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In the jewelry industry, the investment was used to produce investment mold
for lost wax casting. The popular investment for gold casting is the gypsum-boned
investment that consists of three phase including cristobalite, quartz, and gypsum as
a binder. During burning out, the dehydration of gypsum, cristobalite and quartz
inversions and lI-ll calcium sulfate transition were indicated by using several
characterization techniques. In spinel-based investment view, titanium casting can use
the spinel-based investment that consists of magnesia and alumina. During burning out
mold, magnesium acetate as binder decomposes to magnesia. When the temperature
increased, magnesium aluminate spinel was occurred by the reaction of magnesia and

alumina.

After developed the burnout cycle from consideration in the thermal behavior
of investments, the investment molds that were burned out by using new burnout
cycle, can increase the strength of investment molds and the quality of casting product
were not decreased. In gypsum-bonded investment, the new burnout cycle can
decrease burnout time in casting process. However, the smallest particle size of
investment can produce good surface quality in casting product but has a low
permeability of the mold that causes porosity defects at subsurface of casting product

and decreasing hardness on casting surface.
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nseumnszmueslunisifiauisen Tutagtulatuvsssnnnesimlivaisinsa (Karat)

£

MINAMUUTIVENIeUTIIARImesA lulaverauldlun1svinasesUseAuneg dakandly
M131991 2.1

AN19N 2.1 hEAILNTANDIAT[T]

Gold Content and Notation

USA Karat stamping Parts Gold Gold%
24K 24/24 99.9%
22K 22/24 91.7%
18K 18/24 75.0%
14K 14/24 58.3%
12K 12/24 50.0%
10K 10724 41.7%
9K 9/24 37.5%

sinesiiidnydnuwainiaeiife Au danannwiaziudl Aurum demeseglungy
Tavigns 1B (transition metal) Ineilganasuimalogiiuszuin 1060 orreaoa 90
Fonegiuszanm 2700 ssrwalda wagdanudisdime 19.3 nesiazildnvauziiseu
wazfimnumioraansaioenidunduld Tunuiiesuszduisiesdinsifusimuausig
delfandennuudausannisdudiediuanuasmlunisldau wunsfunesunsazyils
Tassadandnvemoainmsdaiieniomnesnonvamounsiuiivuaiidnniosnouros
nesUszun 11.93% vilinfumesunsdedsnaronnuudausssanisnnuudsveanesd
Raiude(s]

Tnelulugmanvnssuieealseduiealinosdunsa 18K ilosandanuudouse
uazannsaUuAsuElfnnsusgaausineg deuenanviavessiniiidenldudiinm
Fadnlunsnauidnaseauautfveslangl#dnde [9-11] Inenea 18K MUsznaude
nosnsesar7s Instninuariidiunanaugléun Gu waznewns eghsay 12.5 Wesidud

wil9ANARULIAI0E T 885-895 deA AL Tya WATAIUVUILUUTA 15.45 nFusegnulAn



WURLLAT[12] AWNBUAUNDIAIUTANTILLIANADULNAILATAMUNUIRUUNAINTT Talu
AN SUMIUILNTUTUURUUAI UNANYDIRULAZ VDAY AULNUNTNNAYDITEUUNE

ANUBIAUTENDUAIUANA 2.2

Yelowish

Whitish

1 B | \ 1 I S 1 T

Cu 10 20 30 40 30 6 7O B0 90 Ag
Silver Weight %
AN 2.2 WAL Au-Ag-Cu [13]

113910 XJ. Zhane et al.[13] Beonlddunauvemasd 75.5% Tnetmin @u

14.7% way no1uns 9.8% lelassadrsganimdusanind 2.3 sgiiuldindulaseaing
wulass ( dendritic structure) vaamaanazudnasouy wulasaidumagmninveames
waznesLasegedalaul13] ursgelsinunisinveuaulasiaiunsadauinnisiuivaes
dlavzusnasouy wulnsdlfuazdsnaliiAnsiiAnannismada (shrinkage pore) Lia

wandlun i 2.4 [12]



P e

e

i
e

NN 2.4 WEASFIURTANINITAAG[12]



2.3 Yulungududu (Gypsum-bonded investment)

Tunisvdeindnsdszdulangnestadoiifinasdrsundoquainsesiuay
ipSesUsAuia duvdananyuiililunszuiummdedsuifdosiinnuudaussnasann
pamgiilunszuiunisvde dawmsuiimunzauieliufaiiAnlunszuiunsmaeaunsa
unsnieenunld wasinvesuiidudatuilanefosdiinfifovdsiuegfurunvasoyme
Yuuazadiunause lunsusuiadnsdimvasdiunanlunayu

guﬁluﬂfjm%%’uﬁiﬂmﬂwdaLﬂ%wizﬁwmimaﬁaiﬂﬂizﬂaué’w CaS04#0.5(H,0)
(calcium sulphate hemihydrate) Usgd1as 25-30% T udiuszau (binder) wag
S0, (silica) 70-75% sintifiiuTaamuly (refractory material) F3Uszneusisasaiila
laun quartz uag cristobalite Inedndiues quartz uae cristobalite dnadonuauTRves
u (mold) iilesannsisaealadl grantAinianaiituiuainuieu (thermomechanical
properties) QmwgﬁmimﬁlauLWa (phase transition temperature) waz A1duUTENS
NNSVYILFINNAIUTDU (thermal expansion coefficient) fupnenetu 6, 14]

M5ANWINATBY quartz WAy cristobalite AfAeYulunguBUFuva Yun-Jong Kim
et al.[15] wuin cristobalite %L‘%M:ﬁmi%wﬁamﬂsﬁmﬁaqmmﬁ 250 peAiALTYATINNT
vgrefatuiunissagenisvedavesyulu mold silfn1snada (shrinkage) anas fatfu
cristobalite FeludrudrAglunisauraunisvetedmisanuiou ludiuves quartz

Ao !

MnthasuAnuudalse nanAensiddadiuves quartz MfnTutudsralinnuudaunss

'
1 )

voeyuiwudlduindu dedunisifendadiunvanzadlunisnay silica Measunadadl

[y

sy Ineaideneuntnudndiunangnegi 42% cristobalite sio 22% quartz Loy

Aol

ihwiindadenananundusuaznisveedameausoudiniian

uenniifefinsAnumavesduduls] Faduannamisiivinldifnanudenely
UNEDLAIDIUsSERY 1H8991nHT CaS0.#0.5(H,0) iovinisnautinazvinliindnlulundn
\nUfN381 hydration vJu CaS04e2(H,0) Aauangannna XRD Tunwdl 2.5 wanana XRD
VBINIYU LLaz‘guwé’qmsmaufﬂ (6] uaziflofinnsanninge SEM vasyuiivinissautimy
CaSOg2(H,0) Mg uingnludnuuzadouia wae silica Tduguinendudnuuzadng

NOUAILAAILUNINT 2.6



3000 - — Powder
Green part
2500
4
2000 - ]
-'-r. E l
2 i
2 1300 ':
g g
2 : p : \
= ] : g

: | |
1000 P i . ||
|
1

15 20 25 30 35 40

Angle 26 (%)

A9 2.5 uandEa XRD YBIHeYU UagYunaInsHati [6]

AN 2.6 UandlATIEs199a01AIN SEM UBInayuiinax [6]

' A o a Y a aaa . o9 Yo a
Aouiloyniseuyulziianisganuseuinufjisen dehydrationvilvititegly

Nanaana@ald ﬁqmmﬁﬂasmm 140 peAaTod 910 CaSOe2(H,0) nanaldy CaSO, uay



2 Tuaweth (2(H,0)[16] sounTigaumniiuszanal 250 ssriwaiea AeUATegANEILTe
Bunaurainnisiudsuianin d-cristobalite 1Hu B-cristobalite Lilaguungigatud

Useanas 572 ssmieaidea quartz asiansideumanin a-quartz W B- quartz [6] Tne
gunnifigstudsaliiAnnsidsumauasianisuenefmanudoutuanadsuma
U89 cristobalite Wag quartz WANNTYENEM 1.6% Wag 1.3% AuUaRu[17] Lﬁaﬁuqm%umau
n1sauyYu Lﬁwgmzgﬂﬁﬂﬂiaa%’uﬁﬂawwaaummﬁﬁqquﬁﬂwmm 900-1200
ssmwadoa dudugumgiifiugumnliifnnsaaesvesdud Tnsnsaanssdauduly
pEaNNST 2.1 way 2.2 Auadul2] Fuia SO, waz O, AR uINNsEANefve Uy

g1 AR INURIve R uudmalinuA NTuILATeIUSERUARRI A

CaSO4 () =2 Ca0 ¢ + SOs g (2.1)
SO5(9 2 SOz(9+ 0.50; ) (2.2)

waNNLAafinaINNIsaatefveB Uy §ie1ainu)izenseninees Caso, v

auN1A silica dawaliin Ca,SiO, (calcium silicates) wiluaunsdi 2.3 [18]

CaSO, () T SiO, (5)9 Ca,Si0y @t 2503 © (2.3)

LY

Liigausidruusznauniglunsyuwiiuudvunavesouninve sy udaidiud Ay

<

dawasiaAuNIMTeTUUKED 0191 N1sTivuneuATBINIYuTEnasiiruavesgnguly

wuuyutiudnasdsmalitnyuissuibinavestuaulanslinnusaunasaieany uinisig

Y

wuflvwnidnasitinanuaiunsalunisduniu (permeability) vetsonianigluyuseng

Meusntiesatme [14] dwaliiaufanndeneluguanuiadudnidsngunielugua

'
=

Taneidudu fsuyunfdsdvuineynavesyuimuisausie

2.4 Tanglymmiley (Titanium)

) 1%

Tmndoy Wulansfigndunululszmeadangs Iae Gregor 1ud A.a. 1790 auly

Y

Frvasasiulan mndsnduifeuldiduiagnisnismisvesszmailiny Junn sounlu

& o

F138u A..1930s ladn1silanglnmdenaunldiduiagmawnueieazlusisnieuyud 4

Y] 1 N o I a P~ g v ¢ Y]
W'J'EJEJ'NIUQ']WV] 2.7 LLﬂ@ﬂ(ﬂ'ﬂaﬂqﬂﬂizﬂﬂLmﬁulVﬂwLUEJNV]IGUVWILLVIUﬂigﬂﬂﬂJH‘UEJ Iu{jﬁ]ﬁg‘uu
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lavglnimdensuiinnulonnintulugnaiinssuiniaUssau Wasndddunaisany

1% '
a o Y

warnuatedunfendnnsduminiunfiannuvuiuduegivssuia 4.4 nudegnuian

Qe

' ] 1
I =

wuRuns Jyanesuvaifiads 1670 esmwadea Lulaveiifiiuudussmoumiingigs &

Y

Anulsiensiuiseniuesndiauneamaiiaals)

a a a | ¢
AN 2.7 wananseantnimienivawnunseanlusaniguyd

lassasnsganiavedlanglnmiendidnvasaunisiuasunlannawas N1ty

'
< A

(Solidification) TnggaumgiivesmmieuuiavdfiFuinsudnegi 1670 sarmisaiToa uas
Slogamgiianasnil 882 ssrniwaldea wsnwla (B-phase) Millassaiandnidu BCC (body-
centered cubic) agwAsuanateidu wean g (O-phase) Aifltassadrandndu Hep
(hexagonal close packed) Inglassas1aganinaziidnusiiuinsunes B-phase FAnTuan
AeuLdazil O-phase Mflvarnnatsdugiuingtrsgiuluinsudsainaini 28 oz
Usgnausg O-phase 71Y0UINTU U318l A, Q-phase Tifldnwazifuiduazidon U3 B
uag Ol-phase Aifidnwazilu Widmanstaetten U3vans C [19]

a

dwsulymlunsvdelnmidesduisananlnnillenfioamivasumainauay

Y

Da

anunsainufiseriueendiaulaienaamaias Belunintuluussenaunanaamgiivies

gausngilaueenlenveslniniloteg iinlagasiildusenlunegaussiulaetulugafniu

q

a o

Welangazidu Tio Fuseunwdy Ti,0, wazduifanuusseniadu Tio, auaiaul20, 21]
satiunisuaslminilendsdesinluusserneniiviadesunaqu uiognglsinudeulans
Tnndeudiguuuyuaziinufiserduveenduialutusenledegiinlanslmnieud

SunAuIN “alpha-case (Ol-case) layer” fauanslunIni 2.9
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A9 2.8 wanalaseaisganiavedinimiinuians [19]

External surface

Oxide layer
Reaction layer
Alloy layer
I Ti
[_“20um |

S
Internal surface

AN 2.9 uan alpha-case layer [22]

Inen1sAneIBs Guitin et al. [22] wuan alpha-case layer agUsenouluseanuay

A9 oxide layer, alloy layer wag hardening Layerimaﬁ’mﬁlﬂu oxide layer wag alloy layer

IS

v a 1 & a aaa . <@ |
FIAUILAN YUNAUANIEY (reaction layer) alpha-case layer 38 neazldwAlUElng

IS

AULTIGeanTIRIFEEAIUTEN 800-1200HY Fegeunniliaifisuiuaunisvediilolans
Indeundanuudegiuszana 200Hv23] fdutuuiisernenanniddiduidesnis
wsnzvilinuandinisnatuldadtaveusinssuviunisnaeliainnsaniuautunis

WnUATels Fennuudensiuiuaanunuues reaction layer lnganununi@uiunisiden
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drunanvesyuinldlunisvds lasarnunuivestuliserszanasainnisiaenldyu
SiO,-base, Al,Osbase way MgO-base m1uaRU FatunIsidenyYungu MeO-base Judu

Madenimunzaudmsunisvas mey

2.5 yjuiuﬂa:uaﬂtua (Spinel-based investment)

Wernnlnnilleuiyavaeumainaswazanunsainuffseniuinlaienaamaias
Tnenavesuiseviliiin alpha-case layer ifutuiindauniuszlasianizog19da1nng
denldyund Sio, Amuislimsidenldyuniidrunauves SO, luumaslninidey wann
guiuﬂmgﬁ’uﬁﬂuuﬁm%’wéalmLwLﬁauﬁwmﬂMma guﬁLﬁuﬁﬁwu,azmmmwa'alé’ﬂmmw
2 Ao ! a N o 2 . 0. . Iy} ~
TUIUNAABLNYUDENUI-LUNULTY (alumina-magnesia (non-silica) investment) #84310Y)
wennsuiufmUsEauy MntuRsLdsinailusvazinnsilasuaduatiua nanfe
MgO (magnesia) Lay ALO; (alumina) a¥sudanunatetdualiua (MgALO,) Tedinns
WasuwUasuiadesuniiilivusnuntaainnisvaelmmilenseyusiafifinuudugiigs
un [24]

i o I = 1 v & [ o ~
wenaNANUiugtuNITTae Aaunsalun1sduriuvesudululadedidgn
g1avilninaudensnigludui nanfeufanliauisaduriusenandiyulaassin
TguulangileainnisvasianeaeMdulnsesuludueu Faanuanuisalun1sguNIud
ad & ~ = P a a
AU TUNENIINVUIATHIUTIMNIZEN BeNnsHivwIne N ARYuTINzad Tnguuad
A o vy o aa 2 PR vy v ~
winzauiinlidaduanuisaluns@uriuifuagaiuisavastuanuninunnlatused

yumeglurie 60-280 lunseu [25] uandlunwi 2.10
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...3'1:. % : 24 .‘;‘" 2 ,' .".‘ ..tf.
AccV  Spot Magn Det WD Exp
1M 0kV 25 200x SE 96 334

,,,,,,,

AN 2.10 uansvuIneunAvesrsyunlilunisude ey [25]

[
v @

= 9] ' a = & a PN ! ~ Y
WQUUﬂqﬁLa@ﬂisﬂuu1UﬂﬁjNaﬂLua‘ﬂﬂL‘UU‘VH\TLa@ﬂ‘VlLWll']galli‘Uﬂ']i‘Viﬁ@lVlL‘V|L‘UEJ§J@']EJ

ASTUIUNISVADLUUTRNINNG
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uni 3

YUABUNITANTUIIUIY

3.1 Jaginldluanuideldlunuide

o (v

TundfeiiTannldlumsveaaeusy 3 Ussian taun lave, Yuwsiin wae Auwuy
wodkes lneliswasidunsiadaluil

X7

3.1.1 laneNnlglunnsraswuuUname

1. Tangmes 18K unsafidesldlugaunssuaiesuszduiosaniin
ususefunnnimesuievs

2. lavelnndenuiqniings 2 iWunsedamuenlddmniundntunuii
oaszduilosnniimnunieuazannandusuldie

3.1.2 Yusdn

1. Yulunguiudu (gypsum-bonded investment) 3 wuu dmsunaelans
7194 18K

2. Yulunguatiua (spinel-based investment) 1 wuu dwiundelany
Tmidleuudgving 2

3.1.3 AULUUNDALDS
3.2 A52FDUAIUNANNINAN
3.2.1 A5REUAIUNAUNILATIvD LAY

ASNAFBUNBMNANEIUNANNNLATve e naaLaslans ey Tneldinaiia

[ ¢ A

X-ray fluorescence (XRF) &edenannisfie 1leTunulasussdand A waeauiag

'
a o

wovzihvidianaseutulunaresnatndundanunaziinenulietes Bidnasoutuuenia

Wagutundsnuwieliiaenuanss  wazvanlasslnnausanun@iaziianuduiondnueal

N vedLsar s IaNNsaNns1Uies1an1ee Negluanidnwle

3.2.2 ATIERUAIUNALTLATIVRIHIYULLTEN

nsnaaeuLievAduNaNnIsaiivassulagldinaila X-ray fluorescence (XRF)

1 a >
WwuLRgnulany
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4
) a

3.3 MIAEUTUNUNDNTIVERBUYULYTEN

o
Y [

ftunoumswiouTunueseluseil

1. LGI%EJ@JNQUJUL%i’]ﬁﬂ (Investment powder) weanuu TeuA wuu A (Investment A),
WUU B (Investment B), wuu C (nvestment C) dwSuvdeanlavenas wag wuu T
(Investment T) dusunaslanglniniiioy

2. waunsusiinfeanuuiuiusrauasUdesiudeiudu Green part lnoi
Usvanuluyungududufie 1h dusussandluyunduatiuefe tiatiua (spinel liquid)

3. 11 Green part 1W11N158U (Burned out flask) Tagldsyeziialuniseu 3 suuuy

(Condition) TaLanTUaIUNaINTITaUIY A15197 3.1

a Qy A o 1Y a 1
$1919% 3.1 LLﬁ@IQ‘UU\‘]’]UVWHﬂ'ﬁE]U‘LaG]uLL‘U‘U‘W@ﬁLN@%IUEULL‘U“UG]']Q‘]

sUivumsey Gypsum-bonded investment Spinel-based investment
A B C T

Condition 1 Al B1 C1 T1

Condition 2 A2 B2 C2 -

Condition 3 A3 B3 C3 T3

Tnsnsusugamafiuazsnsmslfeudouisuuuunseudeelud
1. eusugilovesyuusiasaiin (Condition 1) Fsuandluniwi 3.1
2. BUUUUISISEEELAINSY (Condition 2) uanslunwi 3.2
3. BULUUMINTEEzAINTEY (Condition 3) THuA JUMUUNMTOULULT 3 veu

nAuEUE wag nguatiua lnswandlunini 3.3 uag A9 3.4 puddy



Temperature (°C)

800

600 -
400 -
200 -
800 -
600 -
400 -
200 -
800 /
600 -
400 -
200 -
1000 /
750 -
500 -
250 -

—— Investment A ||

Investment B[]

N

—— Investment C |

Investment T ]

: | | | |
9 10 11 12 13

AN 3.1 LLammiaUyugUquﬁ 1

14

16
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Ingswazidenvaigiuuunseuil 1 vesjuusasuuuidusialudadl
Investment A
ingaumiifniednsngs 2.5 esmiwadeadeund awgamalite 150 ssrwadua udiaes

Foamgiithdunan 2 $lus 30 uni

—

v

fingaumniiniednIngd 4 saruaadeadewnd el 375 ssrwadua uddesld

v

il
—L‘INlI’e]iL!‘ViQ 189M3 157 3 BerwATeaRauTi UGN 09 725 ssmwaildua uaiUaseld
il

waan 4 s

ca

-AnQUNYIMEENINSI 2 samwaduanowi awaamailits 600 samwadua udiUdeslin

Investment B

a v

Afiugamgiisnesniga 5 ssmwaduadou? ugamgit 149 ssriwaidoa udUaesld

ZDe &>

9 Duan 1 Halus
PN Ay o < = ' = ace = 1% ' v
il 28803157 5 sernwadeanowd el 371 sarwadua uddesl’

2

~
&)

)

ZDe &>

Wuan 1 s

=)
2
~
&)
)

a Yy

W8NTU5Y 5 sernadeanewi Wwenmnifs 732 sarwada uddesld

|
=) O

U

pms
-0
© @)

Wuan 2 Falua

=)

DU

>
il
=D

ay ) < = ! = ac = Y ' v
—amqqummaam%i’a 5 ALY ALDSHARNDUIN ﬁ]uqqumm 600 DALY ALLYH LLa'J'UaE)EJbL'W]

gamfiildunian 1 4lug
Investment C

q [ 3 a 1 = a e = % 1 v
L‘WSJQQJ‘MQ ’JEJ@G]T]LTJ 4 NANYALGYFNDUIN %uqm‘mgum 230 99ALSELYYH LL@’J‘U@E]EJl’J

Wuan 3 Falua

=)

igaungiil
fisnmgfisnedngnis 4 ssmieavaiound augamgiifa 725 ssmieaidea udUaosl’

figaumndidunm 4 alus
-AnRUNONMILENTIET 2 peradedsiawnd Aanmnie 600 sarwaded udaesl i

gaumgfithduan 1 Halus



18

Investment T
g iiniednsnsy 8 esmiwaduasowndl augamaiiia 300 esriwaded uaaoely

Pamafilidunan 30 wi

a Yy

[ @ a 1 =1 a e = % 1 v
89nT 157 8 DeFwadearaundl augunifs 880 e waded uaUasel
Wuan 1 lus

AnQNIMETNI NS 5 samwaduanoui awaamalits 675 samwadua udiUaeslin

Y
(%

aanndidunan 1 $alus

q Y

100 J M N TN SN R N S—
 [==— Condition2) -

700 + \ +

Temperature (°C)
N w iy ul (2]
o o o o o
o o o o o
1 1 1 1 1

100 H

0 1 2 3 4 5 6 7
Time (hr)

AN 3.2 RN UYNIURUUT 2 Yosyungueudy

Ineguiuunseuyui 2 vasfungusuduiiseazidennmal Uil

LU
1

QN
LU U

a

1% [ < = 1 = a e IS 1% 1
) YDATIITI 5 BIANYALGUEND U AUDUNNUAN 150 e9Fadmed Waduany
X

D.

duan 1 s

e

il Mednsngy 5 ssrwaduaioui awaamalits 730 ssrueadua udiUaey
nfitdunan 2 dalus

¥

a (Y < IS ! = ace = v ! 1%
-AnNYNAN AIYBRILIN 5 DIANYAGHUEADUIN AUDUNHUNN 600 DIALYHAGHE LL@'J‘UaE)EJbL'J

Pamiilduian 30 Wil



800

700 4
600 -
500 -
200 4

300 H

Temperature (°C)

200 H

100 -

0 1 2 3 4 5 6 7
Time (hr)

AN 3.3 uEeanN1seuYuIULULN 3 Yasungueudy
lngguuuunmseuyuil 3 veayunquiuduiseazidensisnialyil

Tiuan 1 lug

Tuan 1 g

€

[

<

T uran 2 F7lud

19

89nT157 5 srmwadeanoun? augnmngif 150 esmwaded udiuase
MYENTNST 5 e aduanowndl augumnina 370 ssrwaidua udildes

288057 5 seradeanownd awaamgiiiy 730 evrwadua udiUdes

a LY < = ! I ac = 1% 1 1%
-ARNYUNAN AIYBRINTI 5 DANYAYHUFADUIN AUPUNHUNN 600 DIANYFYH LLa’J‘Ua’eJEJ‘l’J

Poamiiduian 1 il
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100 r——T———T— 7T T T T 71
Condition 3 (Investment T)|

Temperature (°C)

3 4
Time (hr)
A 3.4 LLammiaUUuiﬂwa 3 maﬂﬂuﬂamamua

IngsUiuuNMsouyuil 3 v84 Investment T waneswazidendasialvil

Lﬁmqmm EgnIsy 3 asrnwaleanowi awenmiia 300 ssrwaded uddesld

A duan 1 Flus

=D
2
~
eb
inf

a [ < = ! = ace = 19 ! 1%
HREUN MYERTUIT 3 B9ANYATYERDUNY] UDUNNUNN 880 DA LYY LL@'J‘U@EJ‘EJVL'J

de

Paumagfithduan 1 Falug
AnQUNIMETNI NI 5 sarmwaduanowi augumgline 675 samwadua waUdeslin

(%

aaunndidunan 1 9alus

q Y

3.4 M3fnwaudinieauiouvesduwsiinuasAuLuunafiues

vhnsfnwautRmanudeuvesyuesidiniiiu Green parts uazdunuuT Ut
TneldieSes Differential Scanning Calorimeter (DSC) / Thermogravimetric (TG) 3u
Netzsch-F30 fannil 3.5 vhmsindngaungiivneg AfufiSewiatu dddudnmsined
wE ez iideuuasly %qwé’muﬁLU?%EJuLLﬂaﬁﬂﬁuamﬂuLﬁmﬁﬁ%m
Mendsu(Exothermic) w38 gandsny  (endothermic) Wlefiarsansauiudeyans

Waguwlashmtndvhlaimsnuhuiiselaiatungamgitug

]
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Y SN

mwi?i 35 LLamLﬂ%q DSC/TG

3.5 M5AATElAsEIIRanIALazNsNagaUANTANNNaYR s uLYIIEN

wsesdlefildlunismaaau leua

1. ndesansIAudianasausuudesnsin (Field Emission Scanning Electron
Microscope, FESEM) 3u JSM-7001F 714 Schottky type field-emission tHunmasriiiia
dlnaseurhlvindesiiruaudn (resolution) gl 1.2 urluwas lun1snsiadeulaseaing
NATRIIYY A, B, C, T uag Yundseumuaiiovesyuusdazaiialaun A1, B1, C1, T1 594
8 M98 laeyin1snsIadeuRIY Secondary Electron Detector

2. Energy dispersive X-ray spectroscopy (EDS) §u INCA PentalFETX3 \ionsIvaeu
swasrusenevlumlavessyu A, B, C, T uar Yundsounudiioveyuudasasilalaun Al,
B1, C1, T1 574 8 /79814 T,ﬂEJ‘vTﬂmﬁLﬂswﬁm@mmmuﬁ (Mapping)

3. X-ray diffractometer (XRD) 34 PANalytical-EMPYREAN \ieniadouavaINg
Yu A, B, C, T wae wavosuilivdsuuiadlundseumugiiovesuusasainldun A1, B1, C1,
T1 5208 Green parts 13 4 96ia 39 12 f0Es Ingvinisasavaeuiudeyanns 0.1 aeen

Ay 15-90 8ae Fal4 Cu-Ko 1uumasinfiandseu (X-ray source)
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4. In-situ X-ray diffractometer (In-situ XRD) ienTiagoumsdsuntaslavas
lpsupufoures Green part vesyungududy laeidenviinisnaaeuly Investment A
gumplildlunisasiaaey 1éun gamgiivies, 70 esmiwadea, 150 ssmueadoa, 250 o9
\Wwalded, 375 aarwaldyd, 580 BarWwALTYE, 725 BerYAlTud, Lavangungiaude 600
DA LAY MIUAIRU

5. Particle Analyzer i;u Mastersizer-2000 L‘ﬁammaawmﬂ‘uaaaqmﬂmgu A B,
C waz T Fwhnsialaeldonnadusinasualdivaiianisiesisiuuy Laser diffraction
Technique

6. anuudausadien1snaaauLsIng (Compression test) TaeldiA3as Universal
Testing Machine L‘ﬁamaaummLlfﬁqLmsuaagwé’amiaﬂﬂaﬁ%mmgu A1-3, B1-3, C1-3,

T1 way T3 921 11 fede Insldnnusilunisnad 1 Jadwnssound

3.6 N150ONLUVTUIULANE

sonuuuIunuiutudulanfanuawenaeduawenugs loud 2 Sadwes 4
Naduns waz 8 Naaluns F9imuning 10 Taawwns 817 30 Taawwns Wulusiu DIN 13906

[14] Fauanslunwi 3.6

AN 3.6 LEAASTUIAAUBLUUNDALLDS
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3.7 NSNATUNULANG

A0l ANZNALNDILAL IITHEUAIENTEUIUNTUADLUVTNINE TneTivunausinalUll

1. Guannnsfnduiiisunieuuunedines

2. wanmsyutuasazanslidrfuaniumyuiinadliviunuuieFoul
3. geennmmeeniiioviilienialunuuyutiesas

a. flvijundesaussana 1-2 Falus

5. dndnyunudadndiaeuudvinniseumuguuuiinviualy

[

6. Wnineunauduasemaslangantulaveasgnuastivaluaimdngiinyu

Y Y

7. sovutlavsuduwaninisidnuuuyuing aeldgurulaenuuuuidesnis

Y Yy (%

Mdguueniula U Iae NN TEUINNN VG IUNMARRAYNTIH  dIUNTS
waelnmillsuiuliRnutunsuiinanluuditneiu o veslfiRnmsamugdmnssueans

PANTUINEY

3.8 NITIATIHA NHUSNURIKAZAULTIVITUI U ane

wisesanldlunsnaaauliun
1. 1AseeinAULSEURY (Profilometer) Ju TALYSCAN150 Litons19a0UANUSEURD
ey v < 1A o <
YotuNy tngldauiilun1snsinngia (scan) 1500 luaseusadunil ¥in1snsansIaiy
Toya 1 AN HafLIng

[

2. wnaaauALLLULINNes (Vickers Hardness) Wilansavasuauudaiives
%umuiammawauu,aziawl‘wmLﬁam%qwéﬁlﬁmﬂmwda Tngldussnadi 200 of (26, 27]

3. NABIFANTIAUKUULES (Optical Microscope) Lﬁamnaaué’ﬂwmﬂmqa%ﬁafgamﬂ
Tifnvestuulanevessauuaslanylnmidouuiand udsnnisudefizuuuunisvadeniag
LATFATUILANL (Cross section) FrelARpeinasBunudr dansTawnu wes 1200

2000 ag 2500 MNUUTRALLDEANIY NANITVUIA 3 LUATOU WaL 1 LUATEU PUAIAU

3.9 AATITALAZIIYITUNANITNAADY
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uni 4

NANISNAABILAZALASIZHNANITNAADY

4.1 daunaunaaivasiaginldlunismeaag
4.1.1 nan1snTivaevduNaNnInAiivatlavenesrautaylave InmlenuIans

loglaiases  XRF fian1duidouaziaundylauaziasodussqunisnd  (@19)

TunsnsrvapulsunaduNaNNIuAlizaUsINpsANlnaINNTR e Akandlunn 399 4.1

AN 4.1 LEASKHANITATIVFBUAIUNAUNILATIVD L aNY

USuausg (wt%)

IRAVDILANY

Au (Gold) Ag (Silver) Cu (Copper)  Ti (Titanium)
Tavienongy 75.06 12.31 12.61 -
Tavglnmdey - \ - 99.99

PNNANITIATIENT LulavienearaunuITUTamesdUsgvsen 75.06% Bedninagly

NOIANNTA 18K (18 karat) NillavizRunaznouaHaNag 12.31% uay 12.61% auaeiu diu

s
a2

lavglnmdleudianuusansagin 99.99%Ti

Y

4.1.2 mamimwaauﬁaumaumqLﬂﬁmaamaguﬁq 4 LUu

b4

! a & 1Y d' a ¢
ﬂqimﬁj‘ﬂa@Ua'ﬂumammqﬂLﬂﬂmaﬂﬂ“um\‘] 4 wuu MYLATY XRF VL@Naﬂ’]TJLﬂT‘Ig‘VILLa@N

a g

Tusnsafl 4.2 Taefirsyu Investment A-C dufuyulunguivdy Ssgiiuduusznaundn
TawA Si, S way Ca %wﬁuﬁmﬁmmﬂaﬁﬂizﬂau Si0, Wag CaSO, MIUAIAU[6] UoNANTLETS
fiansiAnusia (additive) 16un Al uaz Mg fienadenasionisudeivesyundsannnisnasmnayy
ffuth Tnglu Investment B duffasiiuudslutiinadides Jaldvunfionsundefiouty
U309 AN DIYULUUBY

naulunguatiua vi3e Investment T fisgidudndszneundnldud AL Mg uas
Zr Bannansusznau ALO,, MgO wae ZrO, auadiu uammmfé’awuam?ﬁuq lauA Si, Ca

ey Hf Fee1ademaroantiuiasenisvedyuiasnssuiunmasta
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A5199 4.2 LLammamimmaaumumaumqLﬂﬁsuaamﬂvu

Investment Chemical Element (wt%)
powder Si S Ca Al Mg Zr Hf
A 68.28 16.10 15.33 0.29 - - -
B 68.64 15.71 15.65 - - - -
C 69.43 14.93 14.93 0.45 0.26 - -
T 1.12 - 0.73 39.34 46.69 10.55 1.58

4.2 M3An¥dIuUsENauLasIUINYEEYNAYY
4.2.1 namsAnwaduUTEnouveIunaue Uy

MNNsANwEUUSENoUTaIunauEUdumemalian XRD lauansranmageuly
AT 4.1 WUt UUUsENaUmY SO, ity O-quartz dlassasiananidu
hexagonal gz Q-cristobalite Hlassas1awdnidu tetragonal Jsdnsdruvesaeumaiiing

! 13 o aa 1% A v v [% Y &
AOAULTILTNVBUUIYY  uBnIINFANILARNYUNauEUTuEIUTENDUMBRIUTE UL
CaS04+0.5(H,0) (calcium sulfate hemihydrate) Tu Investment A @ulu Investment B wag
Investment C dunuiyuszanuiidu CaS0,4+0.625(H,0) (calcium sulfate subhydrate) ka3
lupmit 4.2 msisUszanuiluanavesdieglundnuinnitdmiuseauvessyuuuudy
= a Aa a d’lj U ’6’ a (% o Y gol = a
\eanannseuIuMINanyYunteamgll, Anuty wazanuiuletseiuividunlundng
wanF1eiu [28]

UANANNTIATIRVTTHAYEIENTUTENOUKAITELAIN XRD Seanunsaiiasienusunm
yaansUsznaunsasinalasisnatin - Rietveld  refinement  Feduinlagldlusinsy
HighScore Plus lagUSunaansusenauvesyunguauduuandlumsnd 4.3 &d1 GoF
(Goodness Of Fit) wanspukaiuglun1sAuInUInasUsznau namee AuLlug1e
wngaLiiaAn GoF windu 1 &FeenlaainnisAuiniinandhunsdulialndfemilaila

A W yyi v A v ° a I~ v ) & a4 vy
EJUEJ‘UVL@'J']GUEJ%JJaw'l@ﬁnﬂﬂqiﬂquqmﬂiuqmaq5ﬂ53ﬂau1uuumﬂ'ﬂqmgﬂm@qLLNUSWLL@%L%@Q@I@



Intensity (a.u.)

®
o o *e
L ]
Investment B
O
o] ® Si0, (quartz) (01-083-2465)
o Si0, (cristobalite) (00-039-1425)
0 Ca(SO,)(H,0)g 55 (01-080-7958)
a
®
O [ ]
L_%D arTary oo poe ® o o ee o

Investment A
* Si0, (quartz) (01-070-7345)

o SiO, (cristobalite) (01-077-8627)

o Ca(S0,)(H,0), 5 (01-081-1849)

Investment C
» Si0, (quartz) (01-083-2465)
o SiO, (cristobalite) (01-077-8627)

o 0 Ca(S0,)(H,0)y 625 (01-080-7958)

@
0 D.‘:‘].ﬂwmm.o .OO.‘ 0 o0 @

0

20 30 40 50 60 70 80 90
20 (Degree)

A9 4.1 wansdiuusenauvessyungududuainmaila XRD

26



Intensity (a.u.)

Ca(SO,)(H,0)q 5
(01-081-1849)

Ca(S0,4)(H,0)g 62

5
(01-080-7958)

T T T

—— Investment A

Investment B

Investment C

1
25.5 25.6

1
25.7 25.8

20 (Degree)

AT 4.2 LERIANLLANATISTEWING CaSO4(H,0)05 AU CaSO4(H,0)p 65

27
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M1597 4.3 wanauTunuansusenaulunsunauguduy

GoF
%SiO, %Si0, %Calcium Sulfate
Sample powder (Goodness
(Quartz) (Cristobalite) Hydrate

of Fit)
Investment A 34.3 33.8 31.9 1.6
Investment B 27.1 37.3 355 1.7
Investment C 28.6 35.0 36.4 1.8

M3y Green part sifersyuitnanifutilugnsain 100 de 38 Tnsmdnudaiis
TAwdasnluussenniaunid wuin waveasiuseaiy CaS0.+0.5(H,0) Tu Investment A 5318
CaS04#0.625(H,0) Tu Investment B way C ThuRamsiasunUaady CaSO4+2(H,0)
(calcium sulfate dihydrate) 31nWan13nA@aU XRD 984 Green part guﬁ’jammmwﬁmamiu
Al 4.3 ImaﬁwﬁwamLsﬁwlﬂﬁ%ﬁmﬁﬁ%m hydration Y@suAaIBNTaLNA

mnfmﬁaﬁwmaamﬂﬂuﬁﬂu Green part MUFULUUNITOUVRIALDUBIYUUAKAE
WUURAINUEYEY CaSO, (calcium sulfate anhydrate) Wamsua XRD ﬂjaqyjuﬁmumsau
Tunmit = 4.4 s?faW\IaﬁLﬁm%uﬁ?ummﬂﬂmﬁmﬂﬁﬁ%m dehydration  filundnues
CaS0#2(H,0) thueenanadnnatendiu Caso, [6] udetslsfiniu avesdani v quartz
uaz cristobalite tulinunisivdsuudasanadomnnniansdsuuaseunduas
Budh WesannisAnudeuntile] nunsidsunares Q-cristobalite «Ju B-cristobalite

a

Naumgiivseann 250 e iwadoa uwaznisiUdeumaves O-quartz Wu B-quartz igamal
Usgana 572 esrnwaldea  slainisAinwingiinssunaanueuvesyunguiuduvneii
NFOUILLAN  BILARINANTITNAGBILALIATIZYNAN1INAaedluTaN s AN Y ING ANTTUTDY

Yusenianseuiunswseainyu



Intensity (a.u.)

Investment A

e SIO, (quartz) (01-070-7345)
o SiO, (cristobalite) (00-039-1425)
o Ca(S0,)2(H,0) (00-033-0311)

Sl o ®

Investment B

¢ SiO, (quartz) (01-070-7345)

o SiO, (cristobalite) (01-077-8627)
o Ca(SQ,)2(H,0) (00-033-0311)

Investment C

e S0, (quartz) (01-070-7345)
o S0, (cristobalite) (01-077-8627)
0 Ca(S0,)-2(H,0) (00-033-0311)

IIIIIIIlIIIIIIIIIIIIIIIIIIIIIIIIlIIIIIIIIIIIIIIIIIIIIlIIlIIIIIIIIlIIIIIIII

60 70 80 90

20 (Degree)

AWM 4.3 UaRdINUTENoUYRY Green part vedyungudUduaininaia XRD
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Intensity (a.u.)

o Investment A

o CaSQ, (01-072-0916)

* Si0, (Quartz) (01-070-7345)
o Si0, (Cristobalite) (01-076-0935)

—— |Investement B

e Si0, (Quartz) (01-076-9282)

o CaS0O, (01-080-0787)

o SiO, (Cristobalite) (00-039-1425)

| 7S e o '
N DEE@:OD O e *

. Investment C

0 CaS0, (01-086-2270)

* SI0, (Quartz) (01-076-9282)
o Si0, (Cristobalite) (00-039-1425)

o e °
ON iu.@dﬁulﬂ'mo. .

20 30 40 50 60 70 80
20 (Degree)

AN 4.4 wansdiuUsznauvesdunNiuNsauIINmAila XRD

90

30
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4.2.2 namsAnwiadiuyszneuvesyunauatiua

IIIIIIIIIIIIIIIIIIIIIIIIIII‘IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII

Powder
e MgO (01-079-0612)

o Al,O; (00-042-1468)
0 ZrO, (00-049-1642)
A AlgB,0,, (00-029-0009)

O o ¥ LiF (01-078-1217)
A > s
O sy Selles 1S
Green part

e MgO (01-079-0612)

o Al,Oj (00-042-1468)
0Zr0, (00-049-1642)

A Al yB,04; (00-029-0009)
¥ LiF (01-078-1217)

Intensity (a.u.)

e —— Burnout flask
® MgC (01-087-0652)

o AlO, (01-089-3072)
0 Zr0, (01-086-1449)
+ MgAl,0, (01-071-6332)

20 30 40 50 60 70 80 90
20 (Degree)

AN 4.5 ULERIdINUTENoUTRINIYY, Green part kAZUUMAINITOU VBINGUATINAIIN

WwAlla XRD
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PNNANITANYIAIUUTENOUVBINIYY Investment T %QLﬁugu”Lumjmﬂma wamalu
Al 4.5 wundduuszneundnlann MeO, ALOs, uaz ZrO, uonantmdlansifunaeie
AligB055(9A,0502B,05) ey  LiF e‘ifamﬁ@mLm’qmmﬁfﬂmwmamqmmﬁmﬂﬁmaﬂLua
MgAL,O, LLazLﬁué’mwmnﬁmﬂ;’jﬁ?aﬂuamuwaaLL%415[29-31] TagUSunuupaLsay
a1sUsenaulumayy Investment T tunandunsei 4.4 Seansipuusddinsoaeunuiugl
Unafitesannidlafisutudedifaveanaianisnsivaeuse  XRD  fiaunsansivdeu
ansUszneuiiiiUSinannnnindesas 5 usethdlsinumanuuiugilunisiualSua

(<3 a1 1 1 A A 1
asUszneuffanadireglutaniietioln

M5 4.4 wansUTinaasusenaulunsunguatiua

Sample powder  %MgO  %AL,04 %Zr0, %Al;5B4053 %LiF GOF

Investment T 70.1 19.3 58 3.3 1.5 1.4

MnansEL Green part lneraunsyu Investment T fiu spinel liquid Usaeeln
wisidu Green part udhlunmaeu XRD \ionsraseunsasundaseanadiinty
WUIMMAIIINNISHEN spinel liquid LLﬁﬂ@JWULWaLﬁmLamﬁmmﬂ@mmﬂmyu gnflosnan
drunanly spinel liquid lifiaudundn 3aléinnsfine spinel liquid iduleeldia3es
Fourier transform infrared spectroscopy (FTIR) Faduesosildlunagouiiion
LLanavesans Tagodondnnsiferiumsduveslianauaznisganduuasdussiin
wananan1svaaeulun il 4.6 WU Mg(CH,COO), (Magnesium Acetate) INYNNIANHUY
(absorption band) 7 wavenumber 1547, 1412, 1347, 1046, 1020 way 929 crm’ e
méﬂﬁuamﬁﬂ C-O asymmetry stretching, C-O symmetry stretching, CH; symmetry
stretching, out of plane CH; rocking, in-plane CHs rocking Wag C-C stretching anuaay
[32] dugaen1sganau 3244 cm™ wag 1639 cm! wanaiia O-H bending wag O-H stretching
AIUAIAY %ﬁLﬁﬂﬂﬁﬂImLaqamaaﬁw (H,0) [33] Mnuaasnaviliaalain spinel liquid 9133z
Huansazans Mg(CH;CO0), fifliaglunan (Mg(CH;CO0)»X(H,0)

6 Y

s Lilevin15eu Green part mugUluUNITBUALAND TLAS1EWAY XRD WU MgO,
ALO; wazia MgALO, 31nN1SYINUATE189 MO wag ALO; UNNABNTIEINY ZrO, iin
msasulassaiiadnainlaseasns cubic Wi monoclinic uiaealsinurandanisouyu

lanuansiduusa AlgB,Os; wag LiF F9minitinn1saanagfiiseninan1seutasiiiaNagnsiu
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gl lunisiinufisenlaiuislainisfnwandinieanuiouvesyuluidons

nsAnwantaneausouvey U iinsely

=4
o
1

80

70 S

Transmittance (%)

60

50

3244

40 —
4000 3500 3000 2500 2000 1500 1000

1

Wavenumber cm”

AT 4.6 Lansaunasuueg spinel liquid 37nn1sNAgBY FTIR

4.2.3 mamaﬁwmmmaummmmﬂuu

usnMsdUsENRUTRsYULEITATeseyMArs it dududdnyidmarienn
SovfuaramnmBusumdnnnsvde3] fdulsldvinnisfnsunevesoymansyuiild
Tumsveasssiioiedes Particle Analyzer \isinanisnaaeuumeynansyulasune
Arui3suinvestuuomaukas nidonuigd  wiimavdedeguuuunisudodirinue

Fanan1Tinzivuneun AR utuLandunIem 4.5
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A1519% 4.5 LLammmmaumﬂmgu

Sample powder Particle size (Am)
Investment A 28.44 + 0.17
Investment B 23.38 + 0.06
Investment C 19.42 + 0.21
Investment T 105.43 + 1.14

Han1sneEeURandiLINYunguatiua ve Investment T Suwineuniaiilugnin
Yungududu wagluyungusudu vwnvesdu Investment A Jvunalvginii Investment B

wae C MUAIAU

4.3 M3ANYINGANTINVRIYUTENTNINITEUIUNTIATENTYY
4.3.1 KANSANYINGANTIUNNAIINTDUTENINNTEUIUNTOUYWTIAN
4.3.1.1 naAnssuneauTouvasungugudy

aulAn19ANTaUVeY Investment A Nuansdanginssuvazinseuyungududy

waRSluNINA 4.7

0.9 ———r——1————100
0.8 Removal of moisture | exo —DSC a1 98
—TG ]
0.7 -+ 96
—~ 0.6 - CaS0,2H,0 = CaSO#0.5H,0 + L5H,0 ‘ 1 94 5
=) ] o
-] . (=]
2 o5 1925
] 0.4 €a80,#0.5H,0 = CaSO, + 0.5H,0 ‘ 1o 5
g W E o
'8 ] 3
E 0.3 - Q- Cristobalite inversions 0 88 o
T Prs— .. 2
0.2 - Ol- Quartz inversions T 86
0.1 5 I _:_ 84
0.0 - | 3 82
S .
0.1 e . E L —1L 80

1 T *
100 200 300 400 500 600 700
Temperature (°C)

AN 4.7 WEAMENUANIIAINUSIUTBY Investment A sagnalda DSC/TG
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a

91NN5MN5AATIENA DSC WumsgarLseuigamgil 88 asrmalTes wansfanis
53msjsummm%usﬁaﬁmiammm%au 434.2 J/g Lﬁaﬂﬁmmwmu@ﬁ’UﬂiWWmiLUﬁauLLUmma
flgamn 2591 asmgaiaa nunsgapdetminainaruduly Green part Uswana
13.2% Mé’qmﬂﬁ?uLﬁaqmwgﬁqaﬁuLﬁmﬂﬁﬁ%aw dehydration ¥83 CaSO#2(H,0) naneilu

CaSO, faun1snsinufizeaiisiolull [34]

CaS0#2(H,0) ) = CaS040.5(H,0) ) + 1.5(H,0) ¢ (1)
CaS0¢0.5(H,0) () 2 CaSOs (s + 0.5(H,0) g ()
Tagaunsmadeufisenadn (1) Faduufitensgaanusouiiintuluiisgumnd
103-135 asAgadad laemsiinUfisen dehydration 993 CaSO42(H,0) naewlu
CaS04+0.5(H,0) whag 1.5(H,0) %aﬂﬁaawﬁwaqﬁwgmLﬁaﬁmﬁfﬂlﬂ 4.2% dunalaainnsiu

a

TG figamgll  110-128  esAwaifes  dounfigamgivszanas 142 esATaidua

AnURASELALN (2) Tu nafe 0.5 avasdNmaslunan(0.5(H,0)) dansfioenanuanyi

1%CaS0e0.5(H,0)  nanedu  Caso, T,m813'1%@%8%1‘1714%@@1%311/\1 TG figaumnd

9 Y

(%
a =<

128-159  aspnadad  wasluwninfigydelulszana 1.4%  deniieguu)igeau

a a

asa P ai a = = 14
Wuﬂ{]mmﬂﬁi@ﬂﬂqquiﬂumgmuquﬂi:mﬂm 240 ANANLTALTLA ‘ENLIJIJﬂ'ﬁ@@ﬂ’N@JﬁEJUﬁ]’]ﬂ

a

MswABuiaTes Ol-cristobalite nanerdu B-cristobalite siounfigamail 563 aerimalTes
AnUfionsgeaufeuiiendsumaves a-quartz nanewdu B-quartz laeufizend
Aeduszarianmsliarudeuimuntuamsonuldfluyundudududesae Investment B
wag Investment C mewuiu lnguansnuaudininnuauUsouiisunsi DSC vaayu

naugudulunini 4.8

PNANUTUTUaNTAN9ALTauveIyunquE ULy wuhmsszmevesnutuly
Yuaglutsgumnil 88-106 asraaiea warnisamesosilundnyes calcium sulfate
dihydrate nanewlu calcium sulfate anhydrate ﬁﬁa&qm%qﬁ 125-150 9ALTaded
MaAnUfATen  dehydration  dsmaltyuAnnavesa  shlsdsnsuludyudiuiy
Jadiulemafiufaasannsneenantunuvdeluraeiviinisudotunuldd Sotliause
aanaiadmiAnnsuidlutunude  uiegislsfmuamudusenthyufiranas

Wi [14, 35] Aounvgmmgil 240-247 avAgaidea Han1siasumaves cristobalite
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91 Ql-cristobalite naneLdu B-cristobatite LAZLANNITVEUFINDYALTE N1 TUARILLDIAIN
deunluluteamglineuntindmalidiyuiinuwduswiugy Fudamsideula
O-quartz nanewdu B-quartz Nvegaunnll 563-574 a9ANEATHA SIdoAURTITIVEY

Wuivinseusdui [15]

I ! I T I T I T 1 v 1

1 exo Investment A
Investment B

—— Investment C

—_ 563°C
5 |
d |
o —
=
K=}
[T
S 574°C
I 1
|
563°C

T T
100 200 300 400 500 600 700

Temperature (°C)

dl wa L4 1 a U
AN 4.8 LLﬁﬂﬂﬁll‘UGWl’Nﬂ??ﬂi@ﬂ‘ﬂ@ﬂ‘gﬂﬂ@ﬂﬂﬂ‘dﬂ

wananUwmAla In-situ XRD lagnihanldlunistudunginssunisenuioureasyu
nauBUdY (Investment A) syuBan1siagunaras Sio;, (cristobalite inversion wag quartz
. . v Av ¥ oo a %% a o =
inversion)  ildnuluranilsvinsiiasgvimemailn  XRD  aendaniseudu Jawaves
WeANsTUVNIANLToUMEWAila In-situ XRD uanslunmi 4.9 lngaamailunisnaaeuiy

WI15UNNNAYBY DSC WAL UN)HYBINITOUIIS



Intensity (a.u.)

600°C

725°C

580°C

375°C

250°C

150°C

Intensity (a.u.)

6000 (qu)
5000 +
4000 +
3000 +

2000 +~

1000

Intensity (a.u.)

}
115
26 (Degree)

L
11.0

1400 +

L
12.0

21.0

;
215
26 (Degree)

225

N
5]
]

]
S
8

: (2}

375°C+
—o— 580°C
—o—T725CT
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AN 4.9 WA ANTTUNISANTEUIINATIATIEIEINATA In-situ XRD (n) N3
WasuuUas XRD patterns ﬁqmmﬁma; (v) ﬂ’]igﬁgl,?wﬁﬂumﬁﬂ@ﬂ%’u; () MIiUAB U
991 cristobalite; (1) NUAsuwaveuAaTaNdams; (3) NsiUAsumavDs quartz

NAMA 4.9(n) LLammsLﬂﬁsJuLLanmaqUUuﬂa;uﬁﬂ%’uizﬁdwamﬁau NANAVDINIT
AAsied XRD lunil 4.9(v) wufiAnes CaSO.2H,0) Tigamgiivesaunszigamgias
150 e9AATIA AYDY CaSO.2(H,0) meluuanatiansiinufjizen dehydration o9
CaSO42(H,0) nanenilu Caso, fidlassasreudnfu hexagonal mé’amﬂqmmﬁqﬁmﬁmmﬁ
Wagumaves cristobalite dpLauaINAMA 4.9(0) Imaﬁqmmﬁ 150 aeAIAEEa WU
O-cristobalite fiflassasandnidu tetragonal ndsnduilgamgll 250 asAmades nu
O-cristobalite uaz B-cristobalite #ifllassasrsndnidu cubic sunsgviafigumnivszan
375 asAdmaa nuisaaves B-cristobalite Fauansdanisildsunares cristobalite
flarysal uaﬂmﬂﬁ?uﬁqmmﬁﬁé’qLﬁ@mim?ﬁmmaﬁuaa CasO, dawandlunmd  4.9(9)
91nlAssad1e hexagonal (Alll phase) 1 orthorhombic (All phase) Fagunnisidsunuag
{'j'j'] I1I-Il CaSOy, transition [36, 37] ﬁamwﬁaqmmﬁﬂszmm 580 aqANLTATaE HANSIUREY
wlaves quartz Jeuanslunnil 4.9R) nia a-quartz idlassadiadu hexagonal
nanerdu B-quartz TiillAssad1s hexagonal Wuieafuusiimuaumimsntuuaziinng
wuuduiitesniilassad1andnues o-quartz [38, 39]
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YaeayNPgUFLTWIAAANTAGIINNTY 2% lagdUsuns(17] wagn1suasinuInfgaiu

a

Arluteamall 300450 evAgaEsa Jaudnnisideulasiaiiamdnues CasO, N

o

fuguineniifdnuaeededuiiflasaiuuu hexagonal naneifudnuazdudiivundy
N1uazdlATIAsNLUY orthorhombic [37] nintudefinnisdeumaues cristobalite
Ransveeiafiosnien1snaga Fsmsweessanantudnsisuslaiuns
Uszanal 5.5% annisiadasldpmuaisdinizuss uoanazdnn cristobalite waz
5.7% TagUsinAsannnsmuInHaresnIsIaTgi Insitu XRD uenanidaiinisvenesh
dlosnmsaeumlaves quartz fifinsvenediuszana 4.7% TaeUsues 91nN1sAILIN
AAANUENTWNIZVOIMeaN ke TR cristobalite hag  4.3% lagU3uIns 1NN13AUIN
AIUHATDINITILATIZN In-situ XRD[40]
fefunsidengumgilunmseuyussfednsilunafisenufou  Jafesilds

a

gaunilkarnginssuvesunguudusEnIvinseume

4.3.1.2 woAnIsumeauSeuveyunguatiua

PnuansnadeuantinimuTouvesfunguativaniuandlunng 4.10 wunsgn
ANUSEuaINNTIM  DSC  Plmamall 122 esAmadud  wansienisagydetnluluena
299 Magnesium Acetate Tetrahydrate (Mg(CH5COO),+4(H,0)) viliin Mg(CH,COO), Lile

a

finsanpvaiuna TG el 94-137 esmwadea wunisgasdeunl  3.5%

Y

1 a

Tngdwiin andudlegamnfgaiulurasoumgfl 267-379 asaaadaa wumsmelues
wavszana 5.4% et mugiunamaaisnnufouiigamgll 285 esAsaides
Way 388 auATALTHA Wanst N1 RAURTIE1w8 Magnesium Acetate viliiin MgO [41]
uaﬂmﬂ‘f‘:é]’qwumimamm%’auﬁqmmﬁ 336 paAadua ssnnindunisdsunaves
710, nlassaiawanidu cubic wWaswdulpseaded@ndidy  monoclinic aunseda
gl 706 BIANTALTYA Wumimamm%fausﬁqLﬁumiLﬁmUﬁﬁ%mide MgO tag AlLOs
Mlmnnatiua MgAlLO, [31]

TudIuTeIEnALLAITIlALA AlgBOs War LIF onafensaansdilugienisiie
MgALO, lpsannsesunount [31] wunsuansvedlossu F Wiluwnud 0% Savildie
nsiinTuretesinsloneuuan (the cation vacancy) dwald lessuuinves Mg®* wag AL

fanuannsaluinsidillundnvesegliviieviliiin MgALO, ladedu diuasiiuuss

AligB,Os; fiiauanaves B,O; senisiiuauansalunisfin MgALO, [29] namfe?
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gaunilas B,O; ziinnsarameiuuunii@euardudaivegiiui i nuiidudaias vi
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4.3.2 NavINTeUYunedug I IB0UNAYY

INMIFENFUFIINGVBIDUNMANIYUNGNEUTY (Investment A) TikanslunIng
4.11(n) wudnwarvesuasadnuuglaun eunaniidnvasudiou (blocky shapes) uaw
aunafilanuazilunriansinszuen (rod shapes) JauanatisonnAres SO, way Muszanu

(calcium sulfate hydrate) snuandiu Insuduannuanisnageu EDS Mapping Fauandlunn

fia12
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ASENTUA N 4.13 e iRAIUNULeINnINNSRUN I UNANURIRIUTE @ UDONANKEN

nanendu CasSOq ’Lmj"mqmmﬁ 125-150 edAVAdEed  way -l CasSO,4 transition
gamgiivseann 375 esmgadisa  Fadunstudunaannnisiesisiansusenouvesyu
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A9 4.13 UAAINTIATIENTINVDDUNIAYY Investment A 1HINTBY

Tudunsdsuduguingwesulunduativauanslunmi 4.14(n) Felumau

! a g A ! [ 14 A = 14 [d
nauadiua (Investment T) UUWUBUNIAYIAIFUIN LUUNDUNLIABUYN, Naunau ey LU
anwagAd1e T aLanatis MgO, ALO; uag AligB0s; ANE1PU TneanAsuduanianis

TATILNTINVBIIYY Investment T seinalla EDS mapping wanslunmi 4.15
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AWM 4.14 wanIFugININe1veYU Investment T (1) Wedi; (1) Yunas
naennseudulunguativanumsivaeuulasduguingwandunm 4.14(w) Feeyna
vosyulinisrunguiunanfeleyniaadiewiudng  sguweynaiiduieulngnin e
ATIAFRUMIBNNTIATIEVSMYRIUndualiuanawinseuiandlunIni 4.16 wuinuwand
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4.3.3 HanN1SANEIANURNIIAINUSDUVDIAULUUNDALLDS

FURUUND AL UB NN T USARDIUILIRINTUINTITAANE FIVDIPURUUNDALLDS
A A IR ~ P D yy A ) 1) PN
WIMTENAUI “UuuLiigu” e “muileu” [HeInnTouyutuLenaNLAINITRLAI
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9

T T T T T T T T
—TG

l exo

- 80

Heat Flow (W/g)
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d‘ d" I3 a 3 d' a =
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gaumall 240-300 eeANEALTNE uaAsiaNsARefkazIzElUTes bees wax NI

=)

1%
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Investment A fIA1AMULTILTININATT Yu Investment C uay Investment B ANUAIAU
d' a a d' 1 1 < (v 1
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AANTATHE kay 730 9ANIALTEA WINHUYNIanaIn1seuMaeLiied 6 Talud WUIKE
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NSYERMETULUUNITEUN 1 NUTIATHYTVTEVREITUNUTUAUIUIAYBBUNALAL JULUY
N8 NA1IAB FuNUNBIHANNAAINNTUEDMEYY Investment B dAuvguseesni Yu
2 v = = & ' ) va S a da
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MINT 4.6 WARIANANNVIVILVDIRITUNIUNAINITUAD

Surface roughness (JLm)

Sample

Condition 1 Condition 3
Gold alloy (Investment A) 0.14 0.14
Gold alloy (Investment B) 0.12 0.14
Gold alloy (Investment C) 0.18 0.12
Pure Titanium (Investment T) 0.23 0.23
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AatiunsiUasugusuunseuyungualivatulidmanonnuseuresdinruny  uidwrase
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System Details
Accessory Name : Scirocco 2000 Beam Length (mm) : 10.00 Obscuration (%) : 3.78 Residual (%) : 1.084
Particle RI : 1.525 Absorption : 0.1 Dispersant Name : Dispersant Rl : 1.000
Result Statistics
Distribution Type : Volume Concentration : 0.0006 %Vol Specific Surface Area : 1.14 m¥g
Mean Diameters : D(01): 25 um D(0.5): 2063 um D(0.9): 6584 um
D [4,3]: 28.41 um D[3,2]: 527 um Span: 3.070 Uniformity :  0.967
Size (um) | Volume In% Size (um) | Volume In % Size (um) | Volume In % Size (pm) | Volume In % Size (um) | Volume In % Size (pm) | Volume In %
0.020 0.00 0.147 002 1.082 077 7.962 a10 58.573 41 430887 0.00
0.023 o.oo 0.172 005 1.262 ovua 9.283 3'34 68.291 3‘2& 502377 0‘00
0.027 5% 0200 i 1471 oo 10.823 e 79.621 o 585729 peee
0.032 550 0233 bt 1715 s 12619 0 92832 55 682.910 e
0.037 oy 0272 oAb 2,000 1.1; 14713 bad 108.234 e 795214 ond
0.043 0‘ 00 0317 0‘25 2332 "36 17.154 461 126,191 0‘56 928.318 0.00
0,050 565 0370 Tt 2719 i 20.000 i 147.128 o 1082.339 a0
0,059 55 0431 s 3470 ki 23.318 e 171539 tiod 1261.915 o
0.068 0‘ & 0.502 051 3.696 " o8 27.187 5;66 200,000 u.oo 1471285 0’ o
0.080 000 0586 0'57 4.309 2‘2| 31.698 579 233183 o’m 1715392 0.00
0093 3 0683 5024 : 36.957 = 271.871 5 2000.000 £
000 063 244 57 0.00
0.108 i et 079% P 5.857 ey 43,089 i 316979 oo
0126 o 0928 i 6.829 b 50.238 oo 369.570 58
0.147 1.082 x 7.962 58573 i 430,887 £
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System Details
Accessory Name : Scirocco 2000 Beam Length (mm) : 10.00 Obscuration (%) : 245 Residual (%) : 1.309
Particle RI : 1.625 Absarption : 01 Dispersant Name : DispersantRI : 1.000
Result Statistics
Distribution Type : Volume Concentration : 0.0004  %Vol Specific Surface Area : 1.14 mg
Mean Diameters : D(0.1): 2.51 um D(0.5): 2045 um D (0.9): 6564 um
D[4,3]: 28.29 um D[3,2]: 5.26 um Span: 3.087 Uniformity :  0.972
Size Volume In % Size (um) | VolumeIn % Size (jim) | Volume in % Size (um) | Volame In % Size (um) | Volume In % Size (um) | Volume in %
0020 0.147 1082 7.962 58573 430887
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0043 R 0317 e 2332 b 17.154 Ada 126.191 5 928318 o
0.050 o.oo 0370 034 2719 1." 20.000 S‘m 147.128 5 1082339 0‘00
0.059 &5 0431 5 3170 e s 23318 o 171.539 550 1261915 i
0.068 o 0502 o 369 b 27.187 o 200.000 e 1471.285 056
0.080 n-oo 0586 057 4.300 2'22 31698 5‘77 233.183 000 1715 292 0’00
0093 u’ou 0683 062 5024 2’45 36.957 5‘ & 2718n D‘ 0 2000.000
0.108 0‘00 0.796 0‘67 5.857 269 43089 5.34 316.979 55
0.126 0'01 0.928 0‘72 6829 2‘51 50.238 “m 369570 o’ 0
0.147 > 1.082 3 7.952 68573 4 430887 -
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System Details

Accessory Name : Scirocco 2000 Beam Length (mm) : 10.00 Obscuration (%) : 342 Residual (%) : 0954
Particle Rl : 1.525 Absorption : 01 Dispersant Name : Dispersant Rl : 1.000
Result Statistics
Distribution Type : Volume Concentration : 0.0006 %Vol Specific Surface Area : 1.14 mélg
Mean Diameters : D(0.1): 2.49 um D(0.5): 20.67 um D (0.9): 66.15 um
D[4,3]: 28.63 um D[3,2]: 5.28 um Span: 3.080 Uniformity :  0.976
Size () | Volume In % Size (um) | Volume In % Size (um) | Volume In % Size (um) | Volume in % Size (um) | Volume In % Size (um) | Volume In %
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0059 0‘00 0431 0"3 3.170 1'75 23.318 536 171539 o‘m 1261915 o.m
0.068 5 0502 Bai 369 i 27.187 ¥ 200,000 preery 1471285 o
0.080 ovoo 0.586 0'57 4.309 218 31698 5’_" 233183 o’m 1715392 0'00
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System Details

Accessory Name : Scirocco 2000 Beam Length (mm) : 10.00 Obscuration (%) : 0.90 Residual (%) : 0.867
Particle RI : 1.525 Absorption : 01 Dispersant Name : Dry dispersion Dispersant Rl : 1.000
Result Statistics
Distribution Type : Volume Concentration : 0.0001  %Vol Specific Surface Area : 1.34 mefg
Mean Diamelers : D(D.1): 1.96 um D(D.5): 16.28 um D(0.9): 54.77 um
D[4,3]: 23.35 um D[3,2]: 4.48 um Span: 3.244 Uniformity :  1.02
Size (pm) | Volumen % Size (pm) | VolumeIn % Size (pm) | Volume In % Size (pm) | Volumeln % Size (pm) | VolumeIn % Size (pm) | Valume In %
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000 003 098 aet a0t 0.00
0032 ng 0233 21: 1715 w‘ ;: 12618 :’E; 92832 .‘372; 682910 E'gg
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0.088 n‘nn a5 o‘ea 3696 2“ s 27.187 s ‘45 200.000 o‘nn 1471.285 n.nn
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System Details

Accessory Name : Scirocco 2000 Beam Length (mm) : 10.00 Obscuration (%) : 1.76 Residual (%) : 0.511
Particle Rl : 1.525 Absorption : 0.1 Dispersant Name : Dry dispersion Dispersant Rl : 1.000
Result Statistics
Distribution Type : Yolume Concentration : 0.0002 %Vol Specific Surface Area : 1.34 m#g
Mean Diameters : D{0.1): 2.02 um D(0.5): 16.62 um D(0.9): 54.77 um
D[4,3]: 23.45 um D[3,2]: 448 um Span: 3.174 Uniformity : 0,994
Size (Um} | Volume In % Sizeipm) | Volume In % Size (pm) | Volume In % Size (um) | Volume In% Size (um) | Volume In % Size () | Volume In %%
0.020 o0 0147 . 1.082 . 7.562 o 56.573 o 430.887 o0
omr| o pan| 00 p |l | e | | | e | 2| | eew| o
oo oo o2m o1 1715 1 12610 a9 g 159 82910 oo
oo o.00 oz ote 2000 122 14713 454 106234 088 796214 0.00
0.043 g% 07 gi 2382 :g 17154 ;fg 126.191 g?; 928,318 gg
0.050 nlno 0.370 0'43 2718 "74 20000 5‘43 147.128 o‘m 1082339 E'm
0.058 200 0.431 05t 3170 o8 23318 o5 171.538 s 1261815 000
5.5
0.088 000 0.502 s 3696 519 27187 i 200.000 s 1471 265 000
0.080 000 0.586 o 4309 a4 31.698 540 233183 00 1715.39%2 000
0.083 0‘ %0 0.683 0'77 5024 2' 9 38.957 506 271.871 om0 2000.000 )
0.108 0'00 0.79%8 0'82 5857 2'% 43089 4‘5‘ 316.979 0‘00
0.126 501 0.928 anr 6829 e 50238 sos 369570 b
0.147 ) 1.082 ) 7962 ) 58.573 430887
Particle Size Distribution 110
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System Details

Accessory Name : Scirocco 2000 Beam Length (mm) : 10.00 Obscuration (%) : 0.90 Residual (%) : 0.867
Particle RI:  1.525 Absarption: 0.1 Dispersant Name : Dry dispersion DispersantRl:  1.000
Result Statistics
Distribution Type : Volume Concentration : 0.0001  <%Vol Specific Surface Area : 1.34 mEg
Mean Diameters : D(0.1): 196 urm D{0.5): 16.28 urm D(0.9): 54.77 um
D[4,3]: 23.35 um D[3,2]: 4.48 um Span: 3.244 Uniformity :  1.02
Sizo (pm) | Volums In % Sizo (um) | Voluma In % Siza (um) | Volume In % Siza (um) | Volumain % Sizo (pm) | Volums n % Size (um) | Voluma In %
0.020 000 0.147 . 1.082 05 7962 261 58.573 201 430,867 000
0.023 000 0.472 006 1262 Lo 9283 304 68.201 Py 502.377 000
0.027 200 0.200 pprs 1471 116 10.823 e 79.621 1e sas5.729 ppsy
B B B N B 1 B A = R
0.00 0.21 142 487 057 0.00
ooo| o osm| 0@ o = | mee| 22| | mes| 0| | emes| 0@
0.089 g‘gg 0.431 g'g 3470 :;2 23318 fﬁ 171.539 ggé 1281 915 g‘gg
0.068 0.502 369 . 27487 > 200,000 1471.285
0.080 g'gg 0.586 g‘;ﬁ 4309 ili 51688 Z;? 233 183 ggg 1715.382 g'gg
0.003 00 0.683 o078 5024 s 36.957 to9 271.871 000 2000.000
0.108 0.00 0.7% s 5.857 e 43,089 s 316.979 000
0.126 oot 0.928 oo 6.820 38 50238 278 369.570 500
0.147 1.082 7.962 58.573 430.887
Particle Size Distribution 110
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System Details

Accessory Name : Scirocco 2000 Beam Length (mm) : 10.00 Obscuration (%) : 130 Residual (%) : 0.660
ParticleRl : 1525 Absorption: 0.1 Dispersant Name : Dry dispersion Dispersant Rl :  1.000
Result Statistics
Distribution Type : Volume Concentration :  0.0002 %Vol Specific Surface Area : 1.36 mag
Mean Diameters : D(0.1): 2.09 um D(0.5): 14.23 um D (0.9): 43.45 um
D[4,3]: 19.22 um D[3,2]: 4.41 um Span: 2.908 Uniformity :  0.808
Size (pm) | Volume In% Size (pm) | Volume In% Size (pm) | Volume In % Size (um) | Volume In% Size (um) | Volume In % Size (um) | Volume In%
0.020 0147 1.082 7.962 58573 430.887
0.023 ggg 0172 gg: 1282 2? 9283 ::7; B8.291 :?3 502377 zgg
pport 0w et 010 it 1.08 bpont 2.9 o 085 oot bao
DlDG7 000 D‘272 0.16 2‘000 12 14'713 538 |DE'234 024 796‘214 000
0.043 it a7 o 23 . 17.154 o 126,191 oo 318 oo
T BT It ) B B = N O (= B ] B I B
0.068 ggg 0502 g;? 3.696 i:‘: 27.187 223 200.000 2$ 1471285 ggg
o | oot I Sroo I T S N Bl e I i B
0.108 ggg 0798 g;: 5.857 23: 43.089 :2 316.979 [0)£
0126 001 0928 ae 6829 Pl 50.238 ven 369.570 i
0.147 ) 1082 3 7.962 ) 58573 ) 430.687
Particle Size Distribution
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System Details

80

Accessory Name : Sciroceo 2000 Beam Length {mm) : 10.00 Qbscuration (%) : 1.90 Residual (%) : 0.361
Particle Rl : 1.525 Absorption : 01 Dispersant Name : Dry dispersion Dispersant Rl : 1.000
Result Statistics
Distribution Type : Volume Concentration : 0.0003 %Vol Specific Surface Area : 1.38 mag
Mean Diameters : D(D.1): 2.04 um D(05): 1432 um D(0.9): 4467 um
D[4,3]: 1964 um D[3.2]: 436 um Span: 2978 Uniformity :  0.933
Size (uny) | volurme In % Size (um] | Volume In% Size (um) | Volume In % Size (um) | Volume In Size (umy | Volume n % Size (um) | VolumeIn %
g’ig 0.00 3 1‘;; 0.03 1 z; 091 ;j: 4.06 : 2‘3 197 ﬁ':: 0.00
0.027 gx 0200 E ?? 1471 ??? 10.823 2:? 79.821 é ii 585729 g gg
sl | ol el ||l | ) G| el G5 el G
. 0.00 023 1.44 5.70 0.04 y 0.00
ooo| o o | o= o] =L | mee| 32| | wm| 00| | emas| o
0.059 g'x 0431 g:i 3.170 ;?g 23318 g'gg 171.539 g i 1261.915 ggg
0.088 000 0502 o ;1 3695 s 27.187 45 200.600 000 1471.285 000
0.080 0'00 0.586 DG; 4309 2'72 3169 s 233.183 om0 1715.3% 000
0.092 000 0683 oS 5.024 2o 36.957 wos 271871 ow 2000.000 ’
0.108 000 0755 079 5857 am 43,089 a5 316.979 000
0.126 U'm 0928 o84 6:829 a'w 50.235 pafes 369.570 000
0.147 3 1082 ’ 7.962 ) 58.573 i 430.887 '
Particle Size Distribution
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Accessory Name :

Particle Rl : 1525

Scirocce 2000

System Details
Beam Length (mm) : 10.00 Obscuration (%) : 2.20

Absorption : 0.1 Dispersant Name : Dry dispersion

Residual (%)

: 0.418

Dispersant Rl : 1.000

81

Result Statistics

Distribution Type : Volume Concentration : 0.0003  %Vol Specific Surface Area : 1.39 mag
Mean Diameters : D{0.1): 2.01 um D(0.5): 14.1 um D(0.9): 44.18 um
D[4,3]: 19.41 um D[3,2]: 432 um Span: 2.992 Uniformity :  0.938
Size {urm) | Volurre In % Size (um) | Volume In% Size (um) [ Volume In % Size (um) [ Volume In % Size (umm) | Volume In % Size (um) [ Volurme In %
0.020 0.147 1.082 7.962 58.573 430,887
0.023 g'ﬁ 0.172 g‘gg 1.262 ?‘§ 9.283 :‘;; 68.291 : gz 502377 g'ﬁ
S B I I IO < B ) ) I ] B
0.00 N 018 1.28 538 N 0.50 0.00
e I 3 53 Y ) I O )
0.00 > 03z 1.68 594 y 000 0.00
o BT I O B ] N I I B I 1
0.00 y 054 2.18 581 - 040 0.00
owe| O s | 2| | lm| | | G| 3| | mem|  o®| [ | o
' 0.00 - 0.70 Ny 274 y 4.85 y 040 § 0.00
) 0.00 g 0.81 . 237 N feke:) g 000
0.126 201 0.928 g8 6.829 270 50238 sep 369.570 S
0147 1.082 7.962 58573 430.887
Particle Size Distribution 110
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System Details

Accessory Name : Scirocco 2000 Beam Length {mm) : 10.00 QObscuration (%) : 231 Residual (%) : 1.345
Particle RI : 1.525 Absorption : 0.1 Dispersant Name : Dry dispersion Dispersant Rl : 1.000
Result Statistics
Distribution Type : Yolume Concentration : 0.0008  %Vol Specific Surface Area : 0.44 melg
Mean Diameters : D{0.1): 4.33 um D(0.5): 108.58 um D{0.9): 21599 um
D[43]: 106.75 um D[32]: 13.64 um Span: 1.943 Uniformity :  0.625
Size (um) | Volume In % Size (um) | Volume In % Size {um) | Volume In % Size (um) | Volume In % Size (wm) | Volume In % Size (um) | Volume In %
0.020 0.147 1.082 7.962 56.573 430.857
0.00 0.0 053 140 182 a0
0023 000 0172 000 1.282 s, 9.283 o 68.291 51 502377 000
0.027 0'00 0.200 000 1471 082 10823 138 79.621 4'92 585.729 ﬂ'm
0032 000 0.233 000 1.715 058 12619 o 92.832 80 682,910 000
a.037 0.00 0.272 000 2,000 Tor 14.713 148 108.234 561 796214 200
0.043 000 0317 000 2.332 18 17.154 s 126,191 064 928318 000
0.050 0.00 0.370 000 2719 129 20000 Y 147.128 586 1082.339 000
0.059 0.00 0.431 000 3470 138 23318 . 171.539 560 1261915 000
0.068 U'UU 0502 000 3.696 145 27.187 140 200.000 6'72 1471.285 U'UU
0.080 . 0.588 4309 31698 233.183 - 1715382 3
000 0.00 150 116 441 0.00
a.093 000 0.883 003 5.024. Vst 36.957 oo 271.871 oan 2000000
a.108 060 0796 021 5.857 150 43089 083 316.979 e
a128 000 0.928 09 6.829 15 50238 108 369.570 000
0147 ) 1.082 i 7.962 58573 i 430.887 }
Particle Size Distribution 110
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System Details

Accessory Name : Sciroceo 2000 Beam Length (mm) : 10.00 Obscuration (%) : 1.21 Residual (%) : 0.800
Particle Rl :  1.525 Absorption : 0.1 Dispersant Name : Dry dispersion Dispersant RI : 1.000
Result Statistics
Distribution Type : Volume Concentration : 0.0004 %Vol Specific Surtace Area : 0.468 mzg
Mean Diameters : D(0.1): 4.02 um D(0.5): 106.99 um D(0.9): 21547 um
D[4,3]: 104.86 um D[3,2]: 1283 um Span: 1.978 Uniformity :  0.645
Sizo (um) | Volume In %, Sizo (um) | Volume In %, Sizo (um) | Volume In% Size (um) | Volume In % Siza (um) | Volume In % Size (um) | Volums In%a
M | [l el [ m[ aw| [ =[] [ Sm[ e [2ET o
0027 gﬁ 0.200 g'gg 1.471 g';g 10822 :‘:3 79.621 i‘i 585.729 g‘gg
0.002 om0 0.223 000 1715 oz 12619 150 92802 668 662,910 000
o007 000 0272 000 2,000 s 14712 res 108.234 o 798.214 000
0.043 000 0317 000 2332 128 17154 160 126,191 o 928.318 000
0.050 000 0370 000 2719 s 20.000 e 147,128 55 1082.330 000
0.0589 200 0.431 oruu 3.170 1'49 23318 156 171.539 857 1261.915 000
0.068 0502 y 3696 N 27.187 i 200,000 1471.285
0.080 3$ 0.586 g’gg 4.308 1';? 31.696 116 233.183 iz 1715392 ggg
0.093 000 0683 0704 5.024 1'53 38957 D2 271.871 23 2000.000
o :Zi .00 2;:5 a2z 27257 181 :2 069 080 516 9;2 008
o 0.00 528 0.41 529 1.58 =8 1.00 9% 0.00
0147 1.082 7.982 58573 430.887
Particle Size Distribution 110
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System Details

Accessory Name : Scirocco 2000 Beam Length {mm) : 10.00 Obscuration (%) : 1.73 Residual (%) : 0.6888
Particle Rl :  1.525 Absorption: 0.1 Dispersant Name : Dry dispersion Dispersant RI:  1.000
Result Statistics
Distribution Type : Volume Concentration : 0.0006 %Vol Specific Surface Area : 0.464 mag
Mean Diameters : D(0.1): 4.06 um D(0.5): 106.2 um D{0.9): 215865 um
D[4,3]: 104.69 um D[3,2]: 12.92 um Span: 1.892 Uniformity :  0.648
Size (m) | Valume In% Size (um) | Volume In% Size (um) | Volume In% Size (um) | Volume In% Size (um) | Valume In% Size (um) | Yalume In%
0.020 0.147 1.062 7.962 58.573 430,887
oos| 0 om| 0@ | 0% ey I Sl I e Rl B (e
0.027 0‘00 0.200 nluo 1,471 O‘B? 10.823 "46 79.621 4‘71 585,729 u‘oo
0 DBi 0.00 0 2272 0.00 ; 715 101 lis:g 149 1% :32 681 :82 ;‘3 0.00
g'ﬁa 000 3 317 oo z'g T 1 7-153 58 wgl;w:: b s: 318 oo
0.050 000 0.370 000 2718 i 20000 e 147.128 o36 1082.3939 0o
0.059 2’22 0.431 §gz 3170 1 i; 23318 : 23 171.539 :':‘; 1261 915 S'Eg
0.068 000 0.502 000 3606 51 27487 1t 200,000 c6a 1474.285 s
0.080 000 0.588 000 4309 15 31.608 120 263183 sa7 1715392 s
0.093 000 0.683 coa 5.024 for 36.957 058 271.871 s 2000.000 i
0.108 000 0.7% o020 5.857 160 43.089 086 316.979 009
0.126 000 0.928 o 6.829 s 50.238 108 369,570 060
0.147 i 1.082 ’ 7.962 58.573 ) 430,867 i
Particle Size Distribution 110
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Name and formula

Reference code:

Mineral name:
Compound name:

Empirical formula:
Chemical formula:

Crystallographic parameters

Crystal system:
Space group:
Space group number:

a (A):

b (R):

c (A):
Alpha (°):
Beta (°):
Gamma (°):

Volume of cell (108 pm3):
Z:

RIR::

Subfiles and quality

Subfiles:

Quality:
Comments
Creation Date:
Additional Patterns:

General Comments:
Sample Preparation:

References

Primary reference: Tomaszewski, H., Godwod, K., J. Eur. Ceram. Soc., 15, 17, (1995)

AMARNUIN U

00-049-1642

Tazheranite, syn
Zirconium Oxide

0O,yZr
Zr0,

Cubic
Fm-3m
225

5.1280
5.1280
5.1280
90.0000
90.0000
90.0000

134.85
4.00

86

Common Phase, Inorganic, Forensic, Mineral, Alloy, metal or intermetalic,

Superconducting Material
Indexed (I)

01-Sep-99

See 00-022-0540. To replace 00-027-0997

Oxygen deficient structure (in range of "Zr 0" 1.688-"Zr O" 1.740)
Prepared by sintering 10 wt.% "Zr 02" in "Al2 03" at 1973 K for 90
minutes at a pressure of 0.133 MPa. The oxygen deficient phase was
synthesized by annealing in vacuum at pressures below 2.8x10-2 MPa.

Unit cell: Duwez, Odell., J. Am. Ceram. Soc., 33, 274, (1950)



Position [5in*2 (%6} (Copper (Cul}

Peak list
No. h k | d[A] 20 [°] I[%]
1 1 1 1 2.96463 30.120 100.0
2 2 0 0 2.56448 34.960 17.0
3 2 2 0 1.81521 50.220 32.0
4 3 1 1 1.54668 59.740 16.0
5 2 2 2 1.48102 62.680 2.0
6 4 0 0 1.28085 73.940 1.0
7 3 3 1 1.17697 81.760 2.0
8 4 2 0 1.14676 84.400 3.0
9 4 2 2 1.04697 94.740 1.0
10 3 3 3 0.98647 102.680 1.0
11 5 3 1 0.86685 125.400 1.0
12 6 0 0 0.85472 128.640 1.0
Stick Pattern
Intensity [%]
100 ——— - -
1Ref. Fattern: Zirconium Onade, 00-049-1542
107
) rrrr T e rrrrT—— T [T ™
0.100 0.200 0.200 0.400 {0.500 0,500 0.700 0.800
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Name and formula

Reference code:

Mineral name:
Compound name:

88

01-079-0612

Periclase, syn
Magnesium Oxide

Empirical formula: MgO

Chemical formula: MgO
Crystallographic parameters

Crystal system: Cubic

Space group: Fm-3m

Space group number: 225

a (R): 42170

b (R): 42170

c (A): 42170

Alpha (°): 90.0000

Beta (°): 90.0000

Gamma (°): 90.0000

Volume of cell (106 pm3): 74.99

Z: 4.00

RIR: 3.04

Status, subfiles and quality

Status: Alternate Pattern
Subfiles: Pharmaceutical, Common Phase, Inorganic, Forensic, Mineral, Alloy, metal

or intermetalic, Cement and Hydration Product, Superconducting Material,
ICSD Pattern

Quality: Hypothetical (H)

Comments

ANX: AX

ICSD collection code: 41990

Creation Date: 01-Sep-98

Modification Date: 01-Sep-11

Cross-References: ICSD:41990

ANX: AX

Analysis: Mgl O1

Formula from original source: Mg O

ICSD Collection Code: 41990

Hypothetical Structure: Structure calculated theoretically
Calculated Pattern Original Remarks: Melts at ambient pressure at 3098 K, predicted by PIB potential at

3200(500) K, 590 K for a 1000-atom cluster. Predicted melting point at
300 GPa about 10000 K, for a 1000-atom cluster about 15000 K

Minor Warning: No e.s.d reported/abstracted on the cell dimension
Wyckoff Sequence: b a(FM3-M)

Unit Cell Data Source: Single Crystal.

References

Primary reference: Calculated from ICSD using POWD-12++
Structure: Cohen, R.E., Gong, Z., Phys. Rev. B: Condens. Matter. Mater. Phys. , 50, 12301, (1994)



Position [5in*2 (%6} (Copper (Cul}

Peak list
No. h k | d[A] 20 [°] I[%]
1 1 1 1 2.43469 36.889 11.5
2 2 0 0 2.10850 42.856 100.0
3 2 2 0 1.49093 62.217 46.2
4 3 1 1 1.27147 74.578 5.2
5 2 2 2 1.21734 78.510 11.5
6 4 0 0 1.05425 93.884 4.2
7 3 3 1 0.96745 105.541 1.6
8 4 2 0 0.94295 109.552 10.7
9 4 2 2 0.86079 126.984 8.1
10 5 1 1 0.81156 143.302 1.2
Stick Pattern
Intensity [%]
100~ ——— —
1Ref. Fettern: Magnesium Cedde, 01-079-0612
107
L= T T 0 AR l
0.100 0.200 0.300 04D 0500 0.600 0.700 0.800 0.900
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Name and formula

Reference code: 01-078-1217
Mineral name: Griceite, syn
Compound name: Lithium Fluoride
Empirical formula: FLi

Chemical formula: LiF

Crystallographic parameters

Crystal system: Cubic
Space group: Fm-3m
Space group number: 225

a (R): 4.0270
b (R): 4.0270
c (A): 4.0270
Alpha (°): 90.0000
Beta (°): 90.0000
Gamma (°): 90.0000
Volume of cell (10® pm3): 65.30
Z: 4.00
RIR: 1.52

Status, subfiles and quality

Status: Alternate Pattern

Subfiles: Common Phase, Inorganic, Forensic, Mineral, ICSD Pattern

Quality: Indexed (I)

Comments

ANX: AX

ICSD collection code: 62361

Creation Date: 01-Sep-98

Modification Date: 01-Sep-11

Cross-References: ICSD:62361

ANX: AX

Analysis: F1 Li1

Formula from original source: Li F

ICSD Collection Code: 62361

Calculated Pattern Original Remarks: Mp. 1116 K

Minor Warning: No e.s.d reported/abstracted on the cell dimension. No R factors
reported/abstracted

Wyckoff Sequence: b a(FM3-M)

Unit Cell Data Source: Single Crystal.

References

Primary reference: Calculated from ICSD using POWD-12++, (2004)
Structure: Recker, K., Wallrafen, F., Dupre, K., Naturwissenschaften, 75, 156, (1988)

90



Fosition [Sin*2(*G}] (Copper (Cu})

Peak list
No. h | d[A] 20 [°] I[%]
1 1 1 1 2.32499 38.697 79.8
2 2 0 0 2.01350 44,986 100.0
3 2 2 0 1.42376 65.508 40.7
4 3 1 1 1.21419 78.753 8.7
5 2 2 2 1.16249 83.001 9.3
6 4 0 0 1.00675 99.838 3.4
7 3 3 1 0.92386 112.979 2.2
8 4 2 0 0.90047 117.618 8.9
9 4 2 2 0.82201 139.138 7.0
Stick Pattern
Intensity [%]
100 — - —
1Ref. Paftern: Lithium Flucride, 01-078-1217
10
0200 0.300 0.400 0.500 0,600 0.700 0.800
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Name and formula

Reference code: 00-042-1468

Mineral name: Corundum, syn

Compound name: Aluminum Oxide

Common name: sapphire, alundum, alumina, diamonite, ruby
Empirical formula: Al,O4

Chemical formula: Al,05

Crystallographic parameters

Crystal system: Rhombohedral
Space group: R-3c
Space group number: 167

a (A): 4.7588

b (R): 4.7588

c (A): 12.9920
Alpha (°): 90.0000
Beta (°): 90.0000
Gamma (°): 120.0000
Calculated density (g/cm3): 3.98
Measured density (g/cm3): 4.05
Volume of cell (10® pm3): 254.80
Z: 6.00
RIR: 1.00

Status, subfiles and quality

Status: Marked as deleted by ICDD

Subfiles: Pharmaceutical, Common Phase, Inorganic, Forensic, Mineral, Alloy, metal
or intermetalic, Cement and Hydration Product, Superconducting Material

Quality: Star (S)

Comments

Color: White

Creation Date: 01-Sep-92

Additional Patterns: Validated by calculated pattern 00-043-1484

Color: White

Deleted Or Rejected By: Deleted by 00-010-0173 which is satisfactory

Melting Point: 2323 K

Sample Source or Locality: Sample is the National Institute of Standards and Technology corundum
standard reference material 674

Unit Cell Data Source: Powder Diffraction.

References

Primary reference: Welton-Holzer, J., McCarthy, G., North Dakota State University, Fargo, North Dakota, USA., ICDD
Grant-in-Aid, (1989)

Structure: Ishizawa, N., Miyata, T., Minato, I., Marumo, F., Iwai, S., Acta Crystallogr., Sec. B: Struct. Crystallogr.
Cryst. Chem., 26, 228, (1980)

Optical data: Winchell, A., Winchell, H., Microscopic Character of Artificial Inorg. Solid Sub., 60, (1964)



Peak list

No.

LCoOoONOOTUTh, WN

ANWNWFHOANDPOWNWNFHWAFRERNONFFOOFHFWHEHNWNNEHEFNFEHFWNOFENFEFONRKRORRO

HFHEFNOOWARAHFHFWHFEFNNFWNNOFRFFEFANWONNRFRFWNONFRF,FOONOFFEFNHEHEFNOF,OROR

e

=
OWUIODMNDPOONFHF L, DAMANONORARNOONFHFWOONUOVOOWUIODMNONEFHFODMANWOODRAN

— =

e —_

— =
AOWNANO

d [A]
3.48000
2.55100
2.37900
2.16500
2.08500
1.96400
1.73980
1.60140
1.54610
1.51470
1.51090
1.40450
1.37380
1.33580
1.27540
1.23900
1.23410
1.19290
1.18980
1.15980
1.14710
1.13870
1.12570
1.12420
1.09900
1.08240
1.07820
1.04270
1.01750
0.99780
0.98530
0.98200
0.94320
0.94120
0.93570
0.93470
0.91800
0.90780
0.90540
0.89940
0.88850
0.88050
0.87000
0.85820
0.85030
0.84610
0.84240
0.84100
0.83050

26 [°]
25.577
35.151
37.785
41.685
43.363
46.184
52.559
57.504
59.765
61.134
61.305
66.522
68.209
70.432
74.309
76.882
77.244
80.442
80.695
83.237
84.369
85.137
86.359
86.502
89.000
90.740
91.193
95.251
98.410

101.067
102.850
103.334
109.509
109.854
110.819
110.997
114.092
116.105
116.594
117.843
120.216
122.053
124.602
127.682
129.893
131.125
132.244
132.677
136.101

I[%]

70.0

97.0
42.0

1.0

100.0

1.0

42.0
82.0
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Name and formula

Reference code:

Compound name:

95

00-029-0009

Aluminum Borate

Empirical formula: Al;gB4033

Chemical formula: Al;gB4O33
Crystallographic parameters

Crystal system: Orthorhombic

a (R): 7.7040

b (R): 15.0050

c (R): 5.6690

Alpha (°): 90.0000

Beta (°): 90.0000

Gamma (°): 90.0000

Calculated density (g/cm3): 2.68

Measured density (g/cm3): 2.94

Volume of cell (106 pm3): 655.33

Z: 1.00

RIR:: 7

Status, subfiles and quality

Status: Marked as deleted by ICDD
Subfiles: Inorganic

Quality: Indexed (I)
Comments

Color: White

Creation Date: 01-Sep-79

Color: White

Deleted Or Rejected By: Deleted by 00-032-0003
General Comments: 2é-calibraion with "Na CI" as internal standard
Melting Point: 1713 K

Sample Preparation: Synthesized in a sealed Pt-tube by solid-state reaction at 1000 C
Unit Cell Data Source: Powder Diffraction.
References

Primary reference: Uhlig et al., Institut fur Kristallographie, Technische Hochschule, Aachen, Germany., ICDD Grant-
in-Aid, (1976)
Unit cell: Scholze., Z. Anorg. Allg. Chem., 284, 272, (1956)



Peak list

No.

CONOOTUTDRA, WN

Stick Pattern

Intensity [%]

HFRAOPOWDRARWPARODLANNWHNOWKHNFEHONONKEFNONFOORO

UUOPMANWOOOUIINODO PN DNMNUDAFH WAUITUITWOFH WNWOFRNENN

WNWHEH PO, OOONOONKEFNFEFNRFREFEFFEFFERNEHFEROFRORREREOO

d [A]
7.51000
5.38000
5.30000
4.52000
4.37000
3.85000
3.75000
3.42000
3.37000
3.12000
2.83500
2.68700
2.65300
2.50900
2.42900
2.34800
2.31200
2.26100
2.18500
2.17000
2.11900
2.09800
1.95000
1.92590
1.87550
1.86540
1.84520
1.82340
1.79130
1.78050
1.71300
1.68760
1.59310
1.56550

100

10

Ref. Pattern

Alumninum Borate, 00-029-0009

0023

I
0.050

0.073 0100 0125 013 0175 0200 0225

Position [Sin*2(°6)] (Copper (Cu})

20 [°]
11.774
16.464
16.714
19.624
20.305
23.083
23.707
26.033
26.426
28.587
31.532
33.318
33.758
35.759
36.978
38.303
38.923
39.838
41.285
41.584
42.633
43.081
46.535
47.152
48.500
48.779
49.349
49.979
50.938
51.269
53.446
54.316
57.831
58.950

I [%]

5.0
100.0
25.0
5.0
40.0
8.0
14.0
10.0
45.0
5.0
10.0
40.0
5.0
20.0

96
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Name and formula

Reference code: 01-086-1449
Mineral name: Baddeleyite, syn
Compound name: Zirconium Oxide
Empirical formula: 0,2Zr

Chemical formula: Zro,

Crystallographic parameters

Crystal system: Monoclinic
Space group: P21/c
Space group number: 14

a (A): 5.1442
b (R): 5.2097
c (A): 5.3112
Alpha (°): 90.0000
Beta (°): 99.2200
Gamma (°): 90.0000
Volume of cell (108 pm3): 140.50
Z: 4.00
RIR: 4.60

Status, subfiles and quality

Status: Alternate Pattern

Subfiles: Alloy, metal or intermetalic, Common Phase, Forensic, ICSD Pattern,
Inorganic, Mineral, Superconducting Material

Quality: Star (S)

Comments

ANX: AX2

ICSD collection code: 82543

Creation Date: 01-Sep-99

Modification Date: 01-Sep-11

Cross-References: ICSD:82543

ANX: AX2

Analysis: 02 7r1

Formula from original source: Zr 02

ICSD Collection Code: 82543

Calculated Pattern Original Remarks: Stable up to 1273 K (2nd ref., Tomaszewski), 1273-2573 K: P42/nmc. For

data obtained at other beam line cf. 82544, 18190 for single crystal data.
Sample Source or Locality: Specimen from Commission on Powder
Diffraction of IUCR. Wyckoff Sequence: e3(P121/C1). Unit Cell Data
Source: Powder Diffraction.

References

Primary reference: Calculated from ICSD using POWD-12++, (1997)
Structure: Gualtieri, A., Norby, P., Hanson, J., Hriljac, J., J. Appl. Crystallogr., 29, 707, (1996)



Peak list

No.

CONOOTUTDRA, WN

NONNNRFRFRFRERNHRNRROFRNOORRKRRKROR

U
WN =

OCRAWNONOKHWUNRNRNWNENACOWWNROURNEWORERON RN

PORRPFP PDWOONNNNWWWNNWWNWNFERFAERFAERFPOWNWREFFRPWHFRFEFNNOONNNNFEFOFFEFNNOFFEFEFNNOONORRFRRERFO

HOWWONARADRARFHENWWFEFNFEFONNOWNWNFEFWWNRENFEFOFOWWREFNNOFRNONMNMNMNNENFEFENFEFNOOFRNOONRKRRFEORDO

d [A]
5.07776
3.69538
3.63627
3.16267
2.83923
2.62129
2.60485
2.53888
2.49809
2.33276
2.31768
2.28228
2.25252
2.21246
2.19056
2.17954
2.06467
2.01932
1.98999
1.98999
1.85898
1.84769
1.81813
1.80298
1.78224
1.69316
1.69316
1.67653
1.65982
1.65680
1.65076
1.64313
1.60919
1.60919
1.59165
1.58133
1.54523
1.53870
1.50893
1.49535
1.47699
1.47699
1.45121
1.44714
1.44714
1.43335
1.42589
1.41961
1.41961
1.41556
1.36083
1.35185
1.34873
1.33900
1.32483
1.32483
1.32132
1.31065
1.30842
1.30242
1.30006
1.28563
1.26944
1.26400

20 [°]
17.451
24.063
24.460
28.193
31.484
34.179
34.401
35.324
35.920
38.563
38.824
39.451
39.994
40.750
41.176
41.394
43.812
44.849
45.547
45.547
48.959
49.278
50.134
50.585
51.216
54.123
54.123
54.705
55.302
55.412
55.632
55.913
57.199
57.199
57.889
58.303
59.802
60.082
61.393
62.012
62.870
62.870
64.119
64.321
64.321
65.015
65.398
65.723
65.723
65.935
68.951
69.474
69.658
70.238
71.103
71.103
71.320
71.991
72.133
72.518
72.671
73.620
74.717
75.094

I [%]
6.8
17.8
13.9
100.0
70.1
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122
123
124
125
126
127
128
129
130
131
132

AANWWORAHFFP WOUUWNFWARARAMANFEFDAMNPRANWWWWWHONRFORNNARARNMNONADANWWDRARAFEHWDARWNNNNFEHEAERNWWAFR,OOWWRERDNMAEDN

NFFNDADNNWHUOUORAODOOWUIFOFHAUITWWADNWNWANFHFWDAWANFEFNRAOFHEFEFNRNOFHWNWARAMWNDANWOFRHFHE,AANWWORFO

1.26158
1.24454
1.23783
1.23335
1.23179
1.22931
1.22254
1.22254
1.21462
1.21462
1.21209
1.21209
1.19336
1.18961
1.18961
1.18217
1.18217
1.17838
1.17079
1.16725
1.16725
1.16093
1.16093
1.15884
1.15488
1.15228
1.15228
1.14938
1.14938
1.14114
1.12741
1.11950
1.11448
1.10671
1.10671
1.10317
1.09528
1.09083
1.08308
1.07683
1.07185
1.06213
1.05502
1.05502
1.05154
1.04613
1.04429
1.04277
1.03973
1.03466
1.03205
1.03205
1.03121
1.02790
1.02482
1.02482
1.02067
1.01555
1.01400
1.00953
1.00953
1.00409
1.00263
0.99931
0.99931
0.99515
0.99515
0.99411

75.263
76.478
76.968
77.300
77.416
77.601
78.112
78.112
78.720
78.720
78.916
78.916
80.404
80.710
80.710
81.324
81.324
81.641
82.285
82.589
82.589
83.138
83.138
83.321
83.671
83.903
83.903
84.163
84.163
84.912
86.196
86.956
87.446
88.218
88.218
88.575
89.383
89.846
90.667
91.342
91.888
92.978
93.794
93.794
94.200
94.840
95.060
95.242
95.610
96.231
96.555
96.555
96.660
97.075
97.466
97.466
97.998
98.665
98.869
99.464
99.464
100.199
100.399
100.857
100.857
101.438
101.438
101.585
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133
134
135
136
137
138
139
140
141
142
143
144
145
146
147
148
149
150
151
152
153
154
155
156
157
158
159
160
161
162
163
164
165
166
167
168
169
170
171
172
173
174
175
176
177
178
179
180
181
182
183
184
185
186
187
188
189
190
191
192
193
194
195
196
197
198
199

LrohroubwNnGg A A NARDAWUOWWL

Wa A

[
U w
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WHRONPAMPRPORH PP UOUWUOUNFOOOWRARWWUIULUUND PUITUUNWONNREFNRARPDNWUWDRANDADANUOWOFWNFEFRERNNUOUOOUUNRFERFRENWRE

HHEAANMPOFRFODPRONVNDPWUNNUUOPMOOOHUIFHFOWNDMMLWWLWWUNUODDRAUIFORNNDDRAPWDDWNF WNWWODRARRFHUIFENDDONUUIODAOIEN

0.98456
0.98267
0.98267
0.97804
0.97804
0.97267
0.96825
0.96419
0.96419
0.96164
0.95846
0.95643
0.95643
0.95215
0.94809
0.94641
0.94641
0.94092
0.94092
0.93858
0.93858
0.93571
0.93481
0.92940
0.92940
0.92756
0.92641
0.92307
0.91517
0.91352
0.90907
0.90776
0.90463
0.90463
0.90333
0.89965
0.89759
0.89759
0.89494
0.89398
0.89137
0.89137
0.88950
0.88729
0.88729
0.88528
0.88528
0.87888
0.87665
0.87337
0.87337
0.86834
0.86834
0.86663
0.86663
0.86332
0.86332
0.86173
0.86173
0.85833
0.85661
0.85300
0.85241
0.85036
0.84833
0.84599
0.84599

102.958
103.235
103.235
103.923
103.923
104.734
105.416
106.052
106.052
106.456
106.967
107.296
107.296
107.998
108.677
108.961
108.961
109.902
109.902
110.311
110.311
110.818
110.978
111.954
111.954
112.291
112.504
113.128
114.641
114.964
115.850
116.114
116.752
116.752
117.019
117.789
118.227
118.227
118.797
119.005
119.578
119.578
119.991
120.487
120.487
120.945
120.945
122.434
122.968
123.765
123.765
125.021
125.021
125.458
125.458
126.314
126.314
126.735
126.735
127.647
128.116
129.124
129.290
129.875
130.466
131.158
131.158

100



Stick Pattern

Intensity [%]
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Name and formula

Reference code: 01-087-0652
Mineral name: Periclase
Compound name: Magnesium Oxide
Empirical formula: MgO

Chemical formula: MgO

Crystallographic parameters

Crystal system: Cubic
Space group: Fm-3m
Space group number: 225

a (R): 42110
b (R): 42110
c (A): 42110
Alpha (°): 90.0000
Beta (°): 90.0000
Gamma (°): 90.0000
Volume of cell (106 pm3): 74.67
Z: 4.00
RIR: 3.04

Status, subfiles and quality

Status: Alternate Pattern

Subfiles: Pharmaceutical, Common Phase, Inorganic, Forensic, Mineral, Alloy, metal
or intermetalic, Cement and Hydration Product, Superconducting Material,
ICSD Pattern

Quality: Indexed (I)

Comments

ANX: AX

ICSD collection code: 64929

Creation Date: 01-Sep-00

Modification Date: 01-Sep-11

Cross-References: ICSD:64929

ANX: AX

Analysis: Mgl O1

Formula from original source: Mg O

ICSD Collection Code: 64929

Minor Warning: No e.s.d reported/abstracted on the cell dimension. No R factors
reported/abstracted

Wyckoff Sequence: b a(FM3-M)

Unit Cell Data Source: Single Crystal.

References

Primary reference: Calculated from ICSD using POWD-12++, (1997)
Structure: Wyckoff, RW.G., Z. Kristallogr., Kristallgeom., Kristallphys., Kristallchem., 62, 529, (1925)



Position [5in*2 (%6} (Copper (Cul}

Peak list
No. h | d[A] 20 [°] I[%]
1 1 1 1 2.43122 36.943 11.3
2 2 0 0 2.10550 42.920 100.0
3 2 2 0 1.48881 62.315 45.4
4 3 1 1 1.26966 74.702 5.1
5 2 2 2 1.21561 78.643 11.3
6 4 0 0 1.05275 94.058 4.2
7 3 3 1 0.96607 105.756 1.6
8 4 2 0 0.94161 109.784 10.5
9 4 2 2 0.85957 127.312 8.1
10 5 1 1 0.81041 143.797 1.2
Stick Pattern
Intensity [%]
100 - - -
1Ref. Fettern: Magnesium Cedde, 01-087-0652
107
L ———————— e T ||'
0.100 0.2 0.300 040 0500 Q600 0.700 0.800 0.500
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Name and formula

Reference code: 01-071-6332

Compound name: Magnesium Aluminum Oxide

Common name: spinel HP, magnesium dialuminum oxide
Empirical formula: Al,MgO,

Chemical formula: MgAl, 0,4

Crystallographic parameters

Crystal system: Cubic
Space group: Fd-3m
Space group number: 227

a (A): 8.0776
b (R): 8.0776
c (A): 8.0776
Alpha (°): 90.0000
Beta (°): 90.0000
Gamma (°): 90.0000
Volume of cell (108 pm3): 527.04
Z: 8.00
RIR: 1.71

Status, subfiles and quality

Status: Diffraction data collected at non ambient pressure, Alternate Pattern
Subfiles: Common Phase, Inorganic, Forensic, Mineral, ICSD Pattern
Quality: Star (S)

Comments

ANX: AB2X4

ICSD collection code: 77584

Creation Date: 01-Sep-05

Modification Date: 01-Sep-11

Cross-References: ICSD:77584

ANX: AB2X4

Analysis: Al2 Mgl 04

Formula from original source: Mg Al2 04

ICSD Collection Code: 77584

Pressure of Datacollection: 1000 MPa

Sample Source or Locality: Specimen from SE Asia

Wyckoff Sequence: e d a(FD3-Mz)

Unit Cell Data Source: Single Crystal.

References

Primary reference: Calculated from ICSD using POWD-12++
Structure: Finger, L.W., Hazen, R.M., Hofmeister, A.M., Phys. Chem. Miner., 13, 215, (1986)

Peak list
No. h k I d [A] 20 [°] I[%]
1 1 1 1 4.66360 19.015 36.2
2 2 2 0 2.85586 31.296 34.5
3 3 1 1 2.43549 36.876 100.0
4 2 2 2 2.33180 38.579 0.8
5 4 0 0 2.01940 44,847 53.5



Position [5in*2(*6)] (Copper (Cul}

6 3 3 1 1.85313 49.124 0.2
7 4 2 2 1.64883 55.703 8.5
8 5 1 1 1.55453 59.408 43.3
9 4 4 0 1.42793 65.293 61.7
10 5 3 1 1.36536 68.690 2.9
11 4 4 2 1.34627 69.804 0.2
12 6 2 0 1.27718 74.188 2.3
13 5 3 3 1.23182 77.413 8.4
14 6 2 2 1.21774 78.479 1.0
15 4 4 4 1.16590 82.705 5.0
16 7 1 1 1.13109 85.847 2.3
17 6 4 2 1.07941 91.062 3.8
18 7 3 1 1.05161 94.192 10.8
19 8 0 0 1.00970 99.441 6.0
20 7 3 3 0.98684 102.626 0.2
21 6 4 4 0.97955 103.697 0.1
22 8 2 2 0.95195 108.031 1.9
23 7 5 1 0.93272 111.352 7.4
24 6 6 2 0.92656 112.475 0.8
25 8 4 0 0.90310 117.067 5.0
26 9 1 1 0.88663 120.637 1.0
27 8 4 2 0.88134 121.856 0.2
28 6 6 4 0.86107 126.909 0.3
29 9 3 1 0.84676 130.927 7.2
30 8 4 4 0.82442 138.249 13.1
31 9 3 3 0.81183 143.188 0.5
Stick Pattern
Intensity [%]
100 - - - = =
1Ref, Fattern: Mpgnesium Aluminum Csade, 01-071-6332
10
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Name and formula

Reference code:

Mineral name:
Compound name:

Empirical formula:
Chemical formula:

Crystallographic parameters

Crystal system:
Space group:

Space group number:

a (A):

b (R):

c (A):
Alpha (°):
Beta (°):
Gamma (°):

Z:

RIR:

Status, subfiles and quality

Volume of cell (106 pm3):

Status:
Subfiles:
Quality:
Comments

ANX:

ICSD collection code:

Creation Date:
Modification Date:
Cross-References:
ANX:

Analysis:

Formula from original source:
ICSD Collection Code:
Calculated Pattern Original Remarks:

References

106

01-089-3072

Corundum, syn
Aluminum Oxide

Al,04
Al,0,

Rhombohedral
R-3c
167

4.7600
4.7600
12.9900
90.0000
90.0000
120.0000

254.89
6.00

2.63

Alternate Pattern

Alloy, metal or intermetalic, Cement and Hydration Product, Common
Phase, Forensic, ICSD Pattern, Inorganic, Mineral, Pharmaceutical,
Superconducting Material

Blank (B)

A2X3

43732

01-Sep-02

01-Sep-11

ICSD:43732

A2X3

Al2 O3

Al2 O3

43732

Cell from 2nd reference: 4.7591(4), 12.9894(30). Minor Warning: No e.s.d
reported/abstracted on the cell dimension. Significant Warning: 12%<R
factor (for single crystal). Wyckoff Sequence: e c(R3-CH). Unit Cell Data
Source: Single Crystal.

Primary reference: Calculated from ICSD using POWD-12++
Structure: Graham, 1., J. Phys. Chem. Solids, 17, 18, (1960)
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Peak list
No. h k I d [A] 20 [°] I[%]

1 0 1 2 3.48045 25.573 100.0

2 1 0 4 2.55099 35.151 0.1

3 1 1 0 2.38000 37.768 16.2

4 0 0 6 2.16500 41.685 0.1

5 1 1 3 2.08570 43.348 32.6

6 2 0 2 1.96459 46.169 7.2

7 0 2 4 1.74023 52.545 0.7

8 1 1 6 1.60151 57.499 30.6

9 2 1 1 1.54699 59.727 1.0
10 1 2 2 1.51509 61.117 7.5
11 0 1 8 1.51077 61.311 8.0
12 2 1 4 1.40476 66.508 0.2
13 3 0 0 1.37409 68.193 16.2
14 1 2 5 1.33620 70.407 0.4
15 2 0 8 1.27550 74.302 5.6
16 1 0 10 1.23894 76.887 1.1
17 1 1 9 1.23413 77.242 2.3
18 2 1 7 1.19326 80.413 0.3
19 2 2 0 1.19000 80.678 1.7
20 0 3 6 1.16015 83.206 0.2
21 2 2 3 1.14746 84.336 1.2
22 1 3 1 1.13891 85.118 0.1
23 3 1 2 1.12600 86.330 4.0
24 1 2 8 1.12423 86.499 5.8
25 0 2 10 1.09896 89.004 1.1
26 0 0 12 1.08250 90.729 0.5
27 1 3 4 1.07843 91.168 0.1
28 3 1 5 1.04646 94.800 0.1
29 2 2 6 1.04285 95.233 4.0
30 0 4 2 1.01784 98.365 1.6
31 2 1 10 0.99773 101.077 1.3
32 1 1 12 0.98536 102.840 0.1
33 4 0 4 0.98229 103.290 0.1
34 1 3 7 0.97340 104.623 0.1
35 3 2 1 0.94322 109.506 0.1
36 1 2 11 0.94113 109.866 0.1
37 2 3 2 0.93585 110.793 0.7
38 3 1 8 0.93483 110.975 1.8
39 2 2 9 0.91817 114.059 0.5
40 3 2 4 0.90800 116.065 0.2
41 0 1 14 0.90521 116.633 0.9
42 4 1 0 0.89956 117.810 1.3
43 2 3 5 0.88867 120.178 0.1
44 4 1 3 0.88075 121.994 0.7
45 0 4 8 0.87011 124.574 0.5
46 1 3 10 0.85824 127.672 0.4
47 0 3 12 0.85033 129.884 1.0
48 2 0 14 0.84608 131.130 0.5
49 3 2 7 0.84261 132.181 0.1
50 2 1 13 0.84112 132.640 0.1
51 1 4 6 0.83070 136.031 3.5
52 3 1 11 0.82142 139.361 0.1
53 2 3 8 0.81721 140.984 2.5
54 1 1 15 0.81380 142.363 0.5
55 4 0 10 0.80735 145.149 0.1
56 2 2 12 0.80076 148.293 0.1
57 0 5 4 0.79911 149.138 0.1



Stick Pattern
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Name and formula

Reference code:

Mineral name:
ICSD name:

Empirical formula:
Chemical formula:

01-086-2270

Anhydrite
Calcium Sulfate

Ca0,S
Ca(SOy)

Crystallographic parameters

Crystal system:
Space group:
Space group number:

a (A):

b (A):

c (A):
Alpha (°):
Beta (°):
Gamma (°):

Calculated density (g/cm”3):

Measured density (g/cm”3):
Volume of cell (10"6 pm~3):
Z:

RIR:

Subfiles and Quality

Subfiles:

Quality:
Comments
Sample source:
Additional pattern:

ICSD collection code:
Test from ICSD:

References

Primary reference:
Structure:

Orthorhombic
Amma
63

.9930
.9950

6.2450
90.0000
90.0000
90.0000

2.96
2.96
305.48
4.00

Inorganic
Mineral
Pharmaceutical
ICSD Pattern
Calculated (C)

Specimen from Leopoldshall, Stassfurt, Germany.
See PDF 72-916.

040043

Calc. density unusual but tolerable.

Calculated from ICSD using POWD-12++, (1997)
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(1975)



Peak list

No. h k 1 d [A] 2Theta[deg] I [%]
1 0 1 1 4.65856 19.035 0.2
2 1 1 1 3.87704 22.920 4.7
3 0 2 0 3.49750 25.447 100.0
4 0 0 2 3.12250 28.564 2.4
5 1 0 2 2.85118 31.349 35.0
6 2 1 1 2.79646 31.978 1.9
7 2 2 0 2.47275 36.301 11.6
8 0 2 2 2.32928 38.623 16.1
9 1 2 2 2.20991 40.799 23.4
10 0 3 1 2.18438 41.298 5.7
11 1 3 1 2.08460 43.372 6.2
12 0 1 3 1.99519 45.421 4.5
13 2 2 2 1.93852 46.827 3.2
14 1 1 3 1.91863 47.342 0.4
15 3 0 2 1.86792 48.709 13.9
16 2 3 1 1.85257 49.140 2.4
17 0 4 0 1.74875 52.270 6.5
18 2 1 3 1.73291 52.784 0.2
19 3 2 2 1.64766 55.746 13.4
20 3 3 1 1.59390 57.800 1.0
21 2 4 0 1.56404 59.011 5.9
22 0 0 4 1.56125 59.127 3.3
23 0 4 2 1.52576 60.645 1.7
24 1 0 4 1.52374 60.733 1.0
25 1 3 3 1.51593 61.080 0.7
26 1 4 2 1.49069 62.228 5.8
27 0 2 4 1.42566 65.410 3.2
28 2 3 3 1.41919 65.745 0.5
29 1 2 4 1.39692 66.930 2.6
30 0 5 1 1.36493 68.715 0.2
31 1 5 1 1.33953 70.207 0.1
32 2 2 4 1.32014 71.394 3.9
33 3 0 4 1.29717 72.859 1.7
34 3 4 2 1.27660 74.228 5.2
35 4 4 0 1.23638 77.075 1.4
36 0 1 5 1.22955 77.583 0.1
37 3 2 4 1.21622 78.596 2.8
38 5 2 2 1.19905 79.946 2.2
39 3 5 1 1.17801 81.672 0.1
40 0 6 0 1.16583 82.711 2.6
41 0 4 4 1.16464 82.814 2.2
42 0 5 3 1.16114 83.119 1.2
43 2 1 5 1.15993 83.225 0.4
44 4 4 2 1.14882 84.214 1.2
45 1 5 3 1.14525 84.537 0.7
46 6 1 1 1.13065 85.889 0.1
47 2 6 0 1.10572 88.318 3.8
48 2 4 4 1.10496 88.394 4.0
49 2 5 3 1.10197 88.697 2.1
50 6 0 2 1.09192 89.733 0.4

110



111

Stick Pattern

Intensity %]
100

Ref. Pattemn: Anhyvdnite, 01-088-22T0

i

1 ||| 11 I|| ||II|| 1
0 IIIII_III """"" I
2 10 40 &0 &0 ] &0 an

Posifion [T heta]




Name and formula

Reference code:

Mineral name:
ICSD name:

Empirical formula:
Chemical formula:

01-083-2465

Quartz low, syn
Silicon Oxide

0,Si
Si0,

Crystallographic parameters

Crystal system:
Space group:
Space group number:

a (A):

b (A):

c (A):
Alpha (°):
Beta (°):
Gamma (°):

Calculated density (g/cm”3):

Measured density (g/cm”3):
Volume of cell (10"6 pm~3):
Z:

RIR:

Subfiles and Quality

Subfiles:

Quality:
Comments
Additional pattern:

ICSD collection code:
Test from ICSD:

References

Primary reference:
Structure:

Hexagonal
P3121
152

4.9148
4.9148
5.4062
90.0000
90.0000
120.0000

2.65
2.66
L1 3:50:9
3.00

Inorganic

Mineral

Alloy, metal or intermetalic
Pharmaceutical

ICSD Pattern

Calculated (C)

See PDF 46-1045 and 33-1161.

200721
At least one TF implausible.

Calc. density unusual but tolerable.

At least one TF missing.

Calculated from ICSD using POWD-12++
Jorgensen, J.D., J. Appl. Phys., 49, 5473, (1978)
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Peak list

No. h k 1 d [A] 2Theta[deg] I [%]
1 1 0 0 4.25634 20.853 21.0
2 1 0 1 3.34425 26.634 100.0
3 1 1 0 2.45740 36.536 6.5
4 0 1 2 2.28183 39.459 6.6
5 1 1 1 2.23713 40.281 2.9
6 2 0 0 2.12817 42.441 4.5
7 0 2 1 1.98026 45.783 2.6
8 1 1 2 1.81832 50.128 10.8
9 0 0 3 1.80207 50.612 0.3
10 2 0 2 1.67212 54.861 3.3
11 1 0 3 1.65946 55.315 1.3
12 2 1 0 1.60875 57.217 0.2
13 2 1 1 1.54192 59.943 7.1
14 1 1 3 1.45320 64.021 1.4
15 3 0 0 1.41878 65.767 0.3
16 2 1 2 1.38244 67.725 4.1
17 0 2 3 1.37526 68.127 5.2
18 3 0 1 1.37231 68.294 5.4
19 0 1 4 1.28817 73.451 1.5
20 0 3 2 1.25625 75.639 1.9
21 2 2 0 1.22870 77.647 1.0
22 1 2 3 1.20010 79.862 2.1
23 2 2 1 1.19814 80.019 1.2
24 1 1 4 1.18425 81.152 1.7
25 3 1 0 1.18050 81.464 2.3
26 3 1 1 1.15332 83.810 1.1
27 0 2 4 1.14092 84.933 0.2
28 2 2 2 1.11856 87.047 0.1
29 0 3 3 1.11475 87.420 0.2

Stick Pattern

Intensity [%]
100

Ref. Pattefn: Quartz low, syn, 01-083-2465

504

o] 0 40 ] 60
Posiion [*2T heta]

| T S 'S

113



Name and formula

Reference code:
ICSD name:

Empirical formula:
Chemical formula:

01-081-1849
Calcium Sulfate Hydrate

CaHO, S
Ca (SOy4) (Hy0 )5

Crystallographic parameters

Crystal system:
Space group:
Space group number:

a (A):

b (A):

c (A):
Alpha (°):
Beta (°):
Gamma (°):

Calculated density (g/cm”"3):

Volume of cell (1076 pm”"3):
Z:

RIR:

Subfiles and Quality

Subfiles:

Quality:
Comments
General comments:
ICSD collection code:
Test from ICSD:
References

Primary reference:
Structure:

Monoclinic
12
5

12.0275

6.9312
12.6919
90.0000
90.1800
90.0000

2% 03
1058.06
12.00

509

Inorganic
ICSD Pattern
Hypothetical (H)

TF are of mixed type.

TF are converted prior to pattern calculation.
073263

No R value given.

At least one TF missing.

Calculated from ICSD using POWD-12++

Abriel, W., Nesper, R., Z. Kristallogr., 205, 99, (1993)
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Peak list

No. h k 1 d [A] 2Theta[deg] I [%]
1 -1 0 1 8.74384 10.108 0.8
2 2 0 0 6.00537 14.739 100.0
3 -1 1 2 4.36528 20.327 2.9
4 -2 1 1 4.27347 20.769 1.1
5 -1 0 3 3.98700 22.280 2.4
6 -3 0 1 3.82640 23.227 0.6
7 0 1 3 3.61109 24.633 1.7
8 3 1 0 3.47041 25.649 42.1
9 -1 2 1 3.22040 27.678 0.8
10 0 0 4 3.17296 28.100 0.1
11 2 1 3 3.09218 28.850 1.1
12 0 2 2 3.04136 29.343 10.5
13 4 0 0 3.00269 29.729 71.8
14 -3 0 3 2.91461 30.649 0.6
15 3 0 3 2.90549 30.748 0.5
16 1 1 4 2.80363 31.894 66.0
17 -4 0 2 2.72057 32.895 3.3
18 4 0 2 2.71254 32.995 6.2
19 -1 2 3 2.61781 34.226 0.4
20 -3 2 1 2.56657 34.931 0.3
21 -1 0 5 2.48208 36.160 0.1
22 -5 0 1 2.36477 38.021 0.2
23 -3 1 4 2.34491 38.355 2.3
24 0 2 4 2.34025 38.435 4.0
25 -4 1 3 2.31374 38.893 0.1
26 4 1 3 2.30764 39.000 0.1
27 4 2 0 2.26892 39.693 2.7
28 3 2 3 2.22652 40.482 0.2
29 -2 1 5 2.21809 40.642 0.4
30 2 1 5 2.21361 40.728 0.3
31 -4 0 4 2.18596 41.267 1.2
32 2 2 4 2.17923 41.400 2.9
33 -5 1 2 2.14149 42.164 6.5
34 4 2 2 2.13606 42.276 13.4
35 0 0 6 2.11531 42.711 9.9
36 5 0 3 2.08828 43.292 0.1
37 -1 2 5 2.01961 44,842 0.1
38 6 0 0 2.00179 45.263 1.4
39 -2 0 6 1.99614 45.399 1.0
40 -5 2 1 1.95182 46.489 0.2
41 -3 3 2 1.90992 47.571 6.1
42 -6 1 1 1.90472 47.709 3.5
43 -5 1 4 1.84889 49.244 18.6
44 -1 3 4 1.84612 49.323 32.5
45 -3 2 5 1.82556 49.916 0.4
46 3 2 5 1.82182 50.025 0.3
47 -4 3 1 1.81275 50.293 0.2
48 -3 1 6 1.80841 50.422 0.2
49 0 2 6 1.80555 50.508 0.3
50 -1 0 7 1.79369 50.865 0.1
51 5 2 3 1.78865 51.019 0.1
52 -6 1 3 1.75464 52.081 0.1
53 6 1 3 1.75065 52.209 0.1
54 5 0 5 1.74329 52.446 0.2
55 6 2 0 1.73521 52.709 3.5
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114 6 4 2 1.28281 73.808 0.6
115 -9 0 3 1.27547 74.304 0.1
116 -8 2 4 1.26624 74.939 1.8
117 7 3 4 1.26311 75.156 4.3
118 4 1 9 1.25417 75.786 0.1
119 -4 5 1 1.25259 75.899 0.1
120 -3 3 8 1.24430 76.495 3.2
121 6 0 8 1.24212 76.654 2.7
Stick Pattern
Intenaity %]
® Ref. Patpem: Calciom Sul &te Hydrate, 01-081-1843
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Name and formula

Reference code:
ICSD name:

Empirical formula:
Chemical formula:

01-080-0787
Calcium Sulfate

Ca0,S
Ca(S0y)

Crystallographic parameters

Crystal system:
Space group:
Space group number:

a (A):

b (A):

c (A):
Alpha (°):
Beta (°):
Gamma (°):

Calculated density (g/cm”"3):
Volume of cell (10"6 pm”3):
Z:

RIR:

Orthorhombic
Bmmb
63

.9920
.9990

6.2400
90.0000
90.0000
90.0000

28916
305.37

Status, subfiles and quality

Status:
Subfiles:

Quality:
Comments

ICSD collection code:
Test from ICSD:
References

Primary reference:
Structure:

Marked as deleted by ICDD
Inorganic

Corrosion

Pharmaceutical

ICSD Pattern

Calculated (C)

068592
No R value given.
At least one TF missing.

Calculated from ICSD using POWD-12++, (1997)
Hartman, P., Eur. J. Mineral., 1, 721, (1989)
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Peak list

No. h k 1 d [A] 2Theta[deg] I [%]
1 1 0 1 4.65560 19.048 0.1
2 1 1 1 3.87635 22.924 5.0
3 0 2 0 3.49950 25.432 100.0
4 0 0 2 3.12000 28.587 2.1
5 0 1 2 2.84968 31.366 30.8
6 1 2 1 2.79735 31.968 3.2
7 2 2 0 2.47328 36.293 7.0
8 0 2 2 2.32780 38.648 17.4
9 2 1 2 2.20883 40.820 18.8
10 3 0 1 2.18334 41.318 5.9
11 1 3 1 2.08577 43.346 5.8
12 1 0 3 1.99365 45.458 4.2
13 2 2 2 1.93817 46.836 2.9
14 1 1 3 1.91738 47.375 0.3
15 0 3 2 1.86841 48.696 12.5
16 3 2 1 1.85239 49.145 2.9
17 0 4 0 1.74800 52.294 6.6
18 1 2 3 1.73227 52.805 0.3
19 2 3 2 1.64784 55.739 11.9
20 1 4 1 1.63789 56.108 0.5
21 3 3 1 1.59414 57.790 2.1
22 2 4 0 1.56377 59.022 2.6
23 0 0 4 1.56000 59.179 1.6
24 0 4 2 1.52497 60.679 2.4
25 0 1 4 1.52264 60.782 1.4
26 1 3 3 1.51507 61.118 0.9
27 4 1 2 1.49002 62.259 4.0
28 0 2 4 1.42460 65.464 2.2
29 3 2 3 1.41863 o5p €1G 0.9
30 2 4 2 1.39867 66.835 1.3
31 2 1 4 1.39598 66.981 1.9
32 3 4 1 1.36539 68.688 0.6
33 1 5 1 1.34052 70.147 0.1
34 2 2 4 1.31946 71.436 3.5
35 0 3 4 1.29680 72.883 1.2
36 0 5 2 1.27647 74.236 4.4
37 4 4 0 1.23604 77.056 0.7
38 1 0 5 1.22858 77.656 0.1
39 2 3 4 1.21585 78.625 2.7
40 1 1 5 1.21008 79.073 0.2
41 2 5 2 1.19961 79.901 1.5
42 3 5 1 1.17787 81.684 0.3
43 0 6 0 1.16650 82.653 1.7
44 6 0 0 1.16533 82.755 1.8
45 0 4 4 1.16390 82.879 1.6
46 3 4 3 1.16051 83.175 0.9
47 1 2 5 1.15922 83.288 0.4
48 4 4 2 1.14963 84.141 0.3
49 4 1 4 1.14813 84.276 0.7
50 1 5 3 1.145061 84.504 0.4
51 1 6 1 1.13152 85.807 0.1
52 2 o 0 1.10653 88.236 1.6
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53 2 4
54 5 2
55 3 0
56 0 6
57 6 0

Stick Pattern

4 1.10475 88.415 3.2
3 1.10152 88.743 1.6
5 1.10020 88.877 0.4
2 1.09263 89.658 0.1
2 1.09167 89.759 0.1

Intensity 3]
® Ref. Patteqn: Calciom Sul &te, 01-080-0787
50
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Name and formula

Reference code:

Mineral name:
ICSD name:

Empirical formula:
Chemical formula:

01-076-0935

Cristobalite low
Silicon Oxide

0,Si
Si0,

Crystallographic parameters

Crystal system:
Space group:
Space group number:

a (A):

b (A):

c (A):
Alpha (°):
Beta (°):
Gamma (°):

Calculated density (g/cm”3):

Volume of cell (10"6 pm”3):
Z:

RIR:

Subfiles and Quality

Subfiles:

Quality:
Comments
Sample source:
Additional pattern:
ICSD collection code:
References
Primary reference:

Structure:

Peak list

Tetragonal
P41212
92

4.9787
4.9787
6.9502
90.0000
90.0000
90.0000

2.32
172.28

Inorganic

Mineral

Alloy, metal or intermetalic
Corrosion

Pharmaceutical

ICSD Pattern

Calculated (C)

Specimen from Ellora Caves, India.
See PDF 39-1425 and PDF 82-1556.
034927

Calculated from ICSD using POWD-12++, (1997)
Peacor, D.R., Z. Kristallogr., Kristallgeom., Kristallphys.,

Kristallchem., 138, 274, (1973)
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No. h k 1 d [A] 2Thetal[deg] I [%]
1 1 0 1 4.04740 21.943 100.0
2 1 1 0 3.52047 25.278 0.7
3 1 1 1 3.14056 28.396 8.5
4 1 0 2 2.84960 31.366 10.3
5 2 0 0 2.48935 36.051 12.6
6 1 1 2 2.47315 36.295 4.3
7 2 0 1 2.34356 38.378 0.1
8 2 1 0 2.22654 40.481 0.1
9 2 1 1 2.12039 42.604 2.6

10 1 0 3 2.10046 43.028 0.2
11 2 0 2 2.02370 44,747 2.0
12 1 1 3 1.93528 46.910 4.5
13 2 1 2 1.87475 48.520 4.6
14 2 2 0 1.76024 51.903 0.4
15 0 0 4 1.73755 52.632 0.7
16 2 2 1 1.70636 53.671 0.1
17 2 0 3 1.69592 54.028 2.2
18 1 0 4 1.64051 56.010 0.4
19 3 0 1 1.61419 57.006 3.2
20 2 1 3 1.60534 57.349 1.2
21 3 1 0 1.57440 58.585 0.4
22 2 2 2 1.57028 58.753 0.5
23 1 1 4 1.55811 59.258 0.1
24 3 1 1 1.53550 60.220 2.3
25 3 0 2 1.49756 61.911 2.5
26 3 1 2 1.434009 064.978 2.0
27 2 0 4 1.42480 65.454 1.3
28 2 2 3 1.40157 66.679 1.2
29 3 2 0 1.38084 67.814 0.1
30 2 1 4 1.36981 68.436 2.0
31 3 2 1 1.35437 69.326 0.9
32 3 0 3 1.34913 69.634 0.6
33 1 0 5 1.33884 70.248 1.6
34 3 1 3 1.30217 72.534 1.9
35 1 1 5 1.29291 73.138 0.1
36 3 2 2 1 MA8R25 73.779 1.9
37 4 0 0 1.24468 76.468 0.1
38 2 2 4 1.23658 77.001 0.6
39 4 0 1 1.22518 77.912 0.9
40 2 0 5 1.21365 78.795 0.1
41 4 1 0 1.20751 79.274 1.2
42 3 0 4 1.20011 79.861 0.1
43 4 1 1 1.18969 80.704 0.3
44 3 2 3 1.18614 80.995 1.2
45 2 1 5 1.17912 81.579 1.2
46 3 3 0 1.17349 82.055 0.3
47 4 0 2 1.17178 82.200 0.3
48 3 1 4 1.16670 82.636 0.7
49 3 3 1 1.15711 83.474 0.4
50 4 1 2 1.14062 84.960 0.2
51 1 0 6 1.12823 86.118 0.1
52 3 3 2 1.11181 87.710 0.4
53 1 1 6 1.10033 88.8604 1.4
54 4 2 1 1.09926 88.973 1.0
55 4 0 3 1.09645 89.262 0.8
56 2 2 5 1.09090 89.839 0.1
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Name and formula

Reference code:

Mineral name:
ICSD name:

Empirical formula:
Chemical formula:

01-072-0916

Anhydrite
Calcium Sulfate

Ca0,S
Ca(SOy)

Crystallographic parameters

Crystal system:
Space group:
Space group number:

a (A):

b (A):

c (A):
Alpha (°):
Beta (°):
Gamma (°):

Calculated density (g/cm”3):

Volume of cell (10"6 pm"3):
Z:

RIR:

Subfiles and Quality

Subfiles:

Quality:
Comments

Sample source:
Additional pattern:

ICSD collection code:
Test from ICSD:

References

Primary reference:
Structure:

Orthorhombic
Amma
63

7.0060
6.9980
6.2450
90.0000
90.0000
90.0000

2.95
306.18

Inorganic
Mineral
Pharmaceutical
ICSD Pattern
Calculated (C)

Specimen from Stassfurt, West Germany.

See PDF 37-1496, PDF 72-503, PDF 74-2421 and PDF
862270.

016382

Published coordinates have been corrected.

Calculated from ICSD using POWD-12++, (1997)
Kirfel, A., Will, G., Acta Crystallogr., Sec. B, 36, 2881,
(1980)
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Peak list

No. h k 1 d [A] 2Theta[deg] I [%]
1 0 1 1 4.65944 19.032 0.1
2 1 1 1 3.87976 22.904 5.2
3 2 0 0 3.50300 25.406 100.0
4 0 0 2 3.12250 28.564 2.2
5 1 0 2 2.85206 31.339 32.6
6 2 1 1 2.79997 31.937 3.2
7 2 2 0 2.47558 36.258 7.7
8 2 0 2 2.32972 38.615 17.7
9 1 2 2 2.21070 40.784 19.7
10 0 3 1 2.18520 41.282 6.0
11 3 1 1 2.08778 43.303 6.1
12 0 1 3 1.99526 45.420 4.4
13 2 2 2 1.93988 46.792 3.1
14 1 1 3 1.91896 47.333 0.4
15 3 0 2 1.87015 48.647 13.7
16 2 3 1 1.85404 49.098 3.0
17 4 0 0 1.75150 52.182 6.2
18 0 4 0 1.74950 52.246 6.4
19 2 1 3 1.73375 52.757 0.3
20 3 2 2 1.64934 55.684 12.9
21 4 1 1 1.63949 56.048 0.5
22 3 3 1 1.59561 57.732 2.1
23 4 2 0 1.56516 58.965 2.9
24 0 0 4 1.56125 59.127 1.7
25 4 0 2 1.52626 60.623 2.5
26 1 0 4 1.52387 60.728 1.5
27 3 1 3 1.51633 61.062 0.9
28 1 4 2 1.49128 62.200 4.5
29 2 0 4 1.42576 65.404 2.6
30 2 3 3 1.41985 65.711 0.9
31 4 2 2 1.39998 66.765 1.4
32 1 2 4 1.39712 66.919 2.3
33 4 3 1 1.36667 68.615 0.6
34 5 1 1 1.34184 70.068 0.1
35 1 5 1 1.34049 70.149 0.1
36 2 2 4 1.32057 71.367 4.1
37 4 1 3 1.31629 71.635 2.2
38 3 0 4 1.29792 72.810 1.5
39 5 0 2 1.27761 74.159 4.9
40 4 4 0 1.23779 76.971 0.8
41 0 1 5 1.22957 77.582 0.1
42 3 2 4 1.21690 78.544 3.3
43 1 1 5 1.21106 78.996 0.2
44 5 2 2 1.20075 79.810 1.9
45 5 3 1 1.17892 81.596 0.3
46 6 0 0 1.16767 82.552 1.9
47 0 6 0 1.16633 82.668 1.9
48 4 0 4 1.16486 82.795 2.0
49 4 3 3 1.16207 83.038 1.0
50 2 1 5 1.16018 83.203 0.5
51 4 4 2 1.15068 84.046 0.4
52 1 4 4 1.14909 84.189 0.8
53 5 1 3 1.14669 84.406 0.5
54 6 1 1 1.13264 85.702 0.1
55 6 2 0 1.10762 88.127 1.8
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56 4 2 4 1.10573 88.317 3.8
57 2 5 3 1.10246 88.647 1.9
58 0 3 5 1.10109 88.787 0.5
59 6 0 2 1.09370 89.547 0.2
60 0 6 2 1.09260 89.662 0.1
Stick Pattern
Inensity [%]
w Ref. Patteqn: Anfydrite, 01-072-0816
50
0-L | L | |||I.‘I | ‘|Ii| IR T L.
A [rorrrTere I LA A T T
20 10 40 50 &0 1] & %0

Position [*2T heta]
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Name and formula

Reference code: 00-039-1425
Mineral name: Cristobalite, syn
PDF index name: Silicon Oxide
Empirical formula: 0,Si

Chemical formula: SiO»

Crystallographic parameters

Crystal system: Tetragonal
Space group: P41212
Space group number: 92

a (A): 4.9732
b (A): 4.9732
c (A): 6.9236
Alpha (°): 90.0000
Beta (°): 90.0000
Gamma (°): 90.0000
Volume of cell (1076 pm”3): 171.24

Z: 4.00
RIR: -

Subfiles and Quality

Subfiles: Inorganic
Mineral
Alloy, metal or intermetalic
Cement and Hydration Product
Common Phase
Educational pattern
Forensic
NBS pattern
Pigment/Dye

Quality: Star (S)

Comments

Color: Colorless

Sample preparation: Cristobalite was prepared by the Trans Tech Company

using Berkeley 5 micron MIN-U-SIL(R). A two kilogram
sample was heated at 1600 C for eight hours. The sample
was then air quenched, treated with 6N HCI and then jet-
milled. The +325 mesh fraction was then removed by

sieving.
Structure: The structure was determined by Peacor (1).
Polymorphism: There are a number of other forms of SiO5 .

Additional pattern: To replace 11-695 and validated by calculated pattern.



Temperature:

References

Primary reference:

128

See ICSD 75484 (PDF 82-1404); See ICSD 75490 (PDF
82-1410). See ICSD 30269 (PDF 75-923); See ICSD 34927
(PDF 76-935); See ICSD 34928 (PDF 76-936); See ICSD
34929 (PDF 76-937); See ICSD 47219 (PDF 77-1315); See

ICSD 47220 (PDF 77-1316); See ICSD 47221 (PDF 77-

1317);

The temperature was ~25 C.

Wong-Ng, W., McMurdie, H., Paretzkin, B., Hubbard, C.,

Dragoo, A., NBS, Gaithersburg, MD, USA., ICDD Grant-in-

Aid, (1988)
Structure: 1. Peacor, D., Z. Kristallogr., Kristallgeom., Kristallphys.,
Kristallchem., 138, 274, (1973)
Unit cell: Wong-Ng, W., McMurdie, H., Paretzkin, B., Hubbard, C.,
Powder Diffraction, 3, 253, (1988)
Peak list
No. h k 1 d [A] 2Thetaldeg] I [%]
1 1 0 1 4.03974 21.985 100.0
2 1 1 0 3.51470 25.320 1.0
3 1 1 1 3.13592 28.439 8.0
4 1 0 2 2.84116 31.462 9.0
5 2 0 0 2.48740 36.080 13.0
6 1 1 2 2.46750 36.381 4.0
7 2 0 1 2.34170 38.410 1.0
8 2 1 1 2.11791 42.656 2.0
9 2 0 2 2.01957 44.843 2.0
10 1 1 3 1.92935 47.063 4.0
11 2 1 2 1.87147 48.611 4.0
12 2 2 0 1.75907 51.940 1.0
13 0 0 4 1.73033 52.869 1.0
14 2 0 3 1.69221 54.156 2.0
15 1 0 4 1.63488 56.220 1.0
16 3 0 1 1.61217 57.084 3.0
17 2 1 3 1.60131 57.507 1.0
18 3 1 0 1.57207 58.680 1.0
19 2 2 2 1.56745 58.870 1.0
20 3 1 1 1.53356 60.304 2.0
21 3 0 2 1.49520 62.019 2.0
22 3 1 2 1.43165 65.102 2.0
23 2 0 4 1.42102 65.650 1.0
24 2 2 3 1.39908 66.813 1.0
25 2 1 4 1.36560 68.676 2.0
26 3 2 1 1.35277 69.420 1.0
27 3 0 3 1.34650 69.790 1.0
28 1 0 5 1.33398 70.542 1.0
29 3 1 3 1.29976 72.690 1.0
30 3 2 2 1.28133 73.908 1.0
31 2 2 4 1.23318 77.312 1.0
32 4 0 1 1.22375 78.020 1.0
33 4 1 0 1.20599 79.394 1.0
34 3 2 3 1.18427 81.150 1.0
35 2 1 5 1.17576 81.862 1.0
36 3 1 4 1.16384 82.884 1.0



37
38
39
40

o w w

3 1 1.15546 83.620 1.0
3 2 1.11050 87.840 1.0
2 1 1.09783 89.120 1.0
1 6 1.09628 89.280 1.0

Stick Pattern

Intensity %]

100

50

Ref. Pattern: Crisiobalite, swn |, 00-033-1425

10 40 50 &l i a0
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Name and formula

Reference code:

Mineral name:
PDF index name:

Empirical formula:
Chemical formula:

130

00-033-0311

Gypsum, syn
Calcium Sulfate Hydrate

CaH4OHS
casoO, -2H,0

Crystallographic parameters

Crystal system:
Space group:
Space group number:

a (A):

b (A):

c (A):
Alpha (°):
Beta (°):
Gamma (°):

Calculated density (g/cm”3):

Measured density (g/cm”3):
Volume of cell (10"6 pm~3):
Z:

RIR:

Subfiles and Quality

Subfiles:

Quality:
Comments
Color:

General comments:
Sample preparation:

Optical data:
Additional pattern:

Temperature:

Monoclinic
C2/c
15

6.2845
15.2079
5.6776
90.0000
114.0900
90.0000

2.31
PAAS)7
495.37
4.00

Inorganic

Mineral

Cement and Hydration Product
Common Phase

Forensic

NBS pattern

Pigment/Dye

Star (S)

Colorless
Preferred orientation enhances 0kO reflections.
Sample prepared by adding H-SO,4 to a Ca (NO3 ),

solution; the precipitate was filtered out, washed in water
and bottled while moist; the crystals were dried immediately
before use with care taken to prevent dehydration.
A=1.521, B=1.523, Q=1.530, Sign=+, 2V=58°

To replace 6-46 and validated by calculated pattern 36-432.
See ICSD 2057 (PDF 70-982).

Pattern taken at 25 C.
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References
Primary reference: Natl. Bur. Stand. (U.S.) Monogr. 25, 17, 16, (1980)
Optical data: Winchell, A., Elements of Optical Mineralogy, 2, 157, (1951)
Peak list
No. h k 1 d [A] 2Thetal[deg] I [%]
1 0 2 0 7.63000 11.589 100.0
2 0 2 1 4.28300 20.722 100.0
3 0 4 0 3.79900 23.397 17.0
4 1 1 1 3.17200 28.109 4.0
5 0 4 1 3.06500 29.111 75.0
6 -2 2 1 2.87300 31.104 45.0
7 -1 1 2 2.78900 32.066 10.0
8 1 3 1 2.73200 32.754 2.0
9 1 5 0 2.68500 33.344 35.0
10 -1 5 1 2.59700 34.508 6.0
11 0 6 0 2.53400 35.394 2.0
12 =2 0 2 2.49500 35.966 11.0
13 -1 3 2 2.47600 36.252 1.0
14 0 2 2 2.45200 36.619 6.0
15 -2 4 1 2.40600 37.345 4.0
16 2 4 0 2.29100 39.295 1.0
17 1 5 1 2.21900 40.625 15.0
18 0 4 2 2.14200 42.153 2.0
19 -2 4 2 2.08600 43.341 25.0
20 -1 5 2 2.07400 43.605 15.0
21 1 1 2 2.04800 44.187 6.0
22 1 7 0 2.03200 44.554 1.0
23 -1 7 1 1.99200 45.498 4.0
24 -2 6 1 1.96300 46.209 3.0
25 0 8 0 1.89980 47.840 16.0
26 2 4 1 1.87950 48.390 12.0
27 -1 1 3 1.86500 48.791 3.0
28 0 6 2 1.81180 5 01821 13.0
29 -2 2 3 1.79950 50.689 6.0
30 0 8 1 1.78440 51.149 9.0
31 -2 6 2 1.77850 51.331 12.0
32 1 5 2 1.70930 53.571 1.0
33 0 2 3 1.68460 54.421 3.0
34 -2 4 3 1.66400 55.151 6.0
35 2 6 1 1.64560 55.822 4.0
36 -2 8 1 1.62090 56.749 9.0
37 -1 9 1 1.60050 57.539 1.0
38 2 8 0 1.58460 58.171 4.0
39 0 8 2 1.53270 60.341 2.0
40 0 10 0 1.52090 60.859 1.0
41 -2 8 2 1.51190 61.260 1.0
42 1 9 1 1.49820 61.881 1.0
43 -2 6 3 1.49470 62.042 1.0
44 -3 7 2 1.45910 63.731 3.0
45 -4 4 1 1.43920 64.719 5.0
46 3 7 0 1.43540 64.911 3.0
47 2 8 1 1.42780 65.299 2.0
48 -2 0 4 1.41780 65.818 3.0
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49 -4 2 3 1.40150 66.683 2.0
50 2 6 2 1.36570 68.670 5.0
51 1 11 0 1.34400 69.939 1.0
52 -1 11 1 1.33240 70.638 2.0
53 -2 8 3 1.32620 71.018 4.0
54 -4 6 2 1.32340 71.191 4.0
55 0 8 3 1.27850 74.099 1.0
56 1 11 1 1.27220 74.528 1.0
57 0 12 0 1.26740 74.858 1.0
58 4 6 0 1.24810 76.221 3.0
59 2 10 1 1.24410 76.510 2.0
60 2 8 2 1.23360 77.281 3.0
61 -4 2 4 1.23090 77.482 2.0

Stick Pattern

Intensity %]
100

Ref. Pattern: Gypsum, swn, D0H033-0311

50

TR
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Date: 22-Apr-16 Time: 4:31:41 PM File: HighScore Plus - HTK_phase_375 User: Empyrean
Name and formula

Reference code: 01-089-8937

Compound name: Silicon Oxide

Common name: Quartz a, a-Si 02

Empirical formula: 0,8

Chemical formula: Sio,

Crystallographic parameters

Crystal system: Hexagonal
Space group: P3221
Space group number: 154

a (A): 4.9384

b (A): 4.9384
c(R): 5.4213
Alpha (°): 90.0000
Beta (°): 90.0000
Gamma (°): 120.0000
Volume of cell (108 prr3): 114.50
Z: 3.00
RIR: 2.92

Status, subfiles and quality

Status: Diffraction data collected at non ambient temperature, Alternate Pattern
Subfiles: Pharmaceutical, Common Phase, Inorganic, Forensic, Mineral, Alloy, metal or intermetalic, Cement and
Hydration Product, ICSD Pattern

Quality: Star (S)

Comments

ANX: AX2

ICSD collection code: 89279

Creation Date: 01-Sep-03

Modification Date: 01-Sep-11

Cross-References: 1CSD:89279

ANX: AX2

Analysis: 02 Sil

Formula from original source: Si 02

ICSD Collection Code: 89279

Calculated Pattern Original Remarks: Stable up to 846 K, above P6222, above 1143 K tridymite is stable

Temperature of Data Collection: 597 K

Wyckoff Sequence: c b(P3221)

Unit Cell Data Source: Single Crystal.

References

Primary reference: Calculated from ICSD using POWD-12++

Structure: Kihara, K., Eur. J. Mineral., 2, 63, (1990)

Peak list

No. h k | d [A] 20 [°] I[%]

1 1 0 0 4.27678 20.753 20.2
2 0 1 1 3.35773 26.525 100.0
3 1 1 0 2.46920 36.355 5.9
4 1 0 2 2.28952 39.321 5.5
5 1 1 1 2.24710 40.095 2.5
6 2 0 0 2.13839 42.228 4.7
7 2 0 1 1.98923 45.565 2.8
8 1 1 2 1.82539 49.921 12.4

10f3



Date: 22-Apr-16 Time: 4:31:41 PM

File: HighScore Plus - HTK_phase_375
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User: Empyrean

9
10
11
12
13
14
i5
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65

Stick Pattern

NHLWNOWHROOORUNWR L WHRONAOBRMWANWORFHONNAODLDRWNNREWRNNMNNWERENORWHRENOD OO

LDWNWNOWLNDUNHFOODORNONORNEFWNWWHINFEFOR,OWONOWRHRNENOOOWRNORNERFNO

HUOUOHUNOWOAAHIOUNOALUNAODIDWHNOHODWUINWARUONWNOLOHODHWONDWERNDODWEDWN W

1.80710
1.67887
1.66460
1.61647
1.54908
1.45828
1.42559
1.38835
1.38025
1.38025
1.29200
1.26174
1.23460
1.20480
1.20480
1.18811
1.18617
1.15875
1.14476
1.12355
1.11924
1.08668
1.06919
1.05101
1.04899
1.03857
1.01941
0.99462
0.99276
0.99163
0.98226
0.98116
0.96548
0.93327
0.92258
0.91974
0.91974
0.91270
0.90355
0.90045
0.89260
0.88404
0.88243
0.86301
0.85536
0.84852
0.84490
0.83943
0.83230
0.82922
0.82307
0.81571
0.81468
0.81374
0.80823
0.80029
0.79940

50.461
>4.622
55.130
56.918
59.638
63.771
65.413
67.398
67.847
67.847
73.197
75.252
77.207
79.488
79.488
80.833
80.993
83.329
84.581
86.565
86.981
90.284
92.183
94.262
94.500
95.751
98.161
101.514
101.776
101.938
103.295
103.458
105.849
111.253
113.219
113.758
113.758
115.126
116.975
117.620
119.307
121.230
121.601
126.396
128.463
130.409
131.483
133.168
135.489
136.543
138.744
141.584
142.000
142.387
144.752
148.527
148.985

0.3
2.7
1.3
0.2
7.6
11
0.5
4.4
6.3
6.3
1.5
2.2
1.3
2.1
2.1
2.0
1.8
1.6
0.2
0.1
0.1
1.6
0.4
1.0
0.5
1.0
0.8
0.1

20f3
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Date: 22-Apr-16 Time: 4:31:41 PM File: HighScore Plus - HTK_phase_375 User: Empyrean

Intensity [%]

100
Ref. Pattern: Silicon Oxide, 01-089-8937
50_
0 T lll"!"ll I|""|" frivirirhy T T 1

T
0 0 40 50 0 70 &0 i) 100 10 120 130 140
Position [°26] (Copper (Cu})
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Name and formula

Reference code:
ICSD name:

Empirical formula:
Chemical formula:

01-081-1849
Calcium Sulfate Hydrate

CaHO4 ES
Ca (SO4) (Hy0 )5

Crystallographic parameters

Crystal system:
Space group:
Space group number:

a(A):

b (A):
c(A):
Alpha (°):
Beta (°):
Gamma (°):

Calculated density (g/cm”3):

Volume of cell (10"6 pm*3):
Z:

RIR:

Subfiles and Quality

Subfiles:

Quality:
Comments
General comments:
ICSD collection code:
Test from ICSD:
References

Primary reference:
Structure:

Monoclinic
12
5

12.0275

6.9312
12.6919
90.0000
90.1800
90.0000

2.73
1058.06
12.00

1.09

Inorganic
ICSD Pattern
Hypothetical (H)

TF are of mixed type.

TF are converted prior to pattern calculation.
073263

No R value given.

At least one TF missing.

Calculated from ICSD using POWD-12++

Abriel, W., Nesper, R., Z. Kristallogr., 205, 99, (1993)
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Peak list

No. h k 1 d [A] 2Theta[deg] I [%]
1 -1 0 1 8.74384 10.108 0.8
2 2 0 0 6.00537 14.739 100.0
3 -1 1 2 4.36528 20.327 2.9
4 -2 1 1 4.,27347 20.769 1.1
5 -1 0 3 3.98700 22.280 2.4
6 -3 0 1 3.82640 23.227 0.6
7 0 1 3 3.61109 24.633 1.7
8 3 1 0 3.47041 25.649 42 .1
9 -1 2 1 3.22040 27.678 0.8
10 0 0 4 3.17296 28.100 0.1
11 2 1 3 3.09218 28.850 1.1
12 0 2 2 3.04136 29.343 10.5
13 4 0 0 3.00269 29.729 71.8
14 -3 0 3 2.91461 30.649 0.6
15 3 0 3 2.90549 30.748 0.5
16 1 1 4 2.80363 31.894 66.0
17 -4 0 2 2.72057 32.895 3.3
18 4 0 2 2.71254 32.995 6.2
19 -1 2 3 2.61781 34.226 0.4
20 -3 2 1 2.56657 34.931 0.3
21 -1 0 5 2.48208 36.160 0.1
22 -5 0 1 2.36477 38.021 0.2
23 -3 1 4 2.34491 38.355 2.3
24 0 2 4 2.34025 38.435 4.0
25 -4 1 3 2.31374 38.893 0.1
26 4 1 3 2.30764 39.000 0.1
27 4 2 0 2.26892 39.693 2.7
28 3 2 3 2.22652 40.482 0.2
29 -2 1 5 2.21809 40.642 0.4
30 2 1 5 2.21361 40.728 0.3
31 -4 0 4 2.18596 41.267 1.2
32 2 2 4 2.17923 41.400 2.9
33 -5 1 2 2.14149 42.164 6.5
34 4 2 2 2.13606 42.276 13.4
35 0 0 6 2.11531 42.711 9.9
36 5 0 3 2.08828 43,292 0.1
37 -1 2 5 2.01961 44,842 0.1
38 6 0 0 2.00179 45.263 1.4
39 -2 0 6 1.99614 45,399 1.0
40 -5 2 1 1.95182 46.489 0.2
41 -3 3 2 1.90992 47.571 6.1
42 -6 1 1 1.90472 47.709 3.5
43 -5 1 4 1.84889 49.244 18.6
44 -1 3 4 1.84612 49,323 32.5
45 -3 2 5 1.82556 49,916 0.4
46 3 2 5 1.82182 50.025 0.3
47 -4 3 1 1.81275 50.293 0.2
48 -3 1 6 1.80841 50.422 0.2
49 0 2 6 1.80555 50.508 0.3
50 -1 0 7 1.79369 50.865 0.1
51 5 2 3 1.78865 51.019 0.1
52 -6 1 3 1.75464 52.081 0.1
53 6 1 3 1.75065 52.209 0.1
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54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76
77
78
79
80
g1
82
83
84
85
86
87
88
89
90
91
92
93
94
95
96
97
98
99
100
101
102
103
104
105
106
107
108
109
110
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.74329
.73521
.73280
.72801
.70862
.69711
.69182
.66630
.64449
.61089
.59181
.58969
.58648
.57800
.5612¢6
.55736
.55064
.54675
.53445
.52417
.520068
.51714
.50343
.50134
L49270
.48689
.48419
.47491
.46153
. 45731
.45282
.45008
.44435
. 44252
.42635
.42449
.42141
.40363
.40182
.39716
.38663
.38189
.37873
.35791
.34590
.34337
.34046
.33770
.33427
.33162
.32900
.32205
.31808
.31221
.31013
.30757
.30266

52.
52.
52.
52.
53.
53.
54,
55.
55.
57.
57.
57.
.096
.438
59.
59.
59.
59.
60.
60.
60.
.026
61.
6l.
62.
62.
62.
62.
63.
63.
64.
64.
64.
64.
65.
65.
65.
66.
66.
66.
.493
67.
67.
69.
69.
69.
70.
70.
70.
70.
70.
71.
.523
71.
12.
.187
12.

58
58

61

67

11

72

446
709
788
946
594
987
170
069
863
134
883
967

126
289
572
737
265
714
869

643
738
135
405
531
969
613
819
039
175
460
552
374
470
630
568
665
917

756
932
120
826
977
151
317
524
686
846
275

892
024

503
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111
112
113
114
115
116
117
118
119
120
121

Stick Pattern

Inensity [%]
100

1 3 8 1.28981 72.687 5.3
4 3 7 1.28747 73.497 0.2
2 5 3 1.28582 73.607 0.3
6 4 2 1.28281 73.808 0.6
-9 0 3 1.27547 74.304 0.1
-8 2 4 1.26624 74.939 1.8
7 3 4 1.26311 75.156 4.3
4 1 9 1.25417 75.786 0.1
-4 5 1 1.25259 75.899 0.1
-3 3 8 1.24430 76.495 3.2
6 0 8 1.24212 76.654 2.7
Ref Patfern: Calcium Sul Bte Hydrate, 01-081-1849
504
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Name and formula
Reference code:

Compound name:

Empirical formula:
Chemical formula:

01-080-7958
Calcium Sulfate Hydrate

CaHy 250 4. 625°
Ca(S0,)(H 0 )25

Crystallographic parameters

Crystal system: Hexagonal

Space group: P3221

Space group number: 154

a (A

b (A):

c (R):

Alpha (°):

Beta (°):

Gamma (°):

Volume of cell (1076 pm~3): 2118.70

z 24.00

RIR: 1.55

Status, subfiles and quality

Status: Diffraction data collected at non ambient pressure

Subfiles: ICSD Pattem
Inorganic

Quality: Star (S)

Lomments

ANX: ABBBX37
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ICSD collection code:
Creation Date:
Cross-References:

ANX:

Analysis:

Formula from original source:
ICSD Collection Code:

Pressure of Datacollection:

Temperature of Data Collection:
Sequence:

Unit Cell Data Source:

References

Primary reference:
Structure:

:

262107
01-Sep-13

1CSD:262107

ABBBX37
H1.25 Cal 04.625 S1

Ca (S 04) (H2 0)0.625

262107
101.3 MPa

296 K
€24 b2 a3 (P3221)
Single Crystal.

Calculated from ICSD using POWD-12++
Schmidt, H., Paschke, 1., Freyer, D., Voigt, W., Acta Crystallogr., Sec. B: Struct. Sdi. 167 , 467, (2011)

No h z 1 d [A 2Thezaldagl T (%1
1 1 0 0 12.01090 7.354 0.2
2 0 1 1 £.73256 10.121 0.2
3 1 1 0 ©.93450 12.755 0.4
4 2 0 0 ©.00845 14.739 78.2
5 1 0 2 5.62026 15.755 0.2
€ 0 2 1 5.43054 16.309 0.1
7 1 1 2 4.68654 18.919 0.4
8 2 1 0 4.53970 19.538 0.3
S 0 2 2 4.3¢€28 20.323 4.3

10 1 2 1 4.275852 2 0.5
11 o o 3 4.239€3 2 0.1
12 1 0 3 3.99788 22.21 1.2
13 (=] 3 1 3.81850 23.274 0.3
14 1 2 2 3.6948¢ 24.0€6 0.9
15 1 1 3 3.61717 24.881 0.8
1€ 2 0 3 3.46725 25.672 55.4
17 2 2 0 3.46725 25.6€72 55.4
18 0 3 2 3.38812 26.283 0.2
19 2 2 1 3.34818 26.626 0.1
20 3 1 0 3.33123 26.740 0.2
21 1 3 1 3.22283 27.€58 2 JEo
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<

23
24

2

26
27
28
29
30
31

32
33

34
35

3€

37
38

39
20

a1

a2
a3
a4
ac
2€

47
48
a9
50
51
52
g3

c4
S5

Se
57
58
S9
€0

(-3
€2

DLW WO WM O - s

MR O M W O K O O WD o 0 =o

P3G P b R b W ok G

L S S I

P O O b W s R DR W W SR N

[l R SN A

P20 1) = s ) Ol s

o

Ul

()

Ol oy oy 1) O s O O s W

3.09883
3.07383

3.04418
3.900273
2.95089
2.91085
2.89035
2.81013
2.75548
2.71827

2.69302
2.68398

2.61938
2.8044al

2.5670¢6
2.5283¢
2.48897

2.45038
2.42325

2.40218

2.38817
2.36045

2.34347
2.34347

2.31150
2.31150
2.30010
2.26985
.24721
.22937
-215914

SR ]

I

=
o
w
Pt
e

2.17245
2.15722
2.1377¢6
2.12€865
2.11982
2.05001
2.0%001
2.08238
2.05100

28.790
29.02¢
29.315
29.729
30.2¢€4

30.€90
30.913

31.819
32.4¢€7

32.9¢€l

33.241
33.357

34.204
34.4207

34.524

35.47¢
36.041

3€.€44
37.0€8

37.4086

37.€34
38.093

38.380
38.380

38.8932

38.932
39.133
39.€7¢6
40.093
490.427
40.e22
4l.322
41.535
4l1.842
4z2.241
42 .4€8
4Z.€ls
43.254
43.254

43.420
44.118
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£3
£a
€5
€E
€7
€8

(3}
70

71
72
73
74
75

7€

78

79
80

81
82

83
g4

8S

8E
87

88

S0
91

-

e3

S5
S€
97
98
ss

100
101
102
103
104

W MO N s W OO N - W -

R o W Ny WO s O O WO DO D WO

Oy B b P s G O ks N R O G s R s P s W e s O M) s O W w0

Hao W Om s m

L= PRCCURR PV S RN B S DRV B DI CU I S (LI S LIS U S S S s DRI (L S )

)

LR UEE I PR (LN S U] )

o

2.04289
2.025%4¢
2.0294¢
2.02173
2.00182
2.00182
1.958854
1.97488

1.974858
1.95121

1.87342
1.8€909

1.24743
1.82541
1.81294
1.80858
1.80858

1.79€54
1.789%¢6

1.7899¢6
1.78517

1.757€5
1.757€5
1.75149
1.74€51
1.733€3
1.733€3
1.71584
1.71072

1.63%40¢
1.63%40¢

1.68144
1.68144
1.6728%9
1.665€1
1.65151

24.304
44.€13
44.€13

44.792
45.2€3
45.263
45.331
45.922
45.922
46.505
46.7€5
47.237
47.237
47.584
47.790
48.219
45.557
48.677
43.285
49.920
50.287
50.417
50.417
50.779
50.373
50.97%
51.125
51.985
51.985
52.182
52.342

52_7¢€1
5§3.351
53.823
54.092
£4.082
54.532
54.832
£4.844
55.094
55.¢€04
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.

CHb b = O
. ‘
D e e 1 O G

RS R )
-] = wi

.
-1

QO OO0 OO0 OO O OGO
. .
[LN S I VU St STV S B S B

[N
wow

[
Comom G

. .
D W o W W

[
O OO
.

143



105 ¢ 5 s l.e452¢ £5.834 0.7
10e 2 2 7 1.61127 57.118 122
107 2 € 2 1.61127 §7.119 1.2
108 1 3 7 1.58513 £7.751 0.1
109 [ Yy 3 1.55082 £7.934 0.2
110 1 7 1 1.57888 59.414 0.3
111 0 € s 1.57312 £8.€37 0.1
112 3 3 © 1.56231 £9.083 0.2
113 3 4 5 1.55380  53.187 0.2
112 2 < € 1.5482¢ §9.€30 1.3
115 1 ) 2 1.54333 £5.883 0.1
1lle o 2 8 1.53¢e82 €0.158 3.8
117 4 2 = 1.52210 €0.80¢6 2.5
118 2 3 7 1.51e€88 €1.037 0.2
115 3 5 4 1.51199 €1.256 0.3
120 1 5 € 1.51195% €l1.256 0.3
121 g 0 0 1.5013¢ €1.737 0.8
122 1 2 g 1.5013¢6 €1.737 0.8
123 =) < 2 1.4947¢ €2.038 0.2
124 1 2 7 1.4347¢ €2.035 0.2
125 1 7 3 1.48947 €2.284 0.2
12¢ 1 € 5 1.48€e4l €2.427 0.1
127 2 € 4 1.47544 €2.5424 5.2
128 7 2 0 1.46737 £€3.330 0.1
129 0 8 2 1.46120 63.629 0.8
130 o € © 1.45543 €3.5911 0.7
131 2 2 g 1.44518 £4.418 4.4
132 3 = € 1.44581 €4.413 4.4
Stick Pattern

1reensity 19§

100 - -
2t Dattarn Calowm Siaw Huorste 010807952
0 -
LR MR ..||. PEEN | L I A ||ll| s l i I .....Ill....l...|
10 0 30 9 0 a0

Paston P26 Copper(Cd)
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Date: 22-Apr-16 Time: 4:34:45 PM

File: HighScore Plus - HTK_phase_580

145

User: Empyrean

Name and formula
Reference code:

Mineral name:
Compound name:

Empirical formula:
Chemical formula:

Crystallographic parameters

Crystal system:
Space group:
Space group number:

a (é):

b (A):

c ((A)):
Alpha (°):
Beta (°):
Gamma (°):

Volume of cell (108 prr3):
Z:

RIR:

Status, subfiles and quality

Status:
Subfiles:

Quality:
Comments

ANX:

ICSD collection code:
Creation Date:
Cross-References:
ANX:

Analysis:

Formula from original source:

ICSD Collection Code:

Sample Source or Locality:

Wyckoff Sequence:
Unit Cell Data Source:

References

01-080-6362

Anhydrite
Calcium Sulfate

a0,s
Ca(s0,)

Orthorhombic
Ammeg
63

7.0012
6.9932
6.2416
90.0000
90.0000
90.0000

305.60
4.00

1.75

Alternate Pattern

Pharmaceutical, Common Phase, Inorganic, Forensic, Mineral, Ceramic, Cement and Hydration Product,

ICSD Pattern
Star (S)

ABX4

183918
01-Sep-13
1CSD:183918
ABX4

Cal 04 S1
Ca (S 04)
183918

Baldonnel sedimentary formation, west-central Alberta, Canada

g f c2 (AMMA)

Powder Diffraction.

Primary reference: Calculated from ICSD using POWD-12++

Structure:

Peak list

g

OW oo~ LD W =

=

OMNNN = ONO MO

NONFEOOONK

NNOHNRNOOR -

Antao, S.M., Powder Diffr,, 26, 326, (2011)

d [A]

4.65662
3.87732
3.50061
3.50061
3.12080
2.85044
2.79814
2.47389
2.32831
2.32831

20 [°]

19.043
22.918
25.424
25.424
28.580
31.357
31.959
36.284
38.640
38.640

I[%]
0.1
4.9

100.0
100.0
2.5
35.2
3.4
7.5
21.1
21.1

10f4



Date: 22-Apr-16 Time: 4:34:45 PM

File: HighScore Plus - HTK_phase_580
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User: Empyrean

i1
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76
77
78
79
80
81
82
83

NWONDLDHWHOMNONDAMDNOAONHBOLDNO AL NWUHWOLANUWWWANKUODHANNONKMWEDJIDOOBNWAIAWNO LN WKRNOW MO -

OLANWUORWAOWUNLNHEHHEFNALDHUTWOAOOWUINRNHELINODWORNURUWNNLWNODHWODWNDWRNEDOWORNERFWWN

DANUHENUUNNUWADROHWWANUWWODROHENUDUORNNWLOWARKFEEKEANMNMWIOADBNWWNNWOOKFKFNWOOFNWR W H RN

2.20934
2.18375
2.08638
2.08638
1.99415
1.93866
1.91787
1.86896
1.85280
1.75030
1.74831
1.73273
1.64828
1.63839
1.59453
1.56409
1.56409
1.55221
1.52527
1.52527
1.51541
1.51541
1.49031
1.42495
1.42495
1.41897
1.39907
1.39907
1.39632
1.36575
1.36575
1.34093
1.34093
1.31980
1.31546
1.29716
1.29244
1.27676
1.27676
1.27158
1.23694
1.22889
1.21617
1.21039
1.19996
1.17813
1.17813
1.16687
1.16554
1.16554
1.16074
1.16074
1.15952
1.14991
1.14839
1.14595
1.14595
1.13187
1.10686
1.10505
1.10505
1.10175
1.10046
1.09297
1.09187
1.08735
1.08735
1.07883
1.07628
1.04981
1.04319
1.04174
1.04174

40.810
41.310
43.333
43.333
45.446
46.823
47.362
48.680
49.133
52.220
52.284
52.790
55.723
56.089
57.775
59.009
59.009
59.506
60.666
60.666
61.103
61.103
62.245
65.446
65.446
65.757
66.814
66.814
66.962
68.667
68.667
70.122
70.122
71.415
71.687
72.859
73.168
74.217
74.217
74.570
77.034
77.633
78.600
79.049
79.873
81.662
81.662
82.621
82.736
82.736
83.154
83.154
83.261
84.115
84.252
84.473
84.473
85.774
88.203
88.385
88.385
88.719
88.851
89.623
89.738
90.213
90.213
91.125
91.402
94.404
95.192
95.367
95.367

22.1
6.7
6.8
6.8
4.7
3.7
0.3

15.1
3.3
7.5
7.6
0.3

14.4
0.4
2.5
3.3
3.3
0.1
2.8
2.8
1.0
1.0
5.2
2.8
2.8
1.0
1.7
1.7
2.3
0.7
0.7
0.1
0.1
4.5
0.2
1.6
0.1
5.6
5.6
0.3
1.0
0.1
3.7
0.2
2.0
0.4
0.4
2.2

NN OO = Ol 2O
OO W 00— =

20f4



Date: 22-Apr-16 Time: 4:34:45 PM

File: HighScore Plus - HTK_phase_580
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User: Empyrean

84

85

86

87

88

89

90

91

92

93

94

95

96

97

98

99
100
101
102
103
104
105
106
107
108
109
110
111
112
113
114
115
116
117
118
119
120
121
122
123
124
125
126
127
128
129
130
131
132
133
134
135
136
137
138
139
140
141
142
143
144
145
146
147
148
149
150
151
152
153
154
155
156

NN NDOO DN HWHRNWSNNOONONUANWOOHOMW=OAMANONONWWNU AL DOOANNNLEDRU--OWONU LG =W O WU,

NWNWONUUU LD WROLNWOREFONFEFONLONEORRFULDODNUNAOANNNEFUUOODWUAONONLIADNNNSNAONONRFERWODOW
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1.04027
1.04027
1.03149
1.02916
1.02916
1.00712
1.00575
0.99874
0.99717
0.99717
0.98898
0.98712
0.98712
0.97735
0.97735
0.97055
0.97055
0.96933
0.95894
0.95245
0.94950
0.93448
0.93380
0.93163
0.93163
0.92677
0.92677
0.92560
0.92319
0.92319
0.91897
0.91690
0.90863
0.90280
0.90280
0.90002
0.90002
0.89518
0.89425
0.89425
0.88678
0.88678
0.88450
0.87752
0.87515
0.87415
0.86697
0.86618
0.86618
0.86104
0.85755
0.84896
0.84811
0.84618
0.84176
0.84176
0.84075
0.84020
0.83639
0.83574
0.82698
0.82698
0.82463
0.82414
0.82414
0.82293
0.82218
0.81864
0.81864
0.81220
0.81220
0.81020
0.80644

95.545

95.545

96.625

96.917

96.917

99.788

99.973
100.936
101.155
101.155
102.316
102.586
102.586
104.026
104.026
105.060
105.060
105.249
106.890
107.948
108.441
111.037
111.159
111.550
111.550
112.437
112.437
112.654
113.104
113.104
113.905
114.304
115.937
117.131
117.131
117.712
117.712
118.744
118.947
118.947
120.603
120.603
121.124
122.759
123.331
123.573
125.370
125.572
125,572
126.918
127.861
130.281
130.530
131.101
132.443
132.443
132.754
132.927
134.140
134.352
137.327
137.327
138.171
138.350
138.350
138.797
139.074
140.423
140.423
143.030
143.030
143.888
145.562

0.9
0.9
1.2
0.5
0.5
0.3
0.1
0.6
1.6
1.6
2.1
0.8
0.8
0.1
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Date: 22-Apr-16 Time: 4:34:45 PM File: HighScore Plus - HTK_phase_580 User: Empyrean
157 7 5 1 0.80644 145.562 0.1
158 4 7 3 0.80059 148.377 0.2
159 6 3 5 0.80059 148.377 0.2

Stick Pattern

Intensity [%]
100

Ref, attemn: Calum Sulfate, 01-080-6362
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Date: 21-Apr-16 Time: 9:43:32 AM

File: HighScore Plus - 01-070-7345

149

User: Empyrean

Name and formula
Reference code:

Mineral name:
Compound name:

Empirical formula:
Chemical formula:

Crystallographic parameters

Crystal system:
Space group:
Space group number:

a (ﬁ):

b (A):
c(R):
Alpha (°):
Beta (°):
Gamma (°):

Volume of cell (108 prr3):
Z:

RIR:

Status, subfiles and quality

Status:
Subfiles:

Quality:
Comments

ANX:

ICSD collection code:
Creation Date:
Cross-References:

ANX:

Analysis:

Formula from original source:
ICSD Collection Code:
Hypothetical Structure:
Calculated Pattern Original Remarks:
Sample Source or Locality:
Minor Warning:

Wyckoff Sequence:

Unit Cell Data Source:

References

Primary reference: Calculated from ICSD using POWD-12++

Structure: Demuth, T., Jeanvoine, Y., Hafner, 1., Angyan, J.G., J. Phys.: Condens. Matter, 11, 3833, (1999)

Peak list

No. h Kk d [A] 20[°] 1[%]

1 1 0 1 4.04070 21.980 100.0
2 1 1 0 3.51793 25.296 0.6
3 1 1 1 3.13653 28.433 8.4
] 1 0 2 2.84227 31.449 10.3
5 2 [0} 0 2.48755 36.078 13.3
6 1 1 2 2.46792 36.375 4.5
7 2 Q 1 2.34113 38.420 0.1

01-077-8627

Cristobalite, syn
Silicon Oxide

0,8
Sio,

Tetragonal
P41212
92

4.9751
4.9751
6.9261
90.0000
90.0000
90.0000

171.43
4.00

5.18

Alternate Pattern

Alloy, metal or intermetalic, Cement and Hydration Product, Common Phase, Forensic, ICSD Pattern,

Inorganic, Mineral, Pharmaceutical
Hypothetical (H)

AX2

162615

01-Sep-11

ICSD:162615

AX2

02 5i1

Si02

162615

Structure calculated theoretically

DFT calculation within LDA; results of a GGA calculation are given in ICSD 162614

theoretic

No e.s.d reported/abstracted on the cell dimension
b a (P41212)

Powder Diffraction.

10f4
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File: HighScore Plus - 01-070-7345
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User: Empyrean

8

9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76
77
78
79
80

WHO WO NUOEWOWODDLDLDNWWRN D WDAGWRN D - SWHDLWWDEWNWDWDEN DN DLW WL R RN WW L - R W W NN O RN R =N =N

HFNHROONFROWRNORWNORRERWONORNNOFRNWORWHOWRNRHOROONONRERR,OONRNNORORKRERNEFEFOOONONRROOR R
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2.22493
2.11832
2.09420
2.02035
1.93017
1.87189
1.75896
1.73152
1.70484
1.69220
1.63531
1.61278
1.60206
1.57326
1.56826
1.55354
1.53418
1.49571
1.43238
1.42114
1.39915
1.37984
1.36648
1.35325
1.34690
1.33446
1.30010
1.288%0
1.28184
1.24378
1.23396
1.22419
1.21023
1.20664
1.19767
1.18873
1.18442
1.17594
1.17264
1.17057
1.16441
1.15619
1.13945
1.12448
1.11069
1.09839
1.09681
1.09498
1.08827
1.07911
1.06939
1.06313
1.05916
1.04710
1.04551
1.03966
1.02465
1.01017
1.00219
0.99502
0.98997
0.98491
0.97759
0.97570
0.97094
0.97094
0.96616
0.96508
0.95633
0.94742
0.93914
0.93594
0.93070

40.512
42.647
43.163
44.825
47.042
48.599
51.944
52.830
53.722
54.156
56.204
57.060
57.478
58.631
58.836
59.450
60.277
61.996
65.065
65.644
66.809
67.870
68.626
69.392
69.766
70.513
72.668
73.402
73.873
76.533
77.254
77.987
79.061
79.343
80.056
80.782
81.137
81.847
82.127
82.303
82.834
83.555
85.068
86.475
87.821
89.063
89.225
89.414
90.116
91.094
92.161
92.864
93.317
94.724
94.914
95.619
97.488
99.378
100.459
101.457
102.174
102.907
103.990
104.275
105.001
105.001
105.742
105.911
107.312
108.789
110.214
110.776
111.718

0.1
2.4
0.1
2.6
4.8
5.0
0.4
0.7
0.1
2.4
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1.2
0.4
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0.92546
0.92385
0.91938
0.91574
0.91377
0.90985
0.90408
0.89873
0.89501
0.89263
0.88538
0.87948
0.87248
0.86738
0.86576
0.86237
0.86237
0.85773
0.85322
0.85322
0.85242
0.85003
0.85003
0.84682
0.84068
0.83757
0.83412
0.82918
0.82845
0.82330
0.81790
0.81790
0.81509
0.81226
0.80814
0.80683
0.80683
0.80408
0.80103
0.79768

112.680
112.980
113.826
114.529
114.915
115.692
116.866
117.984
118.782
119.299
120.922
122.293
123.986
125.265
125.680
126.565
126.565
127.811
129.060
129.060
129.287
129.970
129.970
130.910
132.777
133.760
134.882
136.554
136.810
138.657
140.712
140.712
141.834
143.007
144.795
145.384
145.384
146.665
148.156
149.887
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User: Empyrean

Intensity [%]
100

Ref. Pattern: Silicon Cxide, 01-077-8627
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Name and formula

Reference code: 01-076-9282

Mineral name: Quartz, syn

Compound name: Silicon Oxide

Common name: a-Si 02, Silicon dioxide

Empirical formula: < S

Chemical formula: Sio,

Crystallographic parameters

Crystal system: Hexagonal

Space group: pP3221

Space group number: 154

a (A): 4.9139

b (R): 4.9135

c (A 5.4057

Alpha S°): $0.0000

Beta (°): 90.0000

Gamma (°): 120.0000

Volume of cell (1076 pm~3): 113.04

Z 3.00

RIR: 32.08

Status, subfiles and qualit

Status: Alternate Pattem

Subfiles: Alloy, metal or intermetalic
Cement and Hydration Product

Common Phase
Forensic

153



Nikitin, A.N., Markova, G.V., Balagurov, A.M., Vasin, R.N., Alekseeva, O.V., Kristallografiya 52 450, (2007)

1CSD Pattem
Inorganic
Mineral
Phamaceutical
Quality: Indexed (I)
Comments
ANX: A2
1CSD collection code: 173227
Creation Date: 01-Sep-10
Modification Date: 01-Sep-11
Cross-References: 1CSD:173227
ANX: AX2
Analysis: 02 si1
Formula from original source: S02
ICSD Collection Code: 173227
Calculated Pattern Original Remarks: Grain size 0.001-0.01 mm
Sample Source or Locality: synthetic
Minor Waming: No R factors reported/abstracted
Wyckoff Sequence: ca(P3221)
Unit Cell Data Source: Powder Diffraction.
References
Primary reference: Calculated from ICSD using POWD-12++
Structure:
Peak list
No b 5 1 d ras 2Thezafdegl I [81
1 1 0 0 4.28555 20.857 15.7
2 1 0 1 3.34375 26.€38 100.0
3 1 1 o 2.45€94 36.543 b
2 0 1 2 2.28157 39.464 7.2
s 1 1 1 2.23€75 40.288 33
€ 2 0 v] 2.12778 42.448 5.1
7 (2] 2 1 1.97992 45.7%2 2.9
8 1 2 1.81806 50.13¢6 11.8
9 0 0 3 1.80191 50.€17 0.4
10 2 0 2 1.67188 54.870 3.6
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1.65929

l.60845
1.541€5

1.45303
1.41852

1.38222

1.37508
1.37206

1.28804
1.25¢€05
1.22847
1.159883
1.19783

1.1g412
1.18028

1.15311

1.14078
1.11838

1.11488
1.081€5

1.063839

1.0478¢
1.0438¢

1.024¢8
1.01502

0.98957

0.98957
0.98733

0.9784¢
0.97629

0.9€38¢
0.96075
0.928¢4
0.81823
0.81el2
0.91523
0.90903
0.80085
0.89728
0.88887

0.88142
0.87825

§5.321
§7.22
§9.955

€4.028
€5.780

€7.737

€8.137
€8.308

73.458
75.€53

77.€64

79.875
80.036

g8l.1e2
81.482

83.8289

84.945
87.0€5

87.436
§0.821

92.778

94.€34
95.111

96.228
98.735
102.231
102.231
102.585

103.855
104.185

106.104
106.559
112.083
114.048
114.454
114.628
115.857
117.51¢
118.293
120.110
121.838
122.58¢
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Poston P28 Coper (W)

53 s} 3 3 0.85987 127.231 0.2
sS4 3 2 3 0.85839 127.€30 0.1
55 5 0 o 0.85111 29_€€0 0.1
56 1 1 3 0.84588 131.191 0.2
57 5 0 1 0.84075 132.754 0.1
58 - 0 B 0.83594 134.28¢ 0.1
59 2 0 3 0.52%¢64 136.385 1.0
0 4 1 3 0.82546 137.8€9 p Eat)
el 3 3 0 0.81898 140.291 0.4
2 0 5 2 0.81181 143.185 1.4
€3 2 2 s 0.81181 143.195 1.4
£4 3 3 1 0.80974 144.087 0.5
ES 4 2 0 0.80422 146.598 0.8
Stick Pattern
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Date: 22-Apr-16 Time: 4:30:29 PM File: HighScore Plus - HTK_phase_250 User: Empyrean
Name and formula

Reference code: 01-076-0938

Compound name: Silicon Oxide

Common name: Cristobalite low

Empirical formula: 0,8

Chemical formula: Sio,

Crystallographic parameters

Crystal system: Tetragonal
Space group: P41212
Space group number: 92

a (A): 4.9898
b (A): 4.9898
c(R): 6.9920
Alpha (°): 90.0000
Beta (°): 90.0000
Gamma (°): 90.0000
Volume of cell (108 prr3): 174.09
Z: 4.00
RIR: 5.06

Status, subfiles and quality

Status: Diffraction data collected at non ambient temperature, Alternate Pattern
Subfiles: Alloy, metal or intermetalic, Cement and Hydration Product, Common Phase, Forensic, ICSD Pattern,
Inorganic, Mineral, Pharmaceutical
Quality: Indexed (I)
Comments
ANX: AX2
ICSD collection code: 34930
Creation Date: 01-Sep-98
Modification Date: 01-Sep-11
Cross-References: ICSD:34930
ANX: AX2
Analysis: 02 Sil
Formula from original source: Si 02
ICSD Collection Code: 34930
Calculated Pattern Original Remarks: Metastable up to 500 K (2nd ref. , Tomaszewski), above Fd3-m
Sample Source or Locality: Specimen from Ellora Caves, India
Temperature of Data Collection: 415K
Minor Warning: No e.s.d reported/abstracted on the cell dimension
Wyckoff Sequence: b a(P41212)
Unit Cell Data Source: Single Crystal.
References
Primary reference: Calculated from ICSD using POWD-12++, (2004)
Structure: Peacor, D.R., Z. Kristallogr., Kristallgeom., Kristallphys., Kristallchem,, 138, 274, (1973)
Peak list
No. h k | d [A] 20 [°] I[%]
1 1 0 1 4.06160 21.865 100.0
2 1 1 0 3.52832 25.221 0.5
3 1 1 1 3.14998 28.309 8.2
4 1 [0} 2 2.86319 31.214 9.7
5 2 0 0 2.49490 35.968 12.8
6 1 1 2 2.48339 36.140 5.4
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Date: 22-Apr-16 Time: 4:30:29 PM

File: HighScore Plus - HTK_phase_250
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User: Empyrean
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2.34979
2.23151
2.12586
2.11167
2.03080
1.94470
1.88098
1.76416
1.74800
1.71055
1.70313
1.64970
1.61811
1.61183
1.57791
1.57499
1.56632
1.53920
1.50195
1.43821
1.43159
1.40663
1.38392
1.37608
1.35758
1.35387
1.34652
1.30662
1.30002
1.28677
1.24745
1.24170
1.22806
1.21985
1.21020
1.20495
1.19247
1.18995
1.18495
1.17611
1.17490
1.17128
1.15981
1.14362
1.11472
1.11472
1.10654
1.10181
1.09982
1.09587
1.08503
1.07404
1.07036
1.06293
1.05584
1.04999
1.04656
1.03296
1.01540
1.00638
0.99796
0.99501
0.98795
0.98366
0.97943
0.97580
0.97235
0.96913
0.95963
0.95440
0.94236
0.94049
0.93740

38.273
40.387
42.489
42.788
44.582
46.669
48.349
51.779
52.294
53.529
53.781
55.671
56.855
57.097
58.442
58.561
58.916
60.060
61.710
64.769
65.105
66.408
67.643
68.081
69.139
69.356
69.789
72.248
72.673
73.544
76.267
76.685
77.695
78.317
79.063
79.476
80.477
80.682
81.094
81.832
81.935
82.243
83.236
84.685
87.423
87.423
88.235
88.713
88.916
89.322
90.459
91.647
92.053
92.887
93.699
94.382
94.789
96.442
98.685
99.888
101.045
101.459
102.465
103.090
103.716
104.260
104.784
105.279
106.779
107.628
109.654
109.977
110.518

0.1
0.1
2.6
0.2
2.5
4.6
4.7
0.4
0.7
0.1
2.2
0.5
3.5
1.6
0.3
0.3
0.1
2.3
2.3
2.5
1.4
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Date: 22-Apr-16 Time: 4:30:29 PM

File: HighScore Plus - HTK_phase_250
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User: Empyrean
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0.93089
0.92730
0.92730
0.91855
0.91740
0.91510
0.91169
0.90228
0.90009
0.89566
0.89140
0.88208
0.87514
0.87400
0.87216
0.86920
0.86666
0.86103
0.86103
0.85528
0.85528
0.85388
0.85157
0.84941
0.84397
0.83943
0.83120
0.83120
0.82581
0.82485
0.82485
0.82032
0.81868
0.81473
0.81381
0.81232
0.80993
0.80591
0.80331
0.80177
0.79863

111.683
112.339
112.339
113.985
114.208
114.654
115.325
117.239
117.697
118.641
119.570
121.683
123.332
123.611
124.064
124.802
125.448
126.920
126.920
128.486
128.486
128.875
129.530
130.152
131.765
133.168
135.860
135.860
137.744
138.091
138.091
139.777
140.409
141.981
142.360
142.981
144.004
145.806
147.036
147.790
149.388
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Date: 22-Apr-16 Time: 4:30:29 PM File: HighScore Plus - HTK_phase_250
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User: Empyrean

Intensity [%]
100

Ref. Pattern: Silicon Cxide, 01-076-0938
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Date: 22-Apr-16 Time: 4:32:47 PM File: HighScore Plus - HTK_phase_375 User: Empyrean
Name and formula

Reference code: 01-073-1942

Compound name: Calcium Sulfate

Common name: hexagonal anhydrite, y-Ca S 04

Empirical formula: Ca0,s

Chemical formula: CasO,

Crystallographic parameters

Crystal system: Hexagonal
Space group: P6222
Space group number: 180

a (A): 6.9900

b (A): 6.9900
c(R): 6.3400
Alpha (°): 90.0000
Beta (°): 90.0000
Gamma (°): 120.0000
Volume of cell (108 prr3): 268.27
Z: 3.00
RIR: 3.42

Status, subfiles and quality

Status: Alternate Pattern

Subfiles: Pharmaceutical, Inorganic, Mineral, Ceramic, ICSD Pattern

Quality: Indexed (I)

Comments

ANX: ABX4

ICSD collection code: 24473

Creation Date: 01-Sep-98

Modification Date: 01-Sep-11

Cross-References: ICSD:24473

ANX: ABX4

Analysis: Cal 04 S1

Formula from original source: CaS0O4

ICSD Collection Code: 24473

Minor Warning: No e.s.d reported/abstracted on the cell dimension. No R factors reported/abstracted

Wyckoff Sequence: k d c(P6222)

Unit Cell Data Source: Single Crystal.

References

Primary reference: Calculated from ICSD using POWD-12++, (1997)

Structure: Floerke, O.W., Neues Jahrb. Mineral., Abh., 84, 189, (1952)

Peak list

No. h k | d [A] 20 [°] I[%]
1 1 0 0 6.05352 14.621 100.0
2 1 0 1 4.37826 20.266 0.9
3 1 1 0 3.49500 25.465 15.5
4 1 1 1 3.06074 29.153 6.3
5 2 0 0 3.02676 29.487 47.1
6 1 0 2 2.80826 31.840 52.4
7 2 0 1 2.73145 32.761 5.6
8 1 1 2 2.34804 38.302 5.0
9 2 1 0 2.28801 39.348 0.1
10 2 Q 2 2.18913 41.204 5.1
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File: HighScore Plus - HTK_phase_375
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User: Empyrean
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2.15216
2.11333
2.01784
1.99524
1.92280
1.85524
1.80843
1.74750
1.73276
1.70224
1.68468
1.6789%4
1.62300
1.55244
1.53331
1.53037
1.51338
1.48369
1.47202
1.45942
1.44350
1.40413
1.38877
1.36573
1.35661
1.34672
1.32099
1.31458
1.30291
1.29321
1.27205
1.24645
1.24107
1.23042
1.21935
1.21070
1.19198
1.18921
1.17402
1.16952
1.16500
1.16060
1.15255
1.14401
1.13102
1.12583
1.12016
1.10907
1.09349
1.08724
1.07608
1.07362
1.07160
1.05667
1.05052
1.04454
1.04093
1.02844
1.02025
1.01476
1.01145
1.01145
1.00892
1.00606
0.99762
0.99519
0.98315
0.97194
0.96934
0.96680
0.96213
0.96213
0.95930

41.945
42.753
44.884
45.420
47.233
49.064
50.421
52.310
52.789
53.811
54.418
54.620
56.668
59.496
60.315
60.443
61.193
62.554
63.107
63.715
64.502
66.541
67.375
68.669
69.196
69.777
71.341
71.743
72.486
73.118
74.538
76.340
76.731
77.518
78.356
79.024
80.517
80.743
82.009
82.393
82.783
83.167
83.879
84.650
85.854
86.346
86.892
87.982
89.569
90.224
91.424
91.693
91.916
93.603
94.320
95.030
95.465
97.007
98.053
98.769
99.207
99.207
99.545
99.931
101.092
101.433
103.164
104.847
105.247
105.642
106.379
106.379
106.831

4.3
4.0
3.5
1.0
6.1
23.2
0.3
4.5
0.1
14.4
1.4
2.6
0.6
1.8
1.6
0.5
3.5
5.6
0.3
0.2
2.1
0.1
0.8
0.1
0.9
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User: Empyrean
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0.95820
0.94950
0.93871
0.93608
0.93608
0.92697
0.92697
0.92315
0.91477
0.91352
0.91048
0.90421
0.90036
0.89658
0.89429
0.88633
0.88108
0.87675
0.87565
0.87375
0.86638
0.85789
0.85685
0.85112
0.84940
0.84596
0.84283
0.84283
0.84093
0.83947
0.83430
0.83221
0.82695
0.82537
0.82537
0.81150
0.80746
0.80413
0.80181
0.80037
0.79771

107.008
108.440
110.289
110.751
110.751
112.400
112.400
113.111
114.718
114.964
115.566
116.837
117.641
118.443
118.937
120.705
121.917
122.943
123.209
123.672
125.521
127.768
128.050
129.658
130.154
131.165
132,113
132.113
132.699
133.155
134.823
135.521
137.338
137.902
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143.329
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148.489
149.871
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File: HighScore Plus - HTK_phase_375
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User: Empyrean

Intensity [%]
100

Ref. Pattern: Calcium Sulfate 01-073-1942
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Date: 22-Apr-16 Time: 4:28:24 PM File: HighScore Plus - HTK_phase_250 User: Empyrean
Name and formula

Reference code: 01-071-6246

Compound name: Silicon Oxide

Common name: cristobalite-B high

Empirical formula: 0,8

Chemical formula: Sio,

Crystallographic parameters

Crystal system: Cubic
Space group: Fd-3m
Space group number: 227

a (A): 7.1264
b (A): 7.1264
c(R): 7.1264
Alpha (°): 90.0000
Beta (°): 90.0000
Gamma (°): 90.0000
Volume of cell (108 prr3): 361.91
Z: 8.00
RIR: 5.46

Status, subfiles and quality

Status: Diffraction data collected at non ambient temperature
Subfiles: Alloy, metal or intermetalic, Forensic, ICSD Pattern, Inorganic, Mineral, Pharmaceutical
Quality: Star (S)

Comments

ANX: AX2

ICSD collection code: 77461

Creation Date: 01-Sep-05

Modification Date: 01-Sep-11

Cross-References: ICSD:77461

ANX: AX2

ICSD Collection Code: 77461

Calculated Pattern Original Remarks: Mean Si-O: 1.60, Si-O-Si: 150.0, for ideal model cp. 77458. Temperature of Data Collection: 573 K. Unit Cell
Data Source: Powder Diffraction.

References
Primary reference: Calculated from ICSD using POWD-12++
Structure: Schmahl, W.W., Swainson, I.P., Dove, M.T., Graeme-Barber, A., Z. Kristallogr., 201, 125, (1992)
Peak list
No. h k | d [A] 20 [°] 1[%]
1 1 1 1 4.11441 21.581 100.0
2 2 2 0 2.51955 35.604 16.4
3 3 1 1 2.14868 42.016 1.6
4 2 2 2 2.05721 43.979 3.4
5 4 0 0 1.78159 51.236 0.5
6 3 3 1 1.63490 56.219 6.3
7 94 2 2 1.45466 63.949 4.8
8 5 1 1 1.37147 68,341 1.9
9 4 4 0 1.25978 75.390 1.5
10 5 3 1 1.20458 79.505 2.3
11 9 ul 2 1.18773 80.864 0.1
12 6 2 0 1.12678 86.256 1.2
13 5 3 3 1.08676 90.275 0.2
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File: HighScore Plus - HTK_phase_250
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User: Empyrean

14 6 2 2 1.07434 91.614 0.1
15 4 4 q 1.02860 96.987 0.1
16 7 1 1 0.99789 101.054 0.4
17 6 4 2 0.95230 107.974 0.6
18 7 3 1 0.92777 112,252 0.5
16 8 0 0 0.89080 119.704 0.1
20 7 3 3 0.87063 124.445 0.1
21 6 4 4 0.86420 126.085 0.1
22 8 2 2 0.83985 133.036 0.2
23 7 5 1 0.82288 138.813 0.2
Stick Pattern
Intensity [%]
100 L :
Ref. Pattern: Silicon Orade, 01-071-6246
50
0 T ek | | | e ik i) b |
30 40 50 80 70 8 %0 100 110 120 130

Position [°26] (Copper (Cu))
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Date: 22-Apr-16 Time: 4:24:41 PM File: HighScore Plus - HTK_phase_150 User: Empyrean
Name and formula

Reference code: 01-071-6244

Compound name: Silicon Oxide

Common name: cristobalite-a high

Empirical formula: 0,8

Chemical formula: Sio,

Crystallographic parameters

Crystal system: Tetragonal
Space group: P41212
Space group number: 92

a (A): 4.9829
b (A): 4.9829
c(R): 6.9633
Alpha (°): 90.0000
Beta (°): 90.0000
Gamma (°): 90.0000
Volume of cell (108 prr3): 172.89
Z: 4.00
RIR: 5.03

Status, subfiles and quality

Status: Diffraction data collected at non ambient temperature, Alternate Pattern

Subfiles: Alloy, metal or intermetalic, Cement and Hydration Product, Common Phase, Forensic, ICSD Pattern,
Inorganic, Mineral, Pharmaceutical, Pigment/Dye

Quality: Star (S)

Comments

ANX: AX2

ICSD collection code: 77456

Creation Date: 01-Sep-05

Modification Date: 01-Sep-11

Cross-References: ICSD:77456

ANX: AX2

ICSD Collection Code: 77456

Calculated Pattern Original Remarks: Cell at 463 K: 4.9849, 6.9615. Mean Si-O: 1.596, Si-0-Si: 147.9. Temperature of Data Collection: 458 K.
Unit Cell Data Source: Powder Diffraction.

References
Primary reference: Calculated from ICSD using POWD-12++
Structure: Schmahl, W.W., Swainson, 1.P., Dove, M.T., Graeme-Barber, A., Z. Kristallogr., 201, 125, (1992)
Peak list
No. h Kk d [A] 20 [°] 1[%!]
1 1 [0} 1 4.05222 21.916 100.0
2 1 1 (1 3.52342 25.256 0.5
3 1 1 1 3.14386 28.366 7.6
4 1 0 2 2.85398 31.317 8.9
5 2 0 0 2.49144 36.019 12.1
[ 1 1 2 2.47653 36.244 5.4
7 2 0 1 2.34580 38.340 0.2
8 2 1 0 2.22841 40.446 0.1
9 2 1 1 2.12237 42.562 2.5
10 1 [0} 3 2.10401 42.952 0.2
11 2 0 2 2.02611 44.690 2.4
12 1 1 3 1.93830 46.833 4.0

10f3



Date: 22-Apr-16 Time: 4:24:41 PM
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User: Empyrean

13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
Ey)
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76
77
78
79
80
81
82
83
84
85

A AN LOWANWUUNWEOMWADADDLDBENGWWNDW-AWN DD WD WWDHWRN WD BN DN D W 0GR G RN WLWW e N WNWENNO NN

HFWNONORNMNROORNWORNWRWNORRWONORNNONRFRFWOFHWHROWRNREROONONRROONFEFNNORORRNEFR,OOONONR

VW NOUOANONHOALANOUNHEFAODWDIDAUVNWANUWANWHOANOANHANOUWHOUHIONUVWUWHAODWINNEINOWEDWHDLON

1.87688
1.76171
1.74081
1.70790
1.69829
1.64341
1.61563
1.60749
1.57572
1.57193
1.56072
1.53686
1.49910
1.43554
1.42699
1.40328
1.38200
1.37184
1.35556
1.35074
1.34125
1.30369
1.29515
1.28450
1.24572
1.23826
1.22625
1.21563
1.20852
1.19072
1.18745
1.18099
1.17447
1.17290
1.16822
1.15812
1.14170
1.13029
1.11286
1.10229
1.10021
1.09763
1.09252
1.08238
1.07193
1.06717
1.06119
1.05201
1.04795
1.04350
1.02932
1.01305
1.00447
0.99657
0.99274
0.98652
0.98097
0.97722
0.97550
0.97361
0.96915
0.96774
0.95810
0.95132
0.94086
0.93844
0.93445
0.92847
0.92530
0.92383
0.91723
0.91574
0.91276

48.462
51.856
52.526
53.618
53.946
55.902
56.951
57.266
58.531
58.686
59.149
60.161
61.840
64.904
65.341
66.587
67.750
68.320
69.257
69.539
70.103
72.436
72.991
73.695
76.392
76.937
77.831
78.642
79.195
80.619
80.887
81.423
81.971
82.105
82.505
83.384
84.861
85.923
87.606
88.664
88.876
89.141
89.670
90.742
91.880
92.409
93.085
94.145
94.623
95.155
96.897
98.995
100.147
101.239
101.779
102.672
103.487
104.045
104.305
104.592
105.276
105.496
107.025
108.136
109.913
110.336
111.043
112,124
112.711
112.983
114.240
114.530
115.113

4.2
0.4
0.6
0.1
1.9
0.4
3.2
1.6
0.3
0.3
0.1
2.0
2.0
2.4
1.2

-
-
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File: HighScore Plus - HTK_phase_150
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User: Empyrean

86 2 1 7 0.90835 115.993 0.3
87 5 1 3 0.90065 117.579 0.1
88 3 3 5 0.89782 118.177 0.1
89 5 2 2 0.89425 118.946 0.3
90 3 2 6 0.88874 120.162 0.2
91 4 il 0 0.88086 121.969 0.1
92 4 4 1 0.87389 123.638 0.1
93 0 0 8 0.87002 124.597 0.1
9 4 2 5 0.87002 124.597 0.1
95 2 2 7 0.86620 125.566 0.1
96 5 0 4 0.86488 125.909 0.2
97 S 2 3 0.85952 127.326 0.1
98 1 0 8 0.85742 127.8%4 0.1
99 5 3 0 0.85456 128.686 0.2
100 3 0 7 0.85395 128.856 0.2
101 4 4 2 0.85395 128.856 0.2
102 5 1 4 0.85214 129.368 0.1
103 5 3 1 0.84819 130.506 0.1
104 1 1 ] 0.84500 131.453 0.1
105 3 1 7 0.84116 132.628 0.1
106 4 1 € 0.83708 133.918 0.1
107 5 3 2 0.82992 136.299 0.1
108 6 0 0 0.82992 136.299 0.1
109 6 0 1 0.82463 138.170 0.2
110 4 4 3 0.82354 138.568 0.1
111 2 0 8 0.82170 139.252 0.1
112 6 1 g 0.81918 140.214 0.3
113 5 2 4 0.81705 141.049 0.1
114 6 1 1 0.81357 142.459 0.1
115 2 1 8 0.81075 143.648 0.2
116 4 3 5 0.81075 143.648 0.2
117 3 2 7 0.80735 145.147 0.1
118 6 0 2 0.80735 145.147 0.1
118 4 2 € 0.80374 146.827 0.1
120 5 3 3 0.80193 147.708 0.1
121 5 1 5 0.79993 148.712 0.4

Stick Pattern

Intensity [%]
100 - z
Ref. Pattern: Silicon Oxide, 01-071-6244
50
0 ||I\III|| Jlnillnln T

T T f f
0 40 50 &0 70 ] %0 100 110
Position [°26] (Copper (Cu))
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Date: 22-Apr-16 Time: 4:34:17 PM File: HighScore Plus - HTK_phase_580 User: Empyrean
Name and formula

Reference code: 01-070-8055

Compound name: Silicon Oxide

Common name: quartz-B high

Empirical formula: 0,8

Chemical formula: Sio,

Crystallographic parameters

Crystal system: Hexagonal
Space group: P6422
Space group number: 181

a (A): 4.9965

b (A): 4.9965
c(R): 5.4543
Alpha (°): 90.0000
Beta (°): 90.0000
Gamma (°): 120.0000
Volume of cell (108 prr3): 117.92
Z: 3.00
RIR: 4.32

Status, subfiles and quality

Status: Diffraction data collected at non ambient temperature

Subfiles: Inorganic, Mineral, Alloy, metal or intermetalic, ICSD Pattern

Quality: Star (S)

Comments

ANX: AX2

ICSD collection code: 093975

Creation Date: 01-Sep-05

Modification Date: 01-Sep-11

Cross-References: ICSD:093975

ANX: AX2

Analysis: 02 Sil

Formula from original source: Si02

ICSD Collection Code: 093975

Calculated Pattern Original Remarks: Stable from 846 to 1143 K (2nd ref. , Tomaszewski), below P3121

Temperature of Data Collection: 1073 K

Wyckoff Sequence: j c(PB422)

Unit Cell Data Source: Powder Diffraction.

References

Primary reference: Calculated from ICSD using POWD-12++

Structure: Tucker, M.G., Keen, D.A., Dove, M.T., Mineral. Mag., 65, 489, (2001)

Peak list

No. h k | d [A] 20 [°] I[%]

1 1 0 0 4.32710 20.509 19.9
2 1 0 1 3.38988 26.269 100.0
3 1 1 0 2.49825 35.918 4.1
4 1 0 2 2.30716 39.008 1.4
5 1 1 1 2.27133 39.649 0.1
6 2 0 0 2.16355 41.714 3.8
7 2 [0} 1 2.01111 45.042 3.2
8 1 1 2 1.84215 49.436 13.9
9 0 Q 3 1.81810 50.135 0.1
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User: Empyrean

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65

Stick Pattern

WWANWOWDEND = UUWWELWNON DD WS W WE W SRR =B DG WNN W W RN L - R W R L = R R = N

NENNWOWROOFROOONORKRERRONORNRNONFERFR,ONFEOOORHONORREHERENOOOORORKKROO

DUNMOoOUVHNOWOALOHOUWANIMINADLWHNOHIDUWNWIANFHFONWNIOAKRDLOWONDWHNDWHOWN

1.69494
1.67616
1.63549
1.56658
1.47003
1.44237
1.40260
1.39443
1.39190
1.30053
1.27502
1.24913
1.21592
1.20012
1.19690
1.17208
1.15358
1.13566
1.12996
1.09846
1.08177
1.06111
1.05776
1.04732
1.02955
1.00555
1.00159
0.99971
0.99270
0.99088
0.97666
0.94425
0.93283
0.93041
0.92966
0.92107
0.90905
0.90751
0.90089
0.89228
0.88963
0.87129
0.87005
0.86542
0.85473
0.85473
0.84747
0.83808
0.83808
0.83275
0.82488
0.82321
0.82165
0.81774
0.80722
0.80255

54.062
54.718
56.197
58.906
63.202
64.559
66.623
67.065
67.203
72.640
74.335
76.147
78.619
79.860
80.118
82.174
83.787
85.419
85.954
89.055
90.808
93.094
93.477
94.698
96.868
100.001
100.542
100.802
101.784
102.045
104.130
109.329
111.333
111.770
111.907
113.504
115.853
116.163
117.529
119.377
119.963
124.281
124.589
125.769
128.638
128.638
130.718
133.597
133.597
135.339
138.080
138.692
139.273
140.774
145.206
147.403

0.8
0.5
0.1
6.9
0.4
0.8
4.0
1.7
6.0
0.8
2.1
1.6
1.7
0.6

NWO = U O

1.
2.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.

1
8
6
6
1
1
2
2
3

0.7
0.1
0.5
0.7
0.6
0.1
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Date: 22-Apr-16 Time: 4:34:17 PM File: HighScore Plus - HTK_phase_580 User: Empyrean

Intensity [%]

100 — -
Ref. Pattern: Silicon Oxide, 01-070-8055
50_
0 T I'III‘I || IJ|""|I T t T T T T

20 30 40 30 &0 70 80 XN 00 110 120 130 14
Position [°26] (Copper (Cu})
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Date: 21-Apr-16 Time: 9:42:07 AM

File: HighScore Plus - 01-070-7345

173

User: Empyrean

Name and formula
Reference code:

Mineral name:
Compound name:

Empirical formula:
Chemical formula:

Crystallographic parameters

Crystal system:
Space group:
Space group number:

a (ﬁ):

b (A):
c(R):
Alpha (°):
Beta (°):
Gamma (°):

Volume of cell (108 prr3):
Z:

RIR:

Status, subfiles and quality

Status:
Subfiles:

Quality:
Comments

ANX:

ICSD collection code:
Creation Date:

Modification Date:
Cross-References:

ANX:

Analysis:

Formula from original source:
ICSD Collection Code:
Calculated Pattern Original Remarks:
Minor Warning:

Wyckoff Sequence:

Unit Cell Data Source:

References
Primary reference: Calculated from ICSD using POWD-12++
Structure: Dusek, M., Petricek, V., Wunschel, M., Dinnebier, R.E., van Smaalen, S., J. Appl. Crystallogr., 34, 398, (2001)
Peak list
No. h k | d [A] 20 [°] I[%]

00N U1 D W N
—_ON O O

= =)

01-070-7345

Quartz
Silicon Oxide

0,8
Sio,

Hexagonal
P3221
154

4.9148
4.9148
5.4067
90.0000
90.0000
120.0000

113.10
3.00

3.06

Alternate Pattern

Alloy, metal or intermetalic, Cement and Hydration Product, Common Phase, Forensic, ICSD Pattern,

Inorganic, Mineral, Pharmaceutical
Indexed (I)

AX2

093094
01-Sep-05
01-Sep-11
ICSD:093094
AX2

02 Ssil

Si 02
093094

Stable up to 846 K, above P6222, above 1143 K tridymite is stable

10%<R factor<15% (for powder)
ca(P3221)
Powder Diffraction.

Y 4.25633 20.853 17.6
1 3.34437 26.633 100.0
0 2.45740 36.536 8.0
2 2.28199 39.456 7.3
1 2.23716 40.281 2.8
0 2.12817 42.440 5.0
1 1.98028 45.783 2.5
2 1.81840 50.126 12.6
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g
10
i1
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64

Stick Pattern

A WNUWHROOCORNORRRWHONRONANOWOHORNROOL L ONORWRNNNORONKRWRRENOOO
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1.80224
1.67219
1.65960
1.60874
1.54193
1.45329
1.41878
1.38247
1.37533
1.37232
1.28828
1.25628
1.22870
1.20016
1.19815
1.18434
1.18049
1.15332
1.14099
1.11858
1.11479
1.08185
1.06408
1.04805
1.044006
1.03488
1.01521
0.98976
0.98976
0.98751
0.97864
0.97647
0.96404
0.96092
0.92881
0.91839
0.91629
0.91540
0.90920
0.90112
0.89745
0.88914
0.88158
0.87841
0.86003
0.85855
0.84603
0.84091
0.83609
0.82980
0.82562
0.81913
0.81196
0.81196
0.80989
0.80437

50.607
54.858
55.310
57.217
59.943
64.016
05.767
67.723
68.123
68.293
73.443
75.637
77.647
79.857
80.018
81.144
81.464
83.810
84.926
87.045
87.416
90.799
92.757
94.612
95.087
96.204
98.710
102.205
102.205
102.529
103.832
104.158
106.076
106.571
112.062
114.016
114.422
114.596
115.823
117.480
118.257
120.073
121.799
122.547
127.189
127.587
131.144
132.706
134.236
136.341
137.815
140.232
143.132
143.132
144.022
146.528

0.4
3.4
1.5
0.2
9.1
1.6
0.3
5.0
6.6
4.0
2.0
2.6
1.4
2.6
1.0
2.2
2.4
1.6
0.2
0.1
0.2
2.3
0.4
1.3
0.8
1.3
1.0
0.9
0.9
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User: Empyrean

Intensity [%]
100

5

Ref. Pattern: Silicon Oxide, 01-070-7345

‘I.|." WU ]
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Date: 22-Apr-16 Time: 4:25:23 PM

File: HighScore Plus - HTK_phase_150

176

User: Empyrean

Name and formula
Reference code:
Compound name:

Empirical formula:
Chemical formula:

Crystallographic parameters

Crystal system:

a (ﬁ):

b (A):

c ((A)):
Alpha (°):
Beta (°):
Gamma (°):

Volume of cell (10° pr3):

RIR::

Status, subfiles and quality

Status:
Subfiles:
Quality:

Comments

Creation Date:

Additional Patterns:
General Comments:
Sample Preparation:

Temperature of Data Collection:

Unit Cell Data Source:

References

Primary reference: Bobrov, B., Romashkov, A., Tubolev, A., Inorg. Mater. (Engl. Transl.), 24, 1006, (1988)

Peak list

No. h

W~ OL D W N

N W W RN LR R W W O N R R b N b RO b ek ek bk

HHERNONFEFOOORORKROOORROO

00-045-0157
Calcium Sulfate

Ca0,s
Caso,

Hexagonal

6.9723
6.9723
6.3050
90.0000
90.0000
120.0000

265.44

Diffraction data collected at non ambient temperature

Cement and Hydration Product, Ceramic, Inorganic, Pharmaceutical

Indexed (I)

01-Sep-95

See PDF 01-073-1942
Anhydrite phase III

"Ca S 04 0.5 H2 O" was dried on the hot stage of the X-ray diffractometer

Pattern taken at 353 K
Powder Diffraction.

WHORNMNONKFOWHRNONKNOFO - O

d[A]

6.04600
4.36400
3.48500
3.04400
3.01600
2.79400
2.72000
2.33800
2.28100
2.18000
2.14600
2.10600
2.01200
1.91700
1.84800
1.74300
1.69700
1.67500
1.67000
1.61700
1.54800

20 [°]

14.639
20.333
25.539
29.317
29.595
32.007
32.902
38.473
39.474
41.384
42.071
42.909
45.021
47.385
49.269
52.455
53.991
54.759
54.936
56.898
59.684

1[%]

100.0
1.0
22.0
17.0
71.0
22.0
5.0
3.0
1.0
3.0
5.0
2.0
3.0
6.0
18.0
5.0
10.0
4.0
3.0
1.0
1.0
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File: HighScore Plus - HTK_phase_150
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User: Empyrean

22 2 2 2 1.52600 60.634 1.0
23 4 0 0 1.50900 61.390 2.0
24 3 1 2 1.48000 62.728 3.0
25 9 1 0 1.31200 71.906 1.0
26 2 1 4 1,29800 72.805 3.0
27 3 2 2 1.26700 74.886 3.0
Stick Pattern
Intensity [%]
100 .
Hef. Pattern: Calcum Sulfate, 00-045-0157
50
gl i N L o _,|”|”|”Im_.|,.,| ,,,,,,, A
20 30 a0 0 80 70

Position [°26] (Copper (Cu))
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Date: 22-Apr-16 Time: 4:32:14 PM File: HighScore Plus - HTK_phase_375 User: Empyrean
Name and formula

Reference code: 00-027-0605

Compound name: Silicon Oxide

Common name: cristobalite, high

Empirical formula: 0,8

Chemical formula: Sio,

Crystallographic parameters

Crystal system: Cubic
Space group: Fd-3m
Space group number: 227

a (A): 7.1300
b (A): 7.1300
c(R): 7.1300
Alpha (°): 90.0000
Beta (°): 90.0000
Gamma (°): 90.0000
Calculated density (g/em?): 2.20
Volume of cell (108 prr3): 362.47
Z: 8.00
RIR:: -

Status, subfiles and quality

Status: Diffraction data collected at non ambient temperature
Subfiles: Pharmaceutical, Inorganic, Forensic, Mineral, Alloy, metal or intermetalic
Quality: Indexed (I)

Comments

Creation Date: 01-Sep-77

Additional Patterns: To replace 00-004-0359

General Comments: High &-cristobalite

Sample Preparation: Synthesized by devitrifying pure vitreous silica at 1690 C
Temperature of Data Collection: High temperature pattern, taken at 573 K

Unit Cell Data Source: Powder Diffraction.

References

Primary reference: Leadbetter, A. et al., Private Communication, (1975)
Unit cell: Leadbetter, A. et al., Nature (London), Phys. Sci,, 244, 125, (1973)

Peak list
No. h k I d[A] 20 [°] I[%]
1 1 1 1 4.11000 21.605 100.0
2 2 2 0 2.51800 35.627 12.0
3 3 1 1 2.14900 42.009 1.0
4 2 2 2 2.05600 44.006 4.0
5 4 0 0 1.78200 51.223 1.0
6 3 3 i 1.63600 56.178 7.0
7 4 2 2 1.45500 63.932 5.0
8 5 1 1 1.37200 68.311 2.0
S 4 4 0 1.26100 75.304 2.0
10 5 3 1 1.20300 79.631 3.0
11 4 4 2 1.18800 80.842 1.0
12 6 2 0 1.12800 86.140 2.0
13 5 3 3 1.08800 90.144 1.0
14 6 2 2 1.07500 91.542 1.0
15 q 4q q 1.02900 96.937 1.0
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Stick Pattern

Intensity [%]
100

oW o wbu

1 0.99880 100.928 1.0
2 0.95320 107.825 1.0
1 0.92860 112.100 1.0
0 0.89150 119.548 1.0
3 0.87150 124,227 1.0
0 0.84050 132.833 1.0
1 0.82350 138.585 1.0

Ref, Pattern: Silicon Cxide, 00-027-00605

Position [°26] (Copper (Cu})
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