaNig sFeo4Os.s) NiAMITUN NG 9aaNes 42 S/cm Ngaungi 525

IANWAYE @UTUIU LaFeO; hiausatnlninla
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Formula Fe d 20 1 fix
Name Iron 2.02680 44.674 100 1 1 0
Name (mineral) Iron, syn 1.43320 65.023 20 2 0 0
. -, . 1.17020 82.335 30 2 1 1
Name ferrite, bainite, ledkunite
(common) 1.01340 98.948 10 2 2 0
0.90640 116.389 12 3 1 0
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Lattice: Cubic Mol. weight= 55.85
S.G.: Im-3m (229) Volume [CD]=  23.55
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Dm=
Vicor = -1.000
a= 2.86640
ab 100000 |47 2
b 1.00000

Color: Gray, light gray metallic

General Comments: Total impurities of sample <0.0013% each
metals and non-metals

Additional Pattern: See ICSD 64795 (PDF 01-085-1410)
Temperature Of Data Collection: Pattern taken at 25 C

Sample Preparation: The iron used was an exceptionally pure
rolled sheet prepared at the NBS, Gaithersburg, Maryland, USA.,
[Moore, G., J. Met., 5 1443 (1953)]. It was annealed inan
tmosphere for 3 days at 1100 C and slowly cooled in a He
atmosphere

General Comments: y-Fe (fcc)=(1390 C) 8-Fe (bcc)

General Comments: Opaque mineral optical data on specimen
from Meteorite: RR#2R#e= 57.7, Disp.=16, VHN=158 (mean at
100, 200, 300), Color values=.311, .316, 57.9, Ref

: IMA Commisssion on Ore Microscopy QDF

Primary Reference

Publication: Natl. Bur. Stand. (U.S.), Circ. 539
Detail: volume IV, page 3 (1955)

Authors: Swanson et al.

Radiation: CuKal Filter: F
\l_?'lavelengt 154060 d-spacing:

SSFOM:  222.1 (0.0045,6)




Pattern: PDF 39-1346 Radiation: 1.54060 Quality: Star (*)

Formula Fe2 O3 d 20 1 fix
Name Iron Oxide 5.91800 14.958 6 1 1 0
Name (mineral) Maghemite-C, syn 4.82200 18.384 5 1 1 1
Name 3.74000 23.772 6 2 1 0
(common) 3.41100 26.103 6 2 1 1
2.95300 30.241 36 2 2 0
2.78400 32.125 3 2 2 1
2.64350 33.883 3 3 1 0
Lattice: Cubic Mol. weight = 159.69 251770 35.631 101 3 1 1
SG.: P4132 (213) Volgme [CD]= 5825 241190 37.250 2 > > >
g:‘n; iR 2.31630 38.848 2] 8 2] o
Vicor = 1.400 2.23200 40.378 2 3 2 1
a= 8.35150 2.08860 43.285 17 4 of o
2.02550 44.705 2 4 1 0
1.96850 46.072 2 3 3 0
2> 1.00000 [Z " 1.82240 50.008 3 4| 2| 1
c/b 1.00000 1.70450 53.734 1 4 2 2
I 1.67030 54.926 2| 4 3] o
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Sample Source Or Locality: Sample from Control Data as used in 1.52480 60.687 3 5 2 1
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g:r:r;tlzlrlgrs:)]:fatt?og?g;gés g:'lcf)c::l(?é:esngem upon preparation R0 it z 5 s L
(Bemal et al.) 1.39190 67.203 2 4 4 2
it~ 0T | e " -
G., North Dakota State University, Fargo, North Dakota, USA, 1.35470 69.307 2 6 1 1
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gztstzzédAddltlonal weak reflections [indicated by brackets] were 130420 72.403 > 3 7 0
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1.25900 75.444 3 6 2 2
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Publication: 1CDD Grantin-Aid L0630 o 24 & 4
Authors: Schulz, D., McCarthy, G., North Dakota State 1.19310 80.426 2 6 3 2
University, Fargo, North Dakota, USA. 1.18100 81.422 D) 7 1 0
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Radiation: _ CuKa Filter: M 108720 90229 8l 4 9 A
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Formula Fe CI2(H20 )4 a2 [1]n a 20 [1]n
Name Iron Chloride Hydrate — —
Name (mineral) 49001 16131 [ 517 1 9 44187 40 1
Name 532131 16646 100 0 204801 44.187| 40 0
(common) 438711 20205 | 578 -1 20392) 44.387( 52| 1
4359 | 20353 | 238| 1 20392) 44387( 52| 1
396711 22393 783 1 20198 [ 44 843 37| 1
Lattice: Monoclinic Mol. weight = 198.81 39671 59303 | 783] o 19819] 42| as] 5
SG.: P21/c (14) Volume [CD]=  334.98 2 3
Dx= 35870 24801| 13 0 19819 ss.7a2| 43| 2
Dm= 34716 1.9634
Moo BB 6| 25639 181] -1 4 46007| 8| 2
a= 5.88500 3476 5630 181] 0 ErEE
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beta = 34293 1.9502
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27723) 39264 [ 224 1 18819 48 323 26| 2
27221 1.8754
: 32876 114| 2 48501| 41| 3
ICSD Collection Code: 009198 3 6
Temperature Factor: ATF 2»6599 33671| 95| -1 18558 49.051| 40| 2
Temperature Factor: ITF
Article Title: Nouvelle Determination de la Structure du Chlorure | 265% | 33671( 95| 0 183001 49.786| 103| -1
de Fer(ll) Tetrahydrate
264741 33909 19 1 183001 49.786) 103| 3
261741 34230 124 | 1 18213 50.035| 28| -1
25637 34970 37 2 181821 50.219| 14| 1
2481 | 36160 03[ 0 18031  s0.81| 14| 2
22891 39319| 38| 0 17935 | s0.871| 83| 0
225941 3967 57| -2 178% | 50983 66| 3
2229 | q0416| 47| 2 V7B 1478| 25| 3
219381 41.117| 444 | 2 17737 51478 25| 0
Structure 21935 17493
cture 41117 | 444 | 1 s.250( 5| o
Publication: Acta Crystallogr., Sec. B J J
Detail: volume 27, page 2329 (1971) 2-1792 41386 | 434 2 1-7341 52724 | 152| -2
Authors: Meunier-Piret, J., van Meerssche, M.
Primary Reference 21262 ) 45481] 207| 1 173471 52 724 152| 0
Publication: Calculated from ICSD using POWD-12++ 31960 17190
12621 42.481( 207| 0 71481 53.389| 12| -3

Radiation: CuKal Filter: Not specified
\tl,\.lavelengt 1.54060 d-spacing:

SSFOM:  74.5(0.0081,50)
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d 26 fix h d 26 fix h d 26 fix h d 20 fix h
17148 53389 | 12| 2 147100 63.152| 33| 3 13383 70278| 2| 4 12240 77.997| 5| 3
17048 53723| 27 1 146231 63571| 22| 3 13298 70795 | 12| 2 122401 77997 5| 2
17048 | 53723| 27 -1 14623 63571| 22| 3 132981 70795 | 12| o 12188 48| 4| 2
168711 54333| 23| -2 145920 6a016| 2| 3 132221 71264 | 12| 3 12188 48| 4| 3
168191 54513| 14 1 14510 64120| 3| 0 13222 71264 | 12| 0 12170 78940 6| 2
16747 54768 | 21| 2 14410 64623 9| 4 131781 71534| 8| 3 12117 .940| 6| -1
165081 55638 23| -1 140 eacas| of 3 130871 72114 3f 2 1207 man| 3| 2
16423| s5919| 6 -3 14324 65.061| 4| 2 130871 72114] 3f 120571 7414 5| 1
163421 66244 57/ -1 14248 65.450| 4| 2 13011 72603 2| o 12033) ;04| 3| 4
16342| 56044 57| 0 14218 es.619( 12| 4 13011 72603 2| 1 12003 mpaa| 2| 2
162971 56412 36| 1 14142 66.007| 12| 4 129301 73132 2| 4 11960) s0.184| 6| 0
162971 56412 36| 3 141131 66.128| 12| 0 12891 73354| 6 2 119691 ;0,184 6| 2
161331 57015| 31| -2 14060 66.439| 20| 2 12871 73520| 5[ 3 11903 ;.6a7| 7| 4
1613 57015 31| 3 140601 66.439| 20 -1 128091 73936 31| 3 11903 ) s06a7| 7| 4
159241 57856 | 15| 2 1.3878) 67.424| 36| 2 128091 73936 31| 3 118551 1046 5| 1
158891 57906 9 -1 13878 67.424| 36| 1 127791 74134 | 21[ 2 11828 g1302| 9| o
157991 58360( 18| 1 138611 67517 44| 4 12732 74404| 9| 4 11824 g1.302| 9] -1
1549¢ soe24| 14| 0 138 67670 27| 12730 70044 of 2 L1755 ssea| 4| 1
152591 60636 | 24 -2 13793 67.895| 14| 2 12715 7a570( 6| 2 11742 g1.902| 4| 4
152531 60636| 24| 0 137931 67.805| 14| 3 12678 74858| 9| 3 11723 @ 153| 3| 5
15213 60838 133| -3 13757 eg100f 11| 1 126111 75003 5[ 0 11682) g 500 9| 1
152131 6038 [ 133| 1 13748 s.161| 11| 3 12578 75545 7| 4 11682 g 500| 9] -1
15131 61284 | 24 -3 137091 68.372| 59| 1 125371 75820 4| 3 116221 g3.06| 6| 2
151131 61284 24 -1 137091 6g.372| 59 -1 12398 | 76820 31{ 3 11622) g3.006| 6| 0
150731 61436| 26| -3 136781 65.903| 19| 4 12398 | 76820| 31| 4 1159 262 7| 5
15038 61625| 13[ -2 136781 68.903| 19| 2 12550 77164 | 7| 4 11553) g3628| 9| 3
15038) 61625| 13| 3 13488 69.660| 18| 4 122 77377| 4 11553 g3628| 9| -3
148431 62522 7| 0 134881 69660 18| 2 12288 | 77635| 5[ 2 115371 @769 9| 3
14701 63152| 33f 4 134671 69.776| 12| 1 122601 77843| 5| 3 115371 &3.769| 9| 3
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Pattern: PDF 75-1594 Radiation: 1.54060 Quality: Calculated

Formula FeEO(OH) d 26 1fix h
Name Iron Oxide Hydroxide 7.41048 11.933 999 1 1 0
Name (mineral) 5.24000 16.907 833 2 0 0
Name 3.70524 23.998 13 2 2l o
(common) 3.31407 26.831 393 1 3 0
2.90458 30.758 3 1 o] 1
2.62000 34196 244 4 of o
2.54040 35302 604 2 K
Lattice: Tetragonal Mol. weight= 88.85 247016 36.340 82 3 3[ o
SG: 14/m (87) Volume [CD]=  332.02 > 34340 33337 7 o Y
~ 3 228592 39385 151 3| 0] 1
Weor = 2.790 2.09523 43.141 7 3 2 1
a= 10.48000 2.05530 44022 41 1 5| 0
o= 302300 ) N )
b 10000 |2 ¢ 179731]  50.755 7 3| 5| o
:‘b 0.28845 174667 52337 150 6 of o
1.72247 53.129 50 B o] 1
1.65703 55403 30 6 2l o
163633 56.166]| 230 2 5] 1
ICSD Collection Code: 031136 1.51150 61.278 55 0 0 2
Remark From ICSD/ICSD: ATOM H 1+1  8.00 Atoms not 1.49686 61.943 12 6 1 1

located in unit cell
Test From ICSD: Calc. density unusual but tolerable 148210 62.629 27 1 1 2
Test From ICSD: No R value given 148210 62.629 27 1 71 0
145331 54.015 43| 4 6] 0
1.43929 84714 151 s| 4] 1
1.39953 66.789 2 2 2] 2
1.38789 67423 3 3 8| 1
1.37522 65.129 41 1 3| 2
1.34162 70.081 2 7 o] 1
1.30925 72.080 30[ 4 o] 2
130825 72.080 30 8 of o
S 1.29970 72,694 5] 2 7] 1
P:E&rdin: Mineral. Mag. J. Mineral. Soc. 1.28528 73371 17 3 3 2
Detail: volume 32, page 545 (1950) 1.27020 74 665 7 2 4] 2
él!‘*m: MacKay, AL. 1.23508 77071 20| 6] 6 0
nmary Reference

Publication: Calculztad from ICSD using POWD-12++ 1.22644 77.817 of 8] 5] 1
1.21828 78.438 15 1 HIE
121828 75438 5] 7| 5| 0
Radation:  Cukal Filter Not specified 119416] _80340( %61 8 1| 1
’vtvam 154060 d-spacing: 1.17116 82.253 6 4 4 2
117116 82.253 6] 4 s] o
SSIFOM:  196.7(0.0045.34) 115732 83.455 [ 3| 5| 2
1.15732 83.455 14 1 9 0
1.14296 84745 G of 2
1.13659 85.333 3 3 8| 1
T11671] 87227 o] 8| 2] 2|
1.10469 88.421 1 3[ 9] o




Pattern: PDF 82-1495 Radiation: 1.54060 Quality: Calculated

Formula Na Fe O2 d 20 1 fix h |
Name Sodium Iron Oxide 5.36057 16.524| 1000 0 0 3
Name (mineral) 2.68028 33.404| 145 0 of 6
Name A . 2.58323 34.698 211 1 0 1

Sodium iron(lll) oxide - a

(common) 2.48870 36.060| 246 0 1 2
2.19341 41.120 945 1 0 4
2.03004 44,599 50 0 1 5
1.78686 51.074 7 0 0 9
Lattice: Rhombo.H.axes Mol. weight = 110.84 1.72656 52.993 176 1 0 7
SG.: R-3m (166) VoIEme [cD]= 127.2 150423 07780 r— S r =
g:(n; 1.51105 61.298 190 1 1 0
Vicor = 3.950 1.45437 63.963 129 1 1 3
a= 3.02210 1.37018 68.414 41 1 o 10
1.34014 70.170 20 0 o] 12
:/: 1608170 7= 3 1.31628 71.635 44 1 1 6
= 100000 1.30430 72.397 27 0 2 1
b 532137 1.29161 73.223| 16| 2| 0| 2
i 1.27634 74.245 61 0 1 11
1.24435 76.492 66 0 2 4
1.21212 78.914 13 2 0 5
ICSD Collection Code: 075588 1.15380 83.767 14 1 1 9
Note: Rietveld profile refinement applied 1.13708 85.287 33 0 2 7
X?urzl;;eﬁtt;resizcutjor; (Ij-lt;::nterca lation from sodium iron oxide 1.11841 87.062 6 1 0 13
Wyckoff Sequence: ¢ b a (R3-MH) 1.09670 89.236 30 2 0 8

ANX: ABX2

Structure
Publication: Mater. Res. Bull.
Detail: volume 29, page 659 (1994)

Authors: Takeda, Y., Nakahara, K., Nishijima, M., Imanishi, N.,

Yamamoto, O., Takano, M.
Primary Reference
Publication: Calculated from ICSD using POWD-12++

Radiation: CuKa1 Filter: Not specified
\rll\.lavelengt 1.54060 d-spacing:

SSFOM:  999.9 (0,23)




Pattern: PDF 40-1139 Radiation: 1.54060 Quality: Indexed

Formula Fe2 O3 d 28 1 fix 1
Name Iron Oxide 11.89000 7429 61 0 of 3
Name (mineral) 5.94000 14.902 41 0 of &
Name 4.92400 18.000 s 1 o] 2
(common) 4.44300 19.968 11 1 0| 4
4.16200 21.331 FIE of| s
3.61400 24 613 6] o 1| 7
2.97420 30.021 61 of of 12
Lattice: Hexagonal Mol. weight = 159.69 295800 30.189 41 1 1 0
SG- P(O) mamiac il 287060 31131 01| 1] 1] 3
Dm = 274110 32642] a1 1] o] 1
INcor = -1.000 264850 33817 101 1 G
a= 552000 255510 35.092 31 2[ o] 1
o= 3560000 2.46220 36.462 41 2[ o] 4
b o000 |2° 2.37400 37.867 ME e
= - 2.37400 37.867 44 o] o] 15
cb g 02872 2.28900 39.330 21 1 0f 14
= 2.28900 39.330 21 2] o] 7
207110 43 669 23] 2 o] 10
1.87300 48.569 6] 2[ o] 13
1.85400 49.099 8] 1 [ 15
1.81030 50.366 8] 1 2] 7
1.70780 53.622 21 30 o] o
1.68220 54 505 19 2] of 16
1.66280 55.195 16 2| 1| 11
1.64140 55.977 21 3 o] s
1.62380 56.638 ] of 2| 17
1.56850 58.827 s 3[ o] s
1.48710 62.395 6] o of 24
1.47900 62.775 51 2l 2] o
146770 63.314 1B 2] 2] 3
1.43530 64.916 6] 2 2] s

Primary Reference

Publication: Ukr. Khim. Zh. (Russ. Ed.)
Detail: volume 52. page 704 (1936)
Authors: Novosadova, E., Belous, A, Pashkova, E., Antishko, A.

Radiation: CuKal
Wavelengt 1.54060
h: ’

SS/IFOM:  6.5(0.035,129)

Fikter: Not specified
d-spacing:




Pattern: PDF 83-2034 Radiation: 1.54060 Quality: Calculated

Formula La(OH)3 d 20 1 fix h
Name Lanthanum Hydroxide 5.66987 15.617 999 1 0 0
Name (mineral) 3.27350 27.220| 554 1 1 0
Name 3.18737 27.971 828 1 0 1
(common) 2.83493 31.533 126 2 0 0
2.49497 35.967 48 1 1 1
2.28365 39.426 516 2 0 1
2.14301 42.132 92 2 1 0
Lattice: Hexagonal Mol. weight = 189.93 1.92700 47.124 86 0 0 2
S.G.: P63/m (176) Volgme [CD]= 143.06 188996 18,105 T80 3 0 0
gfn; 1.87293 48.571 451 2 1 1
Vicor = 6.860 1.82451 49.946 68 1 0 2
a= 6.54700 1.69690 53.994 1 3 of 1
1.66063 55.273 133 1 1 2

c= 3.85400

o000 |2+ 2 1.63675 56.150 66 2 2 0
= : 1.59368 57.808 37 2 0 2
b 458867 1.57254 58.661 39 3 1 0
1.50652 61.502 1 2 2 1
1.45600 63.883 119 1 3 1
1.43290 65.038 43 2 1 2
ICSD Collection Code: 200090 1.41747 65.835 17 4 0 0
Remark.Fron.l ICSD/CSD: ATOM H 1+1 6.00 Atoms not 1.34931 69.624 93 3 0 2
e r 133034]  70764] 32| 4] 0] 1
Additional Pattern: See PDF 00-036-1481 1.30076 72.625 17 2 3 0
Cvrtgllg fl—lg:q Eg:;ur:lctr(%nﬁzs/ I:/T) the lanthanide trihydroxides 1.25291 75.876 38 1 0 3
ANX: AX3 1.24749 76.265 49 2 2 2
1.23727 77.009 57 4 1 0
1.23245 77.366 99 2 3 1
1.21835 78.432 28 3 1 2
1.19587 80.201 1 1 1 3
1.17805 81.669 1 4 1 1
1.17013 82.341 40 2 0 3
1.14183 84.849 14 4 0 2
— 1.13397 85.577 6 5 0 0
Purgl(i:cl:a::)n: J. Inorg. Nucl. Chem. 1.10185 88.709 58 2 1 3
Detail: volume 39, page 65 (1977) 1.09117 89.811 15 3 3 0

Authors: Beall, G.W., Milligan, W.O., Wolcott, H.A.
Primary Reference
Publication: Calculated from ICSD using POWD-12++

Radiation: CuKa1 Filter: Not specified
\rll\'lavelengt 154060 d-spacing:

SS/FOM:  999.9 (0,30)




Pattern: PDF 47-1049 Radiation: 1.54060 Quality: Star (*)

Formula Ni O d 20 I fix
Name Nickel Oxide 2.41200 37.249 61 1 1 1
Name (mineral) Bunsenite, syn 2.08900 43.276| 100 2 of] o
Name 1.47680 62.879 35 2 2[ o
(common) 1.25940 75.416 13 3 1 1
1.20580 79.409 8 2 2 2
1.04430 95.058 4 4 of o
0.95830 106.993 3 3 3 1
Lattice: Cubic Mol. weight = 74.7 0.93400 111.122 7 4 2 0
SG.: Fm-3m (225) Volume [CD]=  72.88
Dx=
Dm=
Vicor = 6.150
a= 4.17710
ab 100000 |%= 4
b 1.00000
Color: Green

Sample Source Or Locality: Sample obtained from J.T. Baker

Chemical Corporation

Sample Preparation: Sample annealed for 72 hours at 1100 C
General Comments: Average relative standard deviation in
intensity of the 5 strongest reflections for 3 specimen mounts =

1.1%

General Comments: Validated by calculated pattem
Additional Pattern: To replace 00-004-0835

Optical Data: B=2.27

Primary Reference

Publication: ICDD Grant-in-Aid

Authors: Martin, K., McCarthy, G., North Dakota State Univ.,

Fargo, ND, USA.

Radiation: CuKal

‘,(‘.’a"e"’"g' 1.54060

SSFOM:  275.8 (0.0036,8)

Filter: M
d-spacing:
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Pattern: PDF 79-2451 Radiation: 1.54060 Quality: Calculated

Formula La(NiO3) d 20 1 fix h
Name Lanthanum Nickel Oxide 3.83723 23.161 312 0 1 2
Name (mineral) 2.72865 32.795| 1000 1 1 0
:12':1:10“) Lanthanum nickel(Ill) oxide 2::?22; 2:;: 10(1)2 1 (1) :
2.22374 40.534 248 2 0 2
2.19103 41.167 87 0 0 6
1.91862 47.342 559 0 2 4
Lattice: Rhombo.H.axes Mol. weight = 245.6 1.77005 51.594 4 2 1 1
SG.: R-3c (167) v°|.:me [CD]= 339.07 172380 53,085 m - 2 >
g’;; 1.70843 53.600 62 1 1 6
Vicor = 6.220 1.57539 58.544 180 3 0 0
a= 545730 1.56947 58.787| 336 2 1 4
1.55213 59.509 152 0 1 8
:/: L 7= 6 1.47756 62.843 1 1 2 5
- 500000 1.36433 68.749 131 2 2 0
ob 5 40892 1.34914 69.634 133 2 0 8
1.30433 72.395 3 1 3 1
1.29433 73.044 1 2 1 7
1.28549 73.629 24 3 1 2
ICSD Collection Code: 067717 1.27908 74.059 31 3 0 6
Note: Rietveld profile refinement applied 1.26654 74.918 12 1 0 10
/T\ZL"iﬁﬁL?fEZEan‘f’EQFPDF 01-088-0633 w1754 Lt . . 1.
Avrticle Title: Neutron-diffraction study of RNiO3 (R= La, Pr, Nd, 1.20938 79.128 113 1 2 8
ir:glaierct;rao:;ﬁanjlz induced structural changes across the metal- 117310 82,088 > 3 1 5
Wyckoff Sequence: e b a (R3-CH) 1.16290 82.966 18 0 4 2
ANX: ABX3 1.15815 83.382 38 2 2| 6
1.14881 84.214 20 0 2| 10
1.11187 87.704 54 4 0 4
1.09552 89.358 19 0 ol 12
Structure

Publication: Phys. Rev. B: Condens. Matter

Detail: volume 46, page 4414 (1992)

Authors: Garcia-Munoz, J.L., Rodriguez-Carvajal, J., Lacorre, P.,
Torrance, J.B.

Primary Reference

Publication: Calculated from ICSD using POWD-12++

Radiation:  CuKa1l Filter: Not specified
\r?‘lavelengt 154060 d-spacing:

SS/FOM:  999.9 (0,31)
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Pattern: PDF 89-0596 Radiation: 1.54060 Quality: Calculated

Formula Fe2 O3 d 26 1 fix h |
Name Iron Oxide 3.68492 24.132| 234 0 1 2
Name (mineral) Hematite, syn 2.70248 33.122| 999 1 of 4
Name - 2.51850 35619 652 1 1 0
Iron(lll) oxide - a
(common) 2.29517 39.220 16 0 0| 6
2.20800 40.836 184 1 1 3
2.07926 43.489 23 2 0 2
1.84246 49.427| 284 0 2 4
Lattice: Rhombo.H.axes Mol. weight = 159.69 1.69640 54.011 353 1 1 6
SG. R-3c (167) \l;::I:me [CD]= 302.58 163705 56.130 . > " 3
Dm = 1.60121 57.511 69 0 1 8
Vicor = 3.360 1.60121 57.511 69 1 2 2
a= 503700 1.48702 62.398| 215 2 1| 4
1.45406 63.978| 223 3 0 0
g S 1.41464 65.984 1 1 2 5
:,b 100000 [? ° 1.35124 69.510 25 2 0 8
cb 5 73397 1.31322 71.828 67 1 of 10
I 1.30768 72.180 17 1 1 9
1.25925 75.427 42 2 2 0
1.22831 77.676 12 0 3 6
ICSD Collection Code: 082134 1.21438 78.738 9 2 2 3
?emark TLO:FECS«E/CWSE X-ray diffraction (powder) 1.20521 79.456 1 1 3] 1
Additional Patiern: See PDF 01-089-2810 19069 o2zl a1l 1] 2] &
Article Title: Effect of mechanical activation on the real structure 1.19069 80.622 31 3 1 2.
W)?Clzaffcg\:;);:;gg:(elt)(cgﬁgmnh corundum-type structure 116443 82.832 34 0 > 10
ANX: A2X3 1.14758 84.325 1 0 of 12
1.14142 84.887 55 1 3 4
1.10400 88.491 44 2 2 6
Structure

Publication: J. Solid State Chem.

Detail: volume 123, page 191 (1996)

Authors: Sadykov, V.A., Isupova, L.A., Tsybulya, S.V.,
Cherepanova, S.V., Litvak, G.S., Burgina, E.B., Kustova, G.N.,
Kolomiichuk, V.N., lvanov, V.P., Paukshtis, E.A., Golovin, A.V.,
Avvakumov, E.G.

Primary Reference

Publication: Calculated from ICSD using POWD-12++

Radiation: CuKa1 Filter: Not specified
r_lavelengt 1.54060 d-spacing:

SS/FOM: 145.4 (0.0059,29)




Pattern: PDF 15-0148 Radiation: 1.54060 Quality: Indexed

Formula LaFe O3 d 20 1 fix
Name Iron Lanthanum Oxide 3.92900 22.613 50 0 0 2
Name (mineral) 3.51400 25.325 40 1 1 1
Name 2.77800 32.197 100 2 0 0
(common) 2.62200 34.169 30 0 2 1
2.36800 37.967 40 2 1 1
2.26900 39.691 70 2 0 2
2.17800 41.424 20 1 1 3
Lattice: Orthorhombic Mol. weight = 242.75 2.10000 43.038 10 2 1 2
SG.: Pbn* (62) Volume [CD]=  243.09 196500 76.150 30 0 0 7
g:‘n_: 1.90800 47.622 4 o] 2 s
Vicor = 1.000 1.80300 50.584 20 3 0 1
a= 5.55600 1.75700 52.006 50 3 1 0
:: ;’:ggggg 1.71700 53.312 ) E D
— 4 1.60300 57.441 90 3 1 2
= : 1.51300 61.210 10 1 0 5
b 441276 1.46000 63.687 30 1 1 5
1.39100 67.253 30 0 4 0
1.38900 67.362 80 4 0 0
1.37000 68.425 30 0 4 1
General Comments: Cell made up of 4 distorted perovskite units 1.32800 70.907 30 4 1 1
Deleted By or Rejected By: Deleted by 37-1493 1.31000 72.032 40 3 1 4
1.29100 73.263 30 3 3 1
1.24200 76.663 80 4 2 0
1.22900 77.624 40 0 4 3
1.22700 77.775 30 4 2 1
1.18400 81.172 40 4 2 2
1.17200 82.181 70 3 3 3

Primary Reference

Publication: Acta Crystallogr.
Detail: volume 9, page 563 (1956)
Authors: Geller, Wood.

Radiation: CrKa Filter: Not specified
XYawlengt 154060 d-spacing:

SS/FOM: 5.1 (0.058,91)




Pattern: PDF 74-2430 Radiation: 1.54060 Quality: Calculated

Formula La2 O3 d 20 1 fix h
Name Lanthanum Oxide 3.40980 26.112 310 1 0 0
Name (mineral) 3.06495 29.112 268 0 0 2
Name . 2.97981 29.963| 1000 1 0 1
(common) Lanthanum;cxitie~A 2.27945 39.502 228 1 0 2
1.96865 46.069 297 1 1 0
1.75270 52.143 213 1 0 3
1.70490 53.720 32 2 0 0
Lattice: Hexagonal Mol. weight = 325.81 1.65640 55.426 200 1 1 2
S.G.: P63/mmc (194) Volume [CD]= 82.3 4955 o5 034 158 2 5 -
g’:n; 1.53247 60.351 21 0 0 4
Vicor = 11.330 1.48991 62.264 43 2 0 2
a= 3.93730 1.39779 66.883 15 1 0 4
1.30906 72.092 63 2 0 3
g S 1.28878 73410] 20| 2| 1| o0
2> 100000 |% ! 1.26121 75.289 93 2 TR
ob 55688 1.20927 79.136 47 1 1 4
1.18803 80.840 33 2 1 2
1.15368 83.778 34 1 0 5
1.13972 85.043 7 2 0 4
ICSD Collection Code: 028555 1.13660 85.332 32 3 0 0
Test From ICSD: At least one TF missing 1.09007 89.926 58 2 1 3

Article Title: Strukturuntersuchungen an La2 O3
Wyckoff Sequence: f2 a (P63/MMC)
ANX: A2X3

Structure

Publication: Z. Anorg. Alig. Chem.

Detail: volume 340, page 232 (1965)

Authors: Mueller-Buschbaum, Hk., von Schnering, H.G.
Primary Reference

Publication: Calculated from ICSD using POWD-12++

Radiation: CuKa1 Filter: Not specified
\ls‘lavelengt 1.54060 d-spacing:

SS/FOM:  999.9 (0,22)




Pattern: PDF 88-0637 Radiation: 1.54060 Quality: Calculated

Formula La (( Fe0.4 Ni0.6)03) d 20 Ifix | h [
Name Lanthanum Iron Nickel Oxide 3.87094 22.956 312 0 1 2
Name (mineral) 2.75235 32.505| 992 1 1 0
Name 2.72223 32.875 1000 1 0 4
(common) 2.33660 38.497 16 1 1 3
2.24313 40.169 238 2 0 2
2.21070 40.784 84 0 0 6
1.93547 46.905 538 0 2 4
Lattice: Rhombo.H.axes Mol. weight = 244.46 1.78544 51.117 4 2 1 1
SG.: R-3c (167) Volume [CD]=  348.08 173881 52,501 57 - > >
g’:n_: 1.72357 53.093 56 1 1 6
Vicor = 6.160 1.58907 57.992 182 3 0 0
a= 5.50470 1.58321 58.227| 332 2 1 4
1.56601 58.929 149 0 1 8
g= WS 1.49053 62.235 2 1 2 5
2> 100000 |2 ° 1.37617 68.076| 120] 2| 2| 0O
cb 5 40961 1.36112 68.934| 124 2 of 8
i 1.31567 71.674 4 1 3| 1
1.30575 72.304 1 2 1 7
1.29667 72.891 21 3 1 2
ICSD Collection Code: 084937 1.29031 73.309 29 3 0 6
Note: Rietveld profile refinement applied 1.27788 74.141 12 1 0 10
I\ﬁnq;&e}?:li:ecrzr;zgir.sgfmure refinement and stability of La Fex 1.22816 77.687 104 1 3 4
Ni1-x O3 solid solutions 1.22008 78.300 108 1 2 8
Xv,i'f(':“"offBizq”e"Ce: Bbca(B3:CH) 1.18335 81.226 AE 1| s
1.17301 82.095 15 0 4 2
1.16830 82.498 31 2 2 6
1.15905 83.303 18 0 2| 10
1.12156 86.756 49 4 0 4
1.10535 88.355 18 0 o] 12
1.08997 89.937 1 3 2 1

Structure

Publication: J. Solid State Chem.

Detail: volume 133, page 379 (1997)

Authors: Falcon, H., Goeta, A.E., Punte, G., Carbonio, R.E.
Primary Reference

Publication: Calculated from ICSD using POWD-12++

Radiation: CuKal Filter: Not specified
\r?./avelengt 154060 d-spacing:

SSIFOM:  999.9 (0,32)




Pattern: PDF 88-0639 Radiation: 1.54060 Quality: Calculated

Formula La ((Fe0.75 Ni0.25) 03) T Ta il
Name Lanthanum Iron Nickel Oxide — ix — fix
Name (mineral) ~ig|A2e2| 4 9| B.029) 7
Name 391001 22724 | 179 153481 G0.257| 1
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Abstract

Automobiles are an important factor for the performance of everyday activities, facilitating human
transportation. As a result, Thailand’s automotive industry is growing rapidly to meet the demand for
automobiles, resulting in a high production rate. The disadvantage of large-scale production is an
increase in automotive industrial waste in large amounts of 50-60 tons per year. Landfill is used as a
traditional form of industrial waste management with an exchange rate of 1,800 baht per ton. In this
work, the automotive industrial waste (Thailand source) was studied and used as a precursor to prepare
a new chemical compound. The X-ray diffraction (XRD) analysis of the automotive industrial waste
used in the study as first priority pointed to a rich source of Fe-iron and Fe:03. The contaminated
matter in waste is washed with water and removed by using a magnet. Hydrochloric acid (HCI) and
nitric acid (HNO3) react with the automotive industrial waste to form a new chemical compound of
iron. For HCl acid, the phases of Fe-iron and Fe203 change their composition to form a new composition
of FeCly 4(H20). FeCL4(H20) shows high solubility in water with the value of 0.1 g/L at room
temperature. For HNO3 acid, the phase of Fe-iron changes the composition to form a new phase of
Fe203 which is insoluble in water. From the results, the new products (FeCl>4(H:0) and Fe:03) of
automotive industrial waste can be utilized as a flocculant in wastewater treatment, a starting material
for magnetic ceramics, coatings for drug delivery for anti-cancer drugs, and so on. The results suggested
that the reworked automotive waste served to reduce waste and the environmental impact, and to add
value to automotive waste from the automotive parts industry.

Keywords: Sustainable waste management, iron, automotive industry, solubility, alternative
chemical compound

Introduction

Metal materials are the basic raw materials for and automotive industry, among others. The
other industries (Miller et al., 2000) such as the automotive industry is one of the world’ s most
construction industry, electrical appliance industry, important industries and is increasingly important as
electronics industry, household appliance industry the world’s demand for energy is increasing in terms
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of the economy, employment, and automotive
technology development (Orsato and Wells, 2007;
Liu and Chen, 2014; Manojit et al., 2019). The main
component materials in automobiles are iron and
steel, accounting for more than 70% of the total
automobile weight (Pomykala et al, 2007).
In Thailand, the automobile industry is one of
the world’s larger automobile parts manufacturing
industries and assembly bases. The automobile is
an important factor for everyday activities in
facilitating human transportation (Preeti et al.,
2016), and consumer demand for automobiles has
increased. As a result, Thailand’ s automotive
industry is growing rapidly with a high production
rate. The high production rate leads to an increase
in the level of automotive industrial waste
(PRNewswire, 2015) caused as automotive parts are
manufactured by metal casting for use as engine
components such as bolts and screws, etc. These
parts are cut, ground, and polished to meet the
specified production standards. This production
causes automotive industry waste in large amounts
of 50-60 tons per year per small company. Landfill
is used as an alternative to automotive industrial
waste management with waste disposal costs of
1,800 baht per ton. The consequences of automotive
industrial waste in landfills is that chemical
reactions in corrosion can occur, leading to toxins
contaminating the air, rivers, and soil and posing
a danger to human health, animals, and the
environment (Geoffrey, 2003).

Nowadays, the automotive industry solves the
problem of waste disposal from production lines by
incineration, landfill, and the recovery and recycling
of iron and aluminum waste. Waste recasting of the
automotive industry comprises automotive parts,
construction materials, and starting material for the
synthesis of new products. Various studies have
investigated the recycling of waste from the
automobile industry such as Jirang and Hans. That
work reported on the recycling of aluminum from
the automotive industry by separating the aluminum
alloy using laser-induced breakdown spectroscopy
and solid-state recycling in aluminum scrap (Jirang
and Hans, 2010). This is better than conventional
remelting and can result in energy savings and
a higher yield of metal. Saeed et «l. studied the
recycling of niobium from the automotive industry
to reduce the mining costs for niobium and to reduce
the CO» gas which is generated as greenhouse gas
(GHG) emissions (Saeed et al., 2019). Helmut and
Gerhard studied the recycling and refining of
magnesium scrap by melting processes, occurring
under inhibitive gas or flux to control the factors of
annealing temperature leading to the purification of
magnesium (Helmut and Gerhard, 2002). However,
there are few research studies that examined the

recycling of automotive industrial waste. So, the
most important aspect of the recycling of
automotive industrial waste is the reduction of
traditional waste management problems from the
landfill technique and the incineration which causes
pollution of the environment.

In this work, to solve this problem, we study
the recycling of automotive industrial waste that is
generated by the grinding process. The automobile
waste was first washed by using water to obtain
a high purity of waste, before use as a next step
precursor. Before use the structural phase and
chemical composition of the automobile waste
could be identified by XRD and XRF. Then, the
washed waste was mixed and reacted with acids
(HC1 and HNO:3) and bases (NaOH) to change the
chemical composition of the waste, to form a new
chemical composition of Fe-waste. Finally, the
structural phase, particle size distribution,
microstructure, and solubility in water were
analysed by XRD, Laser-PSD, SEM and dissolution
of powder in water, respectively.

Materials and Methods

‘Waste Preparation

The Fe-waste from Thailand’s automobile
industry (Rayong province) is generated by a grinding
process. The ground waste was contaminated with
some auto parts, dust, cutting fluid, and solid
grinding stone. The waste powder was dried in the
oven at 100°C for 24 h to remove water and the
cutting fluid which is a physical liquid derived from
the grinding process. The dried waste powder was
sieved through 325 mesh (45 microns) to eliminate
some contamination from auto parts. After that. The
structural phase and chemical composition of the
Fe-waste were analysed by X-ray diffraction (XRD)
using Bruker D2 Advance with the analytical
2-theta range of 10°-80° (Step size = 0.02/step; step
time = 0.5 sec/step) and X-ray fluorescence (XRF).
After confirming a structural phase of the Fe-waste,
The Fe waste powder was washed by using the water
to remove oil and the magnetic was used to separate
a contaminant from the grinding process. After that,
the Fe-waste slurry was dried in the oven at 100°C
for 24 h to create a dark brown powder. The
Fe-waste powder was crushed and sieved through
a 325 mesh again before use as a precursor for
synthesis of a new Fe-structure.

Synthesis of the Fe-Structure from Automotive
Industrial Waste

After removing the contaminated matter from
the automotive industrial waste, the dried waste
precursor was used as a starting raw material.
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In should be noted that acids and bases are highly
reactive chemicals with reactive metals such as
Fe-waste powder. Therefore, hydrochloric acid 36%
(HCI, Ajax Finechem), nitric acid 70% (HNO3, Ajax
Finechem) and sodium hydroxide 99% (NaOH,
QR&C) were candidates as a reactive chemical to
combine with Fe-waste precursor in a chemical
reaction to form a mnew Fe-structure. The
stoichiometry of the waste powder and reactive
chemical was calculated and a weighted balance
was achieved before mixing in water. The mix
solution was soaked in a glass container for 20 min
to form a complete chemical reaction. During the
chemical reaction, there was a lot of foam on the
surface and inside of the mixture, indicating the
decomposition of the gas state. After the chemical
reaction was complete, the mixture was dried at
80°C for 24 h to remove the remaining water
and gas. Then the dried powder was crushed and
sieved through 325 mesh (45 microns) before
characterization and property testing. The flowchart
explaining the experiment is presented in Figure 1.

Characterization and Property Test

The structural phase of the new Fe-chemical
composition from automotive waste was identified
by X-ray diffraction (XRD, Bruker D2 PHASER)
with the analytical 2-theta range of 10°-80°, using
a step time of 0.5 sec/step and step size 0f0.02%/step.
In addition, a Topas-based software computer was
used for quantitative analysis.

Particle size distribution (PSD, Horiba LA-
950V2) was used to determine and characterize the
new Fe-chemical composition, and then the
microstructure of the new Fe-chemical composition
was observed via scanning electron microscope
(SEM, JEOL Neoscope JCM-5000). Finally, the
solubility in water of the new Fe-chemical
composition was measured by using the dissolution
of the new Fe-chemical composition in water at
room temperature.

Results and Discussion

Characterizations of Dried Waste Powder from
Automobile Industry

The chemical composition of waste powder
from the automobile industry was analyzed by
ED-XRF as shown i Table 1. The oxides in
Fe-waste powder can be categorized into the rich
source of iron (III) oxide (Fe 03, 97.14wt%) and
other additive oxides (2.86 wt%) such as chromium
(I1I) oxide (Cr»03), aluminum oxide (Al>O3), nickel
(II) oxide (NiO) and copper (II) oxide (CuO). From
the result, iron oxide is a key raw material for
manufacturing a wide range of steel products, but

using only iron in the production of steel often has
disadvantages such a high stiffness and high
corrosion with humidity and water. To improve the
properties of Fe-steel, the other additive oxides were
added in the manufacturing process, such as
chromium (Cr), aluminum (Al), nickel (Ni), and
copper (Cu). There are various advantages to adding
dopants into a steel. Cr metal is used for increasing
the resistance to oxidation, and the resistance
increases with an increasing amount of Cr. Al
additive matter is used as a deoxidizer and denitrizer
in steel production. Ni metal is added and mired
with Cr to form the most important class of
corrosion and heat resisting steel. Finally, Cu is
added to enhance the corrosion resistance in sea
water and sulphuric acid environments. That is the
reason why analysis results of Fe- waste powder
from the automobile industry have the iron oxide
value of less than 100wt%.

The XRD pattern of the dried Fe-waste powder
is shown in Figure. 2. The Fe metal structure was
observed in the analytical XRD pattern, consisting
of 2 crystal structures of body center cubic structure
(Lattice parameter, a= 2.86 A) as JCPDS No. 01-
1252 with Im-3m space- group symmetry at 2- theta
of 44.142° and body center cubic structure (Lattice
parameter, a = 2.85 A) as JCPDS No. 03-1050 at
2-theta of 44.833°.

Characterizations of the New Fe-chemical
Composition from the Automobile Industry

The analytical XRD patterns of the new
Fe-chemical compositions are shown in Figure 3.
The new Fe product from the reaction of Fe-waste

Waate of Sieving
sutomobie industry
{
Three, washng
[ mo. o J—" -

-

.

Dchumidificaton
Reocton

1655 o P S

Dehumidification

Figure 1. The experimental process in this work

Table 1. The chemical composition of Fe- waste (mass
fraction, %)

Fe:03 Cr203 AlLO3 Nio CuO
97.14 1.45 1.01 0.24 0.16
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powder and HC1 acid is presented in (Figure. 3(a)).
Iron chloride hydrate (FeCl,4H,0) with monoclinic
structure as JCPDS No. 71-0668 and iron oxide
chloride hydroxide (FeOOHCIl) with monoclinic
structure as JCPDS No. 42-1315 are identified as
the major components in the XRD pattern. The
Topas-based computer program was used to analyse
the amount of structural phase. In that result,
FeCly4H,0 with the value of 59.73% was higher
than FeOOHCI (40.27%). The chemical reaction of
Fe-waste and HCI was explained in Equations (1)
and (2) as follows:

Fe(+2HCly+4H,0—FeCly4(H20)+Hag)
(1)

Fe(y+HClgy+2H:00—FeOOHCl g+ 2Hag)

Figure 3(b) is the new Fe;Os structure that
resulted from the chemical reaction between
Fe-waste powder with HNOs. The maghemite with
the chemical formula of Fe-Os is presented in the
XRD pattern, indicating the complete chemical
formula of Fe-waste powder and HNO;: reactive
acid. The occurring Fe>O3 phase is a cubic structure
as JCPDS No. 39-1346 with lattice parameter,
a= 8.35 A. The Topas program also confirms that
the Fe>O3 phase is 100%. The chemical reaction
between Fe-waste powder and HNO3 was predicted
and defined in Equation (3) as follows:

2Fe(s)+HNO3)+3H200—Fe203¢)+NHzgtH2Og)+
H0) ©)]

The result of XRD from the chemical reaction
between Fe-waste powder and NaOH is shown in
(Figure 3(c)). Sodium iron oxide (NaFeO,) is
identified as the major component with an
orthorhombic structure as JCPDS No. 82-1495. The
Topas- based program was used to confirm the
complete chemical reaction between Fe-waste
powder and NaOH with 100% of the NaFeO, phase.
And then finally, the chemical reaction of Fe-waste
powder and NaOH was presented in Equation (4) as
follows:

Fe(+NaOHpy+H,Oq—NaFeOasy+3/2Hyg  (4)

The particle size distribution of the new
Fe-waste powder is shown in (Figure 4). The
cumulative mass percent larger (CMPL) and
cumulative mass percent finer (CMPF) curves
intersect at D50, indicating that the average particle
size of the new Fe-chemical composition is 6.09
microns. In addition, a size variation from 1.43
microns (D10) to 13.51 microns (D90) and

distribution range (D90-D10) is 12.08 microns.
The histogram confirmed the agglomeration of
Fe-particles. The curve is shifted to the left-hand
side, indicating that the most of synthesized
Fe-particles tend to be larger than the average sized
Fe-particle.

The microstructure of new Fe-chemical
compositions was measured using SEM at 15kV
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Figure 2. The XRD pattern of dried Fe-waste powder
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Figure 3. The XRD pattern of new Fe- chemical
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(¢) Fe-waste reacted with NaOH

o o

Frequency (%)
Comulative percent (%)

Figure 4. Particle size distribution of the Fe-waste
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Table 2.  Solubility in water of the new Fe-chemical composition

Product Amount of powder (g) Amount of water (L) Solubility in water (g/L)
Fe-iron 0.1 Insoluble Insoluble
FeOOHC] and FeCl,4(H,0) 01 1 010
(Fe reacted with HCI) . :
Fe,0s
(Fe reacted with HNO3) 01 Insoluble Insoluble
NaFeO,
(Fe reacted with NaOH) 01 Insoluble Insoluble

Figure 5. Scanning electron microscopy images of the
new Fe-chemical compositions: (a) Fe-waste
reacted with HCI, (b) Fe-waste reacted with
HNO;3 and (c) Fe-waste reacted with NaOH

with resolution of 500x as displayed in (Figure 5).
The different micrograph images of all powders
after reaction with acids and bases are non-
significant as found in (Figures 5(a), 5(b), and 5(c)).
The distribution of the new Fe-chemical
composition was shown in the form of a wide
distribution, consisting of small sized to large sized
particles. However, the SEM micrographs were

observed to show small particle agglomeration into
larger particles.

Solubility of new Fe-chemical compositions
was measured by using the dissolution of Fe powder
in water at room temperature (30°C) as shown in
(Table 2). The Fe-waste powder was shown to be
practically insoluble in water, similar to Fe;Os (Fe
reacted with HNO3z) and NaFeO, (Fe reacted with
NaOH). In addition, FeEOOHCI and FeCly 4(H,O)
(Fe reacted with HC) is slightly soluble in water at
room temperature with the value of 0.10 g/L.
However, the solubility in water can also be
explained by the intermolecular attraction. If the
solute is an ionic compound, it has a very high
attraction between ions and dissolves better in
a strong solvent than in a less polar solvent.
Therefore, ionic compounds are highly soluble in
very strong solvents.

Conclusions

The study of the recycling of automotive industry
waste to produce a new Fe-chemical composition,
can be summarized as:

1. The automotive industry waste is Fe-metal
with a high quantitative percentage of 97.14%.

2. The new Fe-products from the chemical
reaction between Fe- waste powder with HCI acid,
HNOs3, and NaOH are FeCly 4( H,O), FeOOHCI,
Fe;03, and NaFeO», respectively.

3. The average particle size of the new
Fe-chemical composition is 6.09 microns, indicating
the high chemical reaction rate to act with
surroundings because of the small size of particles.

Thus, the results suggested that the reworked
study of automotive waste completely reduces waste
and environmental impact, and adds value to
automotive waste from the automotive parts
industry.
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