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AN ABSTRACT

#H# 4172271823 :MAJOR CERAMIC TECHNOLOGY
KEY WORD: FLUE-GAS GYPSUM / PROJECTION PLASTER / MULTIPHASE PLASTER / ANHYDRITE

CHATREE THITIANAN : PRODUCTION OF PROJECTION PLASTER FROM MAE MOH FLUE-
GAS GYPSUM. THESIS ADVISOR : ASSOC. PROF. SUPATRA JINAWATH, Ph.D. 136 pp. ISBN
974-346-158-2.

Flue-gas gypsum (FGD gypsum), a waste product from the Mae Moh Power Plant, was used
as the starting material. Precleaning by a hydrocyclone classifier and by acid leaching and
sedimentation significantly reduced the content of impurities in the FGD gypsum such as fly ash,
quartz and iron compounds, resulting in a lighter coloured and higher purity product (95.60%
dihydrate). Subsequently, the semidry acid-anhydrite technique was adapted to the calcining of the
precleaned FGD gypsum to reduce the transition temperatures of B-hemihydrate and anhydrite.
Accordingly, low-temperature multiphase plaster was prepared using 2-step calcination. Firstly, the
FGD gypsum with sulphuric acid was calcined at 60 °C for 1 hour and recalcined at 150 °C for 3
hours. The obtained multiphase plaster consisted of 29 % hemihydrate, 60 % anhydritell, 10 %
anhydritelll and 1 % dihydrate. At water to plaster ratio equal to 0.6, its viscosity, initial and final
setting times were 3633 centipoises, 16.28 and 27.83 minutes, respectively. The flexural strength and
hardness of the plaster specimens were 5.07 and 10.79 N/mm®. From the formulation, an applicable
projection plaster (viscosity of 600-800 centipoises and initial setting time of 60-70 minutes at water to
plaster ratio equal to 0.6) was found with the addition of 1.2 g of sodium lignosulphonate and 0.08 g of
melamine to 100 g of dry plaster. However, the remaining impurities imparted a buff colour to the
projection plaster. Anhydrite (95 % anhydritell) with crystal morphology ranging from prismatic to
platy shapes was achieved by calcining at 100 °C for 5 hours. Its whiteness measured according to

CIE Standard was 92.64 %.
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M157199 1-1 LAANNANITAUATIZUNITNINNUIBITELLLANARANWUEN 12 Laz13

Line Line Unit 12 Unit 13
ITEM stone | stone | Reagent | Absorber | Gypsum | Reagent | Absorber | Gypsum Remark
1.00 2.00 Feed Slurry No.1 Feed Slurry No.2
Sampling Time 10:45 10:45 10:45 10:45 10:45 10:45 10:45
pH - (monitor) 5.29 5.20
pH - (Lab) 7.23 5.46 7.31 5.55
Temperature ~ °C (monitor) 62.00 61.00
Temperature ~ °C (Lab) 54.10 61.90 51.90 60.80
Moisture % 1.06 17.76 17.71
Density g/ml (Lab) 1.1505 1.1694 1.1546 1.1888
Total Conc. % (monitor) 28.48 28.36
Total Conc. % (Lab) 20.73 25.46 21.22 27.91
ToCa mmol/l, mmol/g 9.48 2,088.60|  975.30 5.77| 2,200.90|  960.00 5.77
ToS mmol/l, mmol/g 54.00|  982.30 5.36 123.80|  982.30 4.69
To CO, mmol/l, mmol/g 70.60 0.33 85.70 0.41
To SO, mmol/l, mmol/g 0.3667|  0.0019 0.0000|  0.0000
To Mg mmol/, mmol/g 0.10 0.31
Ca” mmol/l 0.26 27.37 2472 27.78 28.80
Mg mmol/l 117.86 155.03 113.36 162.59
cr mg/l 230.43|  269.42 230.43|  304.87
Mn™ mg/l 12.66 101.65 13.00 102.12
Al mg/l
Fe mg/l
212 Micron 0.00 0.30 0.00 0.30
106 Micron 0.42 0.30 1.38 0.50
75 Micron 1.91 0.50 2.96 1.10
Particle Size
% on sieve) 63  Micron 1.27 2.80 1.77 3.90
45 Micron 4.66 15.00 4.34 25.30
20 Micron 11.01 39.60 10.45 32.10
<20  Micron 80.73 41,50 79.10 36.80
CaCo, % 94.82 17.66 0.60 3.31 17.99 0.72 4.10
CaO % 53.10
MgO % 1.04 0.41 1.23
Composition
Si0,+Insol. % 3.69 2.02 214
CaS0,.1/2H,0 % 0.00 0.02 0.00 0.00
CaS0,2H,0. % 0.81 13.30 93.57 1.84 12.65 92.19
UNIT 12 UNIT 13
Boiler Load 299 MW | pH Setpoint 5.3 Boiler Load 302 MW pH Setpoint 53
PLANT FgdLoad 100 % |Density Setpoint 28 Fgd Load 100 % Density Setpoint 28
OPERATION |50 Inlet 11,614 mg/Nm® | Absorber bleed  85% SO,lnlet 11,052 mg/Nm’® |Absorber bleed  95%
SO, Outlet 1,434  mg/Nm’ | Oxidation Air run 3 SO, Outlet 743 mg/Nm’ | Oxidation Airrun 3
Total Water 4,290 m’d Total Limestone 990 t/d Total Gypsum 1,744 t/d Desulphur 442 t/d
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clean gas 4
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l overflow clear
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25 n19vin Agglomeration
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ﬁgﬂéwlﬂuﬁ@u (aspect ratio 1) auRanTanE i (rod shape, aspect ratio >1) A4
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2.6 N9EUIUNIT semidry acid-anhydrite

N92UAUNNT semidry acid-anhydrite Wunszuaunsdanzfiaulalasin

g (dszunns 100-200 asenaides) Tneldnsadansnidusiael §isen"* Ml

glduanunmniiadjisenalaweduliiduseulalnsiaedddlnensednelisolaawdy
= o a I3 1 aaa dl a 49( IS

weadandamnai lawmsnuazueulalasiaiunen Uiseniifstuauso@audusunig

st

100-200 °C
CaS0,.2H,0 (10% moisture) + small quantity of H,SO, ——— > CaSO, + 2H,0

aNIeIUNITANEIN1TRLAszinenlalasifaeign1saanane Taanng
nantldunguiadiunsadain 2 waesidusd LL@zﬁﬁiﬂ@uﬁqmmﬁ 100 B9ALTALTRIA
duaansne fu (5297 2-2) wudBunnueaLTeLTamelalamsnaranan o
Uszannuuenlalasiasisduilenanilduniy é’qmmﬁfﬁmﬁﬂmzmumaﬁ semidry
acid-anhydrite 1N AeusFunedanlfidue wlalnsiludadiuiidesnislduda
ifanansnardaunnsfifafianaiamesionmgian s WewnuaslnEuduiiuae s

wasflunaadaudamaan lamsnming

A15199 2-2 wansdTnnnasae] IATUAINNITLIUNNT semidry acid-anhydrite™

A ld d (FasaL)

(falng) | CaSO,.2H,0 | CaSO,.1/2H,0 Caso, Sio,
1 84.9 0.9 13.5 0.6
2 514 1.0 46.6 1.0
3 37.8 0.7 60.4 1.0
4 18.7 0.2 80.4 0.7
24 0.1 0.0 994 0.5

d‘ o v addyo [ % 13 o/ o ?.'/ [ %3 dl
iasannnisdaaziisagdsianiusacldnsadagin - Aedundsaini
fuduilaswmdunaulalasiudiasfasinisfiuuaai@anlansenlasd (Ca(OH),) vaa
wAaLTNANSURSIUR (CaCO,) Waniflunarew  faqiiunszuaunisdananaliiingg
o da( o/ [ U o ) dl }%4 . [ a '
AnauaInNnIsdaRs s useAuiesUimin9a9ld disk dryer nflunisuanuenlalney

TuszAugnamnssngeazld counter-flow rotary tube kiln (gu# 2-11)
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FGD gypsum,
moist

filter

fresh air

Ca(OH),
P g

sin 2-11  wasenszuaunsdumanziuenlalng

v ac . " i 22 L | ==
1u‘qm@’mm‘mma% semidry acid-anhydrite rotary tube kiln
v
| FGD anhydrite

=® rdl a -él = o 1 1 a % a
NanmmLL@ﬂﬂiﬂiWmmmum”Lm:nul,ﬂuﬂzgu@quumémmmﬂﬂenuLcom

1/44
o/

fes? 212 TmﬂfaummmLLfauvl,a”mez}Ja‘ﬂi'NﬁqLLﬁiﬁLfluLwiq (prismatic) AuNNH

AneziluuEy (plate) LL@”Nﬂuﬁmﬂuﬂ’]ﬂLﬂﬁﬂﬂﬁpN’]m 2 lulasiums™

g 212 nawdne SEM aesueulalasinduaszifliainnszuaunis semidry acid-

anhyd rite”
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2.7 wa1rdLmasldsianty (projection plaster)

nangnasidsiandunzanaiamasaueiaiunanusinat amasinamnil
= \ - P % 4 I
919 lun1euaNuAN e AITUNIUNNINA  LHe9an T denutiua MinTasRa Ny
warawafeenll (§UN 2-13) AniuuaefAsEEnnaIameiTiiaiidn "machine-applied
plaster’  WANAMBFANLEINAINTTDNN M LAEINNTHNTARIN AN AN ALAD TN ANANTL AN LA
sinee el ldnanawmefaunisianmmsnzanluniaildidon  Tneantmsengnn

Lare lANsIaN 2-3

Y

AN519N 2-3 UAAANTTFIaInagLnasilsandu’

ANIB
Famdnninsenaranes 0.45-0.55
nanlunnseafaGudy (1) 60-120
warlunisensagaiie (W) 170-220

AN VAR (HIAUFRITINHAALNAT)

flexural strength 1-2
compressive strength 4-6
ANULILLL (NTanTuFagnUIAfNmS) 1000-1200

coverage (ANTINLNATAANAALAAS 100 Nlaniw) 9-10
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U%

Tanmanatamasidunaiainasnilsznausaeina 3 wana wiailamem

(B-CaS0,.0.5H,0, B-HH) uwaulalasianu (AL, y-CaSO,) uazuaulalasiaes (Al B-
CaS0,) Muuaadlugildl 2-14  faqriunisdannsidaimanarameslugnamnssuagld
conveyor kiln (Knauf process) coﬁ"\‘u,mﬂugﬂﬁ 2-15 ‘Emﬂ@ﬂeﬁuﬁ%ﬁﬂuﬁﬂLml,mrﬁl’mgﬂﬁﬂ
TWuauazuaniduauiasine A 3 2un Eﬂsﬁ”mﬁﬁmmmﬁﬂ%@%mdw fdufidaunn

a v a

nnjazaganuuy  nalwenRafuuseesnesdldiariguuniitseuins 700 0961

u

waiea dousuaeguanniazegNlazains 300 esrtaEna

100%ATIT  guickly fiydrates fo hemifipdrate

B-IIHF
inlay AIE + Afl-
w-HEH Mauftiphave u
plasrer
160%HH 75 50 25 160%AIT
sets rapidly sets very sfowly

519 2-14 walpezunsuuanedAtlaznetesiafnanaamnas™

raw gypsum

N
L
~
-y
w
e
=
ey
5
&
=

Ly
R

caleining hood <

combustion
chamber

DA s
A

g I | @A

-~ b
¥ ¥ V l
() () plaster
cooling air 230°C

circulating air 270°C

exhaust gas 100°C

mTrr T T

¥ ¥y

519 2-15 uansnsnandaimanaramesingld conveyor kiln™



unin 3

28ALUUNI5IRE

[ %

3.1 IAULATAITIAN

- fldurguiaannlseluinuiung Asudnaning

- nendaanidudu 98% AR grade (EEC 231-639-5)

- Walflaueaneaad (WHla) ﬁ’mﬁn‘im@q@ 14000 (Merck)
- UAAITRNAYTUAIA (Fluka Chemika 21060)

- winaiaaglas (Methocel J75MS)

- Tmpgedniudfaliun ANdesswag 1.053 (SCC)

- wandu (SKW Trostberg SMF10)

3.2 MmsAnmaNTRLazANHusIanIzrasE Udunauns

£
a o dlfL?J !

antTRuazAnEnIzIaNIzrasdldunguianasinnisAnen luanniddei 1Hun
- agflsznaunnged (chemical composition) a1NNFATIZF AR AN
NMTFIU ASTM C471

- wie9AlsTney (mineral phase) ANNNITIATIZHANLLATES x-ray

diffractometer (Philips PW 1730/70) lugiag 10-50 asan Tneldaanuaninau CuK,, hazld
AiRafawmes A time constant Wi 1 9u#l wae scanning speed WAL 2 89AAaRTN

- Wqﬁm‘mmqmm%‘@umnmﬁnméﬁ’mm’?rlm differential thermal
analyzer (Netzsch Nr 1.303003) lutinsgmuugil 25-900 eamaiiiea Taald heating rate
WNAL 10 e9FATAEEdRaud

- Apanadunas-ssainnsihdneieied pH meter (Mettler Toledo
MP220) ATNNTRATFIU DIN ISO 787-9

- NIINTEANLUUIABYNIAIINNNIIT wet sieve analysis HAZAINNIT
3Lﬂﬁ"1$ﬁﬁqmﬂ§m particle size analyzer (Malvern Mastersizer S)

- Anudaawzaasgltiuannnisiniagld pyknometer

- ANEOIEgUINNTB9RUNIARINNNTANEIANABIqaNIIANRLANATAULLL

489n71A (JEOL JSM 6400)
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3.3 msAnsnsandddungunalaeldlalnslalaau

nmesesdndldunguialaeldlalnslalnauuansisgin 3-1 Taadh

fldunguia 2 Alandu wanuindu 6 ans W0 lilulidniu seusinunzunssiuas 200 e

1
o A !

indldunnunisseundanuanatsusmaninaldusimangaaan  aanduiinlinseqeinu
NTTANMNIRY (Whatman No.42) 1ngduinseaiantiaansinnay 8 ans  tauuiwdn
lalaslalaaw (Mozley 2 munadusinuAueng e 2 4) Nussdn 1 2 uay 3 Alanfusanisg
a A A e ya o H o = Y = Ao a8
TURLNAT WK 5 W9 e lridduiaziinguiun antuasengqunidunsneaudtiinna

o

WA (overflow) wazfildu (underflow) 8anxn BAlNTRINIUNTIZANHNIDILATALILTIN 45

o tﬂ‘dd‘

asraaiea wendldunangalugaanduaziBununldndunnl@nsusesdtlsznay
woAnssNIAINTaN - BHasane] aesssuLLpadsndamnlamsmniniade 3.10

NTNTZABIUIABUNIALALAN HELLFLT41B98UNIA

glduviguia(ui)

TINAY >

/
il
\

TouHIUAZBNIIUAST 200 LU

{

uenualuan

{

lalnslalaan overflow >
a o
—>  AZNAURAUIRNALAY

Ausaiu 1 2 uaz 3 kg/em’

l underflow

ATNAURUIAIAEDL

v

[EXGN

{

AL 45 °C 2 Falua

{

LU —— ) QY MUY ZE LN L Y

519 3-1 uansdunenlunisdetilduvguialngldlataslalaau



fdunguia 50 nFu (Wawinuiia)

UINAU >
\

/
i
/

TOUNIUALUNTILUDS 200 LT

{

LeINLKLUAN
. . .
neadansn Wndu 3 Tuang 4.
UINAU ¢
penaueiLldu

v

N30 WINA : BUdN (Hminisusi)

Y

1cm3:1om3:1g

alal l
ANTAZANUNALE >
y v o v a
5 5 uav 8 om’ i —px—> ANRZNaUFNedansi oA
Y ‘L
Ao : o %
wenmznaudtimawaallnges o i) wenmznaudtimawaallnges
Tanrazangiunnly —— ——— hanrazanaiunnld
{fu ¢ {fu
N84

{

A dunanesaeuInaw

\

nIaN

v

AU 45 °C 2 Falug

v
G
v

pINAAaLaNTRRgE Uy

' v
1% 3-2 uanvdupenluntsdndddunguialaanisazsansauazannznan
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3.4 NSANBINAURIAITAZAIANILALALNS L EAANS LEUANNAANISAN AL NITT

ﬁ'@ﬂnsmmzmnmnau

naneaasdazENaNnisingddunguianin 57.5 nin (seAadlutiuin

wisdsznnny 50 n3N)  wamanAudInaw 150 gnunafauimeas W ldiudaaeses

1
o a

magnetic stirrer 15 W7 At lUfeusnumzunNaUes 200 e TnBUFNTE U9ty
daanuenasulivan  udraailnseuenpzneuaen tpsneuinsadudaHaNALT
N1 50 gnuAriaunms waznsadaninidudu 3 Tuanf 50 gnuisiiauRmg (wnadilf
arAnENareddnsazaefAeazAnansazatadlndsannimunsaude Inaasldans
avaneaidudi 1 wesidudaeuaa) tnladunan 1 4alu felsimnmzney (lunsel
AldnnsanpznaugiadanirTrialsiindnineshldlusnssan laiadlunan 5 i) uen
L@W’]%lﬁl?&ﬂ@uaﬁ’]ﬁﬂ@LL@Q%Q@@I%‘HUH@@ﬂiﬂﬂ?ﬂ\‘ltﬁﬂﬂ’]ﬁ‘m (decantation)  1ndnTazanad
nsasldmnavlunauinzneuiiviesd lufinned dnlitusesn 15 wifl vinlWenezneu
LENALNAUATNANALAIEEN NIDIANTAZANENALANENASS thansaransmnduasliiiyann
urinlinses whdusuiinsadlgllvinlsifunan (pH 6-7) Fastnndn n2eusnildusen

wdntih lauuisngnuunil 45 samtaidisa wiw 2 9alue 1|wentitlduainaninenisdnenan

a

I
Y\ 4" A

= a o dl o o o '
aalnaganduaztFunugldunlandunn et ldnseaeuaniFuasanszianizsinge
panade 3.2 uartFunuasiney Wisumeauiugdduvguianeude  dunewsine T

nanaasstiuandlugln 3-2

3.5 NIFANMINATaINITUNAITazatanauNI ldlusnazn1gvinlndunatelaeld

mefn’zmm%umum

A A o A a X >
@‘LlLu’ﬂﬁ@qﬂiuﬂ’]?‘wm@’ﬂqsluﬁqm@ 3.4 A1TATANEN LA NIANNUUADUURN
b b2 9ﬂl/ o [~ 1 = [~ QIdI
ﬂqﬁ‘@q\‘]ﬁrJﬂﬂﬁ‘mLL@zmﬂmzﬂﬂuuuﬂ\TNﬂqql]l,ﬂuﬂﬁ‘m'ﬂ%@j\‘]ll’]ﬂ LL@zNﬂquLﬂu1ﬂ1ﬁW@3

v
v a g o

amsoindusn i ludlls andisnasiaiaUdusien pH atlugos 67 Feniandidusasld
dnfudufinnmnn SwieliiaideduBnasnnduis dellunimeaesdiit
TeaanuuuliinistirasazarafinaianaunnuyunauldlaanisnruaNAEIBILLLLES
ansazane (neadarsnidindu 3 Tuand 1 dauuasingu 1 daw) Wildaudasdinzes
luta9 1.070+0.005 (N1AKUIN A) Aaengadayanidudu 3 Tuanfuaztnngy  lunsvinly
Hunansasldumaidiananfuanmase Fuadlifiastesluansity antsne pH (11

1auNITid pH aglutag 6-7) Tunaunimeaesiiuandlugily 3-3 Tnalunimesestiaziin
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ansarAENALNNMYUAEWIEA WU 10 AT uazifufet 19aIaza1EA NN IWANNATIN 1
- . « v o . .
3 5 8 war 10 WAwmwiniBuiauuanluansazanasonwesas atomic absorption
spectrophotometer (Varian AA-1275) UaL3IATZHLEN AR 1) YBITLLULAALTEINTA
e lansm WeAnEIINIsnasazarandu myuRsuld uduaznisldueaime

ANFUaLLn LN lEidunanaiuiinasanisdanaviza Ly

fdunguia 50 N3 (Uudnui)

1UINAY >
y

/
TOURNUATLNTILLT 200 LN

LaNUULAEaN

Y

neadansnidndu 3 Tuans

. n989
UNAU . .
¢ nandasnidndu 3 Tuans
- TNNAY
Aznaudildy i
n3A: UNAW : Suldu (U nEnEumw) ALIANANMIILLY
> .
1em’ilem i1 g UAIANTATANE
l A
v o b2 a Y
ANAZNAUAIaans LA - i
% A170ZaNe
ugnAzneuduAauadlilnsag

¢ A

1anTazaeuNT M
.¢ WuansazanglFmaeyt
I > 984 >
¢ WILFUNULUAN

PINaY . ————> - prnaudildy

v

Ty <« upa@gnaniUame

pH6 -7 ﬂ

(RGN

AUWN 45 °C 2 Falug

|

fildy  f—— Amiina

ai > o ° o | ] = e
zﬂ'ﬂ 3-3 u4 ﬂﬂﬂlum@uﬂq?@’]\‘]Tﬁﬂuqﬂqﬁﬂzﬂqﬂﬂ@UNqiﬁﬂﬂﬂLL@Zﬁﬂq‘ﬂfﬁ ARLIEINANTLRLUR

lun19nn lilunana



fldunguia 50 nfu (Hninuiia)

nendansnidandu 3 Tuand

UINAU

\

/
TOUNTUALLNTILLDSF 200 LNT
LONWAILAAN

{

naed

v

AzNaNgUTy

v
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nandanEnidandu 3 Tuand

l

UINAU

Y

n3A : WINAU ; BUFN (UNnEnENGW)

1cm3:1cm3:1g

AALANAITNUUN W

|
UAIRATALANE

l

Y oy o a
ANAzNaUAIadani ot (—‘# 1l

}

o %
uanmenaudinanaundlilngas

}

A

> ANTATANY

TansazaneuNng
i > N9
AeNaNELEy
AUN 60 70 80 LAY 100 °C w1w 1 dalug
LAY 100°C UM 1 2 3 5 8 uaz 24 alug
1NAY >

gal)

Y

Alfdlunane

{

NIRSLAZALIWIT 45 °C

v

U9 3-4 wansduneulunisfnenanegnmg

X

fulfunanueulalnm () F—— AArzina

AfaFuuaulalagd
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3.6 nMsAnENaTaIRuun)ALazIaT lumsaundisalsunuaulalasi

Tudunaunisdanrziveulalnsfarpdnaiunimesadduinda 3.5  As
y - e . N o oo Y - -
\WansasEildneanainatsazatensadaninude  avingldunnseslfunauiigumgisiie
Aa 60 70 80 WAY 100 adAEALEed LT1NANIedaTNg (Werantnsiwmnnzanlunng
uaszidamanatamesd) uazigumniaanaen 100 esAugadea wsldinansne fiu
AR 1 2 3 5 8uay 24 falug (Wannannsimnnzanlunisdanziwaulala) nnlsd
funane  antiwhansldldeesiusesdsznay fEunaunasine aedssuy

waaLgeda e lawmes wazdnwzgiliaaseunin duneunimesestuanslugln 3-4

gelfungnuaulalagf (1)

v

i luandluusiu - Y
A2IRALIA DU _ ,
9UNA 50x50x5 mm ——— fudunanuwanlalng ()
s1i191098140 A

Au3edin 200 Bar
[

v

wanealmin 150 °C 3 dalus

{

Uplfauns <20 Tulasins

{

Janlanaiamas — aassiing

v

., — naN1n e RIda1n 60 NFN sanandmas 100 N
AR UilA ¢

JaA1 pH

WNNAARY > NARAUANLR

519 3-5 ugATUARUNIIENAIEATARNANGNALR SS9 U HAN

3.7 MsAnENsABATIZUNARINANAFLARsNgUUYR AN

u

nnaaadtazizuannnistntddunanweulalnsiannnimeansluiade
3.6 algainnisauiguuugi 60 asrmaidaaniuiauaesdon dounsnaztnludmilu
briquette (NAKWIN 9) TaueNdiuiaedlifiesdn wasaniliningnisaesdanllnsiagey

o 1 1 ¥ XK ) rai a = 3|
Anwnurgiiresaynianaundtasililinueaalmiguugi 150 asrmaios Wunan
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3 dalae eldBdufivdaindifsedlansiuduoiiaflanmuazueulalasia
aniuhilaRananame sl Rinnzinaesdlszneusinereuaadoudamslansn
uazA gy wdadainliungas high-speed ball mill ielddaunpeun1AEnnd,
vizawiniy 20 lulasms Imil@mﬂmam’]zﬁﬁqmﬂ?lm centrifugal particle size analyzer
(Shimadzu SA-CP2)  tinafimananaimeiiegasdauiuaudamnauiutinludamdauiy
60 niusie WaAmas 100 m‘?wﬁ@mmmuﬁﬁﬁhﬂ veawadines dusielilil A Arpany
unam-AranazAAamiindneLATes Brookfield viscometer model RVTD AO 4184 (nA
NWAN Q) AN luNNseERAL flexural strength (LLOYD 500T) wazAanuids (AMSLER 20T)
uaAsgIn DIN 1168 Inslunsmadeuauidisniasinmmaseuiiguugil 3041
asTaden  dumeusne lunimesesiiuandugild 35 lunisuBeuideauaanuuan

] a o

AgrasaNTTRUasaRa  WaAmeTeaedasEnNTmAZaUNIADR  NeAUAI N

o [ % aaa

aAty .05 Tnaaund lianTRwaianisuanuasiuulng Auiuadanldnaaauna™
(Xl — Xz)

2
(s+8]
n n
T: df 1 2

JEm) ) T Gin L Ging)

1 1

[ o

dl A 1 QQQII
LB T Ae AmeadansiainnizAauan

X, WAT X, AB ANLDALUBIANLIRFNN] IBINAARETFN0ENT 1 LaTAneLNaT 2

S, WAT S, A ANUTENILIUNIATFINTIBIANTIRGNG] VoI Ama T 1 UaY
o/ 1 dl
Faaeinai 2

n, WAY N, AR ATUIUATLUNITNARALNAAADTADEST 1 Lazfaatined 2

o

= 1 dl Y o ra all
wFeudeuen T wmmaﬂmﬂummqmmmimmm t (NIANUIN @) N1 degree of

freedom winfu df

3.8 NSANHINTTLATENNAIFLARSRILEUS (projection plaster)

Tun1gmreunangnasanuaiaazindamnananainasndanszflsann
namasediuinde 3.7 wnandunaiamefauniialngn1sHaNANTANWANG] TIlAWN
TmpauanTudalniun 0.2-1.2 wafidudlpauoa wWa1du 0.02-0.08 wwafiduslaauag

waziiaaglaa 0.02-0.08 wWefidudlnunta warniseanuuunimaaesludunautasld
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2-level factorial design”™ @aazyinlildnanamasanuntissinge fu 9 qms Asuansluansg
7 31 anduszimaiameiia 9 grsuinantin udndiuiide wanamasivindy 0.6
uwaztinlldnpanniunan-Ane avanlln uazoanlunaasa wazineanEanIzNLATn

% dl o v a dl 1 2// v
an1nzuanfaNNeuaniataziliiiaannaaapaeulun1meaedluliasafar149s
gUNANANBTUAATEAINIMAREL  ANALTUNNINARALNAALARTATLNTRUAATGATATUARS
TuAn9199 3-2 dayan lFvianunargninun AT IINLBNUIBIA RN UESUFRZAITF B
inalildnarawmasarunisninisivade  waznalunismasonmuizanlunig g

AINUTUAUATENNANANBTAUNIGAINHUNNIARLADNTUNUNDNARD AN RS 1

BenunImasaLdNTRIaITaRaNaALARsanAT

A919% 3-1 uaasiliunnuanamnn i lunnsnanilunatamasanuniiana 9 gms lunioe

N5 (e 100 NFNNAaRAMENaNAmas)

qnaf Tapeuaniudalnue wiariagias waniu
1 1 £ 0.08 0.08
2 1.2 0.08 0.02
3 1.2 0.02 0.08
4 1.2 0.02 0.02
5 0.2 0.08 0.08
6 0.2 0.08 0.02
7 0.2 0.02 0.08
8 0.2 0.02 0.02
9 0.7 0.05 0.05

A19199 3-2 UAAIANAL TUNINAGRLNAAIAB TR UAATE RS

ﬂqﬁ‘mﬂ@@\?ﬁl Qm‘ﬁl ﬂ’]i“V]ﬁ@ﬂ\Tﬁl Qmﬁ“ﬁl ﬂqﬁ“V]ﬁ@@Q'ﬁl Q[ﬂﬁ“ﬁl

: 9 8 2 15 2
2 : 9 6 16 7
3 5 10 8 17 6
4 7 1 1 18 4
5 4 12 3 19 8
6 3 13 5 20 9
7 9 14 9
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= LN 1Y cal o ¢ al a o ac
3.9 ﬂ']iﬂﬂ'i:l"]ﬂuumLlﬂgﬂﬂﬁmglﬂwqg“ﬂﬂﬂLkﬂuvlﬂ‘lﬂ‘iﬂﬂﬂﬂLﬂ?qgﬁﬂqm“ﬂ&l[ﬂ']tﬂﬂ'Jﬁ

a

semidry acid-anhydrite tFeuisunuwaulalnsiassndi

o

ihuewlalanidunmsilgannmeaedluinde 3.6 wazuaulalnmian
893NTANUA R AaYAIAENNIWEaWNAL 20 Tulanms  Taagainuadiasvsisag
\Fi3eq centrifugal particle size analyzer anfuiuevlalasinsaaandnsmantimuas
Anwoizianizane] Bun mandassnmy  dneairgliaeseynin Avnealnedndan
38930 (Hunterlab Ultrascan XE)  i3snauansiiszmed 105 BIANTATEARINNIATU
DIN ISO 787-2 rﬁhma@msﬁuﬁqﬁu (oil absorption value) ANNIATFIU DIN ISO 787-5
ﬂ?mmmiﬁlmmﬂ{iwmummﬁm DIN ISO 787-8 uazA1AMNIUNgA-ANAINNIATFIU

DIN ISO 787-9

wanaINHANINIIANI§RaNIaAnl AT lamstuauaulalngying
a = o o r%’x 9; o ! dl ' dl <
apsrdanfFauneuiy  Insdiueulalasiisassinaniinludnsdounilosiantls Wuldly

desiccator WA 1 3 7 11 14 21 28 35 42 War 49 Fuaniuuinunaud 45 adan

N
a a

v ! £ ¥ v v 1
waiea aulntinasil wuinfisavaziuiwingesihnniaa Nl izens lamsdi

3.10 mMsaTevmnlsunauiasie g aasszuunAadantanlnlainsn”’

FuAINUNIANINAEAATITF lauN 75 agAEAEALTWNAT 30 W T9RNT

ldlunszanu@inn (watch glass) 4 81 a2 Wi Au laanuua i a

mamuaulalasiaiu (Alll, y-CasS0,) udsazaralaiiniaanagadid

6

du 80 wefidul (Wr-20 wlefidnd), avlunszanuiiniduinitslulsunng 1 gnunar

FURAMAT ANTwn lUaud g 75 aeAnmalEed 111 30 1 A lEsiulu desiccator WA

1 v v
auin ldsiaminamualiiu b aniusiunlesidudieulalasviany an

938 (b-a)

%AIlll = X x 100
6.2 a

nsuadlamsm (HH, CaS0,.0.5H,0) iinuinauaslunszanuifinigud

aeq 1 gnuaafiauimns  Aeldnguumgiiveadunan 30 win antuinlleun 75 asmn
= o & Y & . ¥ o o o o o v o >
Al 11w 30 w1 Meldiuly desiccator udaunlddeinminanvualdidu ¢ anndu

AU afiFusan lamsmnann



28

145.15 (c—4b+3a)
27 a

%HH = %100

mamnuaulalasvigas (All, B-CasSO,) Fuinduadunszanunfnndud
anlufsanms 1 gnuiafaufiuns s lddu13lu desiccator fiussqes e
AsLl 7 Su i lauit 75 asrnima@aa 1w 30 it #eliduly desiceator udaaainliarin
wiinAualfidu d antusuamulefidudueulalaniaes an

136.14 (d-c)
36 a

%AIl = %100

msmunaldandainmnlalainss (DH, CaS0,.2H,0) unszanu AN

a

duil 4 lelwnigungil 350 asaamaldaaLuean 30 Wi Uaeslidulumiauisgumgi

75 avAmadad  Uiaanuanaliisiuly desiccator annsuinlufainminavue iy e

o @ & = o/

Al asidusLeaEmandanlalainsnain

172.17 (4b—c—3e)
36

%Crystal Water = (a-e) x100
a

%DH = %100
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HANNSILATISULRYA

4.1 waNITANEINITANEUTNNUAS

ANANSN 41 TUd1I99NAT AT Z A sz naLNI AR Laaa 1 I9i1GN
Auldunquiaiasaeluicldun Ganeulaeenlad eglideneenlas wdneenlasd uax

a1 liazaneaw) unnanBlduaseuTnf  uazainnisA T nsasdALlsznaunLdnEldn

< v

o a oy Ny A2 a Xo o o @ o
W@uLLﬂ@llﬂquU?@‘Wﬁﬂ@uﬂm\imqLN@LVIﬂUﬂUﬂﬂsﬁNﬁ??Nﬁqm u’ﬂﬂ@’muﬁluﬂﬂsm\IWQmemﬁ\l

al '8 al A ala =® v o 1
LAALTENANTUALUANMARAINNIZLIUNITENAANINNERAE 5 LAYNAAINAINAZEDA
ARDINUNATLATIZI XRD (171 4-1) %qﬂmﬂ{] peak IBILAAITENATLBLUALATEATLATIEY
DTA (U 4-2) Galsang peak vesdfjisengaacinfeuludosgnimni 700-800 89

u

wAEEA (NANITAANEIFAIMAALTENAN TR

G - Gypsum
C - Calcite

aldusssuda

519 4-1 uaRINATAIZY XRD Bestildunguiansaunauiuglduassuais
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a 2 o a o 23 I v a o a
AN 4-1 LL’&@\‘]’&N‘LIlﬂLL@Z@ﬂEm&@W’]x“ﬂ‘ﬂ\‘lﬂﬂsﬁquLLﬂ@L‘LG‘EI‘LIL‘V]E‘Llﬂ‘]_lf;lﬂsﬁﬂﬁﬁ‘ﬁ‘ﬂﬂj’]ﬁ]

gildunquna | Bildusssuani

AMNTY (Satay) 14.73+0.18 ;
23AUsENaUNIGLAT (Saaaz)

‘Em@ﬂ (crystal water) 18.52 19.87

danaulnaanldd (Si0,) LL@ix@ﬂiﬁiﬂaxaﬂﬂﬁuj 1.79 0.36

agiitanuavindnaanlas (R,0.) 0.90 0.28

wAa@eNaanlas (Ca0) 32.47 32.51

daaslasaanlis (SO,) 42.30 45.70
vWa (ANN1FANUIN, Sa8IAL)

gilfu (CaSO,.2H,0) 88.49 94.94

waulalneii (CasSO,) 1.95 2.63

wAaLTENAFUBLUA (CaCO,) 5.08 0.90
MsAATIERIEAzLNTIsauLLLilen
(ﬂ?mmmﬁﬁc\hummnsq, ’;’ﬂﬂ@x)*

50 w1 (16nn41 300 lulAgiums) 98.71+0.35 -

100 w1 (1@nnd1 150 lulasiums) 97.27+0.10 -

140 wa (1@nndn 106 ulasiums) 96.15+0.39 -

200 Lt (&nnan 75 tulasiums) 93.99+0.42 -

230 i (énnan 63 lulasiums) 86.66+3.09 -

325 i (1annan 45 lulasms) 65.65+5:30 -

400 g (6nnan 38 Tulasiums) 54.16211.94 -
mu']m'a‘lén'mmgﬂ (laser light scattering, TulAsiums) 47.32 -
pH 6.62+0.46 7.130.10
ATNTWANNIES (NFNARYNUIANLIURLNAST) 2.327+0.007 2.336+0.005
A TnaauAg 219

*PINNINAADY 3 AFI NILAUANNLTDNY 95%
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350°C
aldusssUYn

adduuauda

393°C

7718°C

154°C

o 200 400 600 800

51N 42 uanINAIAIZI DTA 208t dunguianseumeuivEddusssnens

3 !

AngU 4-2 uapdliinga namuaalaiEldnlugosgungi 900 amn

£
o a A

= a aaa ' a d?
Lﬁ@mﬂ@@tﬂﬂgﬂﬁ‘ﬁl’]ﬁl’]\ﬂ NAAUANL AR

1. CaS0O,.2H,0—> CaS0,.0.5H,0  NemuyHilazann 160 asAmaLdes

Gl

2. CaS0,.0.5H,0 — -CaSO,  fiaampdtlazanns 190 asaLaaiiea

3.7-CaSO,— B-CaSO, ~ Ngnmqisznind 350-400 B9ATALTLE

1
=

4. CaCO,—> Ca0 + CO, Nauunitsznins 700-800 a9ATaT8A

q a

AMNHARLATIZUNIINITAIETUIAEYNTIA  (§UN 4-3) uanslvidiudnEddy
Wauiadnisnszarsaunenmaludoindianin  wldndldunguiaazlauinuansiieiu
NnusaINNIMaINIsuLinIInIzate s aenAudag g 16 3 deske deandaun
@anndn 10 lulpsiums  dasdflawns 10 D9 100 lulpsiums uazdasifawnaluningn 100
Tulasims | Tngaynirdaulungjaziawneslugos 10 09100 lulasiwas - annanang
v 1% L a o 24 al (=3 1 a o 24
AaenaesqanssAlEiannseutesdliuviguia (UN 4-4) aziiudnuanangddunguisas
HAUNAWANANAUNINUAIEINAN ST 19998 YNIARANFANAUNINADY  LaZA NN
fheaziuindayniaugaunziwiluden  SednldnisAnauinlaanissauiuuuis (dry
. o ° yaa | o ' P a o o =2
sieve) udnazynliglduuedoudesgoidall Auiwlunisdnenisnszaraauineynia

Tun1maaastialdnissaunuudlean (wet sieve)
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Volume (%)

L e e

L L L L L A e

q B
LLL!LLL]&H_I:.L‘.E_LL];.I.
* L

O
=l

5119 4-4 nwehy SEMaesBlFunguda

ANUAIATIZH AR AN T TaUMLLITENTUANSIN 41 WAZAINANTUY

dISJ at 1 tSI o QI A 1
1R9ANIMANRZUNGS (FUN 4-5) nudtamapzunNNmNzanlunIsARLanRuAaLusNe
Felawinlun) % |Wu nee AW waznang eenangldduAe meunsaues 200 W (75
TUIATIHAT) LaztHaNANTUNRUBEUTNNIAUNIUATLNTILAT 200 WAWAANLINRITUTIAY
IndiResiudeestldunguiandslidson  uandlidiudrdimantsng ugildunguiativ
Wunaniandaaetundswnaénngn 75 Tulaswes  fosweilunisAnennisdnstildy

Wauiaazldtldunguianuiunzunsanies 200 waninsAne
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51N 4-5 ugnanEIzLe

AAMNNT LT UFILNAT (sﬂ 4

overflow aziflunznaudLImnI £l | naganNeunisaneingltlalnslalnau
=

udnazide '@umﬂmqmuimmﬁ@_%% 1Anestilfunguianaudng (U 4-5)

gﬂﬁ 4-6 uansaneuzansildunguiandsainndnslealilalnslalnan
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ANNANTIN 4-2 TIAAILFHNUEUFULAZAZNAURTINANALAIN LFaINN19I9N
lalaslalpaunudn  usesuludaenldlunisdnenuliinasaFunastidduuazmznana
%’ dl = o dl 1 v dl o v v
tpnanaanaanyn  addunniunanalaaldlainslalaauiiatinlinsanasaLiwianaony
! - X o 2 oay o o o o = a8 Y A
draziipneaNintn  andesaldinneiuduiensas  asNnznauduInnaLagiuLie
) dl v a dll o £ < o :l/
dlinsas  mynauinsadldazwilaanasiiatnllatauuisazudannn Agiuuanann
pznaudtnaauasilazinltldunguiaddduudadsanailuamanin ldeaynianiz i

uAaumas

A59N 4-2 Lapananimeaaadansiildulaeldlalnglalna

WSIAU underflow overflow

(kg/em?) | WBanaufila ($aaaz) a Banadile (Fasaz) a
1 92.83 rhanagay 7.09 PNANALAS
2 92.27 vhanasau 7.55 PnANaLA
3 92.50 vhanagey 7.24 PNANALAS

UNNEII6) NUgIAY 3 AlAnINFaRIssuRiNas ladsnALAnlTLsAuAs L6

s 4-7 nwdne SEM aesEiddunguianidainnisdwingldlalaslalaaunusesu 2

AlaniuAamITTURLNAT
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AMNNNEEAENABIaNTsAIR AN AT uTastlFuguRanHunNsAaTAe
Wlalnslalaauiiusedy 2 AlanuAenIIgmuFmmg (gﬂ‘l‘?‘i 4-7) avfiuindudsuilgtannu
ArenPNNTY  uavudsaniieuusiaudaaliimesiuiufon  anuadiAmsinnnizane
1UIABYNIA (gﬂ‘l‘?‘i 4-8) wudﬁﬂ?ﬁmmﬁﬂsﬁﬂuﬁmﬁﬁmmmmémm@“ﬂﬂdq 10 TailAsiaAIts
@mmLﬁfaLﬁﬂuﬁum@mzmmmm@gmmm@ﬂﬁuﬂ@LLﬁ”mlugﬂﬁ 4-3  uaa i

a %’ dy 1 d‘ v d‘d 3 ! ] 1
ﬁ]%ﬂ‘ﬂu@u’\ﬁ]’]@LLﬂﬂuuﬁmﬂzﬂﬁ‘Zﬂ@UW)ﬂ‘ﬂ‘lalﬂ’\ﬂ‘l/m?.lu’]ﬁmﬂﬂ'}’\ 10 1NI@?LNM?L§H@QH1V@

Volume (%)
20
] _bg
[ |
L ‘70
T 60
107 1
_ 1o
1 o
of £ - _0
0.1 1.0

Particle Diameter (um.)

sU¥ 4-8 uannaTAIzinITnIzAIsTIneunIATestldunguianlfainnisdnelne 14

lalnslalpaunusesy 2 AlansupAamnII9EURLNAT

anuanisAnnIsasEldunguialaelilalaslalnauinlfiinannmgnu
Tunsdnlnenisgzdaansanazanpznauidl diainisani Winznaudiinaunauzauaes
ag luansavaeluanenilduiuanpznevetldids nisusne nznaudtiimauseanas
o 7 = a a AI d%, % -34 ¥ ) a a
ansonin ideuarddss@vsnmanngsan  seewmstatinaassiansazanainalotia
s A ° v A . aa & A aa KR A 9
waanaged (Wake) anldlunisvinuthidy foaming agent auile  BnaanidsAenisld

ultrasonic wave deflaqriuiinnatiiu llunisinaonuarenaiuuan

=— drsazanafiounia
Henauaonszvasg

suaznpudifananng —-p
-« dunznautiinaiasau
(@l

] v
;a:ﬂﬁ 4-9 uamsnisuanduaasnznanliin19a19lnENNI L AENIALATANAZNAY
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g‘ﬂﬁ 4-10 NANDNE SEM m@qm:n@uﬁﬁqmmm

Volume (%)

[ : _ oo

T e — — B0

: £ TR 20

01 1.0 10.0 100.0 1000.0
Particle Diameter (um.)

ai a s al %
gﬂ‘l/l 4-11 LL’&&NN@QLﬂﬁ"]zﬂﬂ’]?ﬂTg’ﬂ’]ﬂ?Iu’]ﬂﬂiéﬂ']ﬂﬂl‘ﬂ\iﬁlﬁiﬂ‘ﬂu@u’]mq@LLﬁN

ann1maaaddelangnisszdanspuasanaznaunudnlun1saisazd

AW I =< e o o 1 = o~ g A e o
prnauusniuastuAe TUIENNRLIAIALAILAZTUANEIINALNAIABL (Rilld) Avlans
lugdn 49 anamdesenaeanssadgianasen (gUN 4-10) uaznadiAszing
nIzaneIuIneuNIA (§UN 4-11) uansliviudinzneudniimauaslszneusaueynianad

Huunaanldnlulaswasllaunmawalungidudululanuas  ayniAuNdIulanH LY

a v A

Wunsanan Huwieegludos 10-80 lulaswms Teanseanunisdan iigAnm l3new

)% yananniidawumaand (Sio,)

v dg’ ! { di’ A 1%
NUIRITLIMBUNTIANTNNANLUAL AR LD DE (fly ash

wnledll uardildulunaiiasizsl XRD (g1l 4-15)
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P P o o Yo v a [y
LN@L‘]_F}FJ‘]JW]FJ‘]J N@m@\‘]ﬂq?l‘ﬂﬁq?ﬂxﬂqﬂwq bR LL@xﬂ']‘JfL‘ﬁﬂ@ m?qi‘ﬁuﬂluﬂq?@q\‘]

(157299 4-3) wudnsanaznausiedanilaiiaazinlilagldundunn (yield) snniige

' ¥
=2 o o o

wtliflunanianaznauaesilduaegduansdaiuuiy  vinTinisusnazneudniimnanng

° Y o a a ! o [ = @ al
'afaﬂm’lmﬁ‘nwﬂmfaﬂ’]\mﬂa‘m*ﬂﬁﬂﬂw @qﬂﬂqWﬂqﬂﬂQﬂﬂ@’ﬂ\?“ﬂﬂVI??ﬂu@L@ﬂm?’ﬂu (:fl:ﬂ‘lﬂ 4-

12) AMHAIATIZUNIINITANLIUIALUNIA (SUN 4-13) uazandnwurvesdldunguia

=

nanslnanisszdnenaauazanazneu (gUN 4-14) wudrdddunguiananslaanisazsos

u

nsauazanaznauariansarindAeiudldunguiananclaeldlalnslalaan

A19199 4-3 uARIKANIIAaasaNEldNguAalnenfsTzAtenaLazANAZNEY

AN1ITN1FANS Banndiddanls (Gasaz) a
Waie 2 cm /alduvlguia (u) 50 g 76.12+0.68 UIM1AEDY
Wala 5 cm’/Aldunguia (uiie) 50 g 78.4240.82 UAasau

#iia 8 cm’/Alduguia (uiie) 50g" \ -

HaaniTaia 81.74+0.59 TNANABDU

* NININAARY 3 AFI MILALANNITANL 95%

= Jnasuinauldaiunsansasle

519 4-12 nandne SEM vestilduvguiandnslaanisazdaansauazanaznausondani

Tl
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0 .. \oume(h o
f bo
- . 70
: 60

107 ;
& _Ho
o

0.1 10 100 00.0

Particle Diameter (um.)

g 413 wansnadiAszinianszansIneunIATestldunguianaslaanisazsiae

NIALALANAENAURILB ARG TR

ANIAENTALAS ANASZNA Y

& &
AXnavduuy AEZNBUDUAIY

519 4-14 wansdneuzaesttliunguiandslaanisgzfaansauazannznay

A15199 4-4 uanavlaasdlsznauaesdlduvguianciunisanausdn

. Wa (Fasaz)
ANNITNITAN ( o
1lalawasn naulalnsvians | diunvag
analpeldlalnslalnaniinsafu
- L - 91.20£0.12 0.24+0.13 8.57+0.40
2 AlaNSUFARNIFINTURLNAT
ATALNITLANTIALALAN
S 95.60+0.57 0.49:0.26 3.91:0.48
ALNauARdans1 lnie

* PININAADRY 3 AFI NILFLANNITANL 95%

PNNEIUE NNz idnunaulalnviaunasiai Lo

1 1 v ]
WanFauisnaasmlsenauaasfildun leainn1sa1eieaadia  (A15719N

s
a a

4-4)  wudngldunguiandnelaanisgsfoansauasannznauaslAINLTgnsgIndn

9 a
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glfunguiandunisdnsleeldlalaslalaan Tnaariaanidgnsuini 95 wWefidus ws

AINNAIAIIEA XRD (gﬂ'ﬁ 4-15) WAZNATLATIZY DTA (gﬂﬁ 4-16) WudNARTYIN 1A

)
a < o @

dldunquiandnelaaldlalnslalaauiaonnuignsaindnfiilaaniainnisiduaaies
o A 1 dl ¥ ¥ o ZJ/ o o asa [ =
prfUBAMAeeY  anuziinnsdnalneldnsadaEniunsadanEnasindisaniuuna e
arfuammiadugldunnay  uaziethlWansandaniunadmazyd DTA lugidn 4-2
inannsnagdlddngumgilunisfindfisensine sesEddunguisasgendiuestldy

899NTR antiRvestlduvguiandnsdaanisssicansauazanaznauuansumnsan 4-5

G - Gypsum G
C - Calcite
K - Kaolinite
Q - Quartz

auduwauida(lalaslslaau)

Im:nau%iti’nmaumo

50 40 30 20 10

] v
51N 4-15 UAAILATLATIZI XRD vasELdunguia (A1) WAZAZNAURUNANIALAY
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aldudaudd@oadansa)

auduwaundid(lolaslslaau)

380°C

785°C

(@) 200 400 600 800

51N 4-16 uAANEATLATIZY DTA 2eELldunguia (419)

A9199 4-5 Lanan s REueUaNTRuazANH TN zaestildFunguiana uua s nasdng

gl funguna gudunguna (819)

asrlsznauntaai (%"aﬂaz)

PN (crystal water) 18,52 20.05

Fanaulananlis (Si0,) memi‘ﬁlvlaimawﬁluj 1.79 0.55

aglilanuazianeanlas (R,0,) 0.90 0.32

waadanaanlas (Cao) 32.47 32.01

daasinsoanlas (SO,) 42:30 46.36
WA (RINNIFAUIY, SREAL)

gitlin (CaS0,:2H;0) 88.49 95.80

waulalagii (Caso,) 1.95 3.08

WARLTINANFLUBLUA (CaCO,) 5.08 -
mumagmmaﬁﬂ (laser light scattering, Tulasiums) 47.32 44.55
pH’ 6.62+0.46 6.93+0.26
ANANANNE (NFHARYNUNANTURLNAST) 2.327+0.007 2.306+0.006
a PnAnALAY vihanageu

*ANINAABY 3 AT NITHALAMNLTRITU 95%
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ANNANTIN 4-6 TIAPSHANITANHINITUIANTAZANAUN M WK LAaZN1g

i ifunanlagldupaionafuamanudn  nisiiaisazarandunuyuRsuldlusiuas
g liidunanalaglduaadanafuaiunasliinasnemaesslsynavaadlduuay
Bunudldunls  usidanasunlFunuaniazantaaldNIazaeaziiiugn n19Unans

o = :j/ al < U dl

azananduNmyuRauldlu 4 afausn azlinanazatsadluansazanaldunnngn (Jszunns
100 TulasniusiagnunArfiaufiumssan1sans 1 batch) winAIRINUNAIaza1enaLNT 1
¥ > @ vy = P a = v v
wdn 4 AR wdnazavaeenyn iipaatuazazivandnsa (5UN 4-17) Navndndu
dszanns 400 Tulasniusegnuadaummeas wazainnaluansnen 4-6 awnsnilszannsls

dnlunsdnstildunquia 100 ninassiagldupaiaenpsuawmtlaza 1.4 niy

AN 4-6  LAAINANI3ANE NI dlunanalas A a e NANFUBLUALAZNNITNENT
azananauNn 1l
NNSANASIN
1 3 5 8 10
| lalawmse 95.36+0.61 | 96.04+0.36 | 95.60+0.34 | 95.48+0.51 | 95.58+0.39
39
= g waulalasvidas | 026+0.19 | 0.10+0.07 | 0.1240.14 | 0.15+0.07 | 0.17+0.07
Ao f a4 o
~ | duivaa 4.38+0.75 | 3.86+0.36 | 4.28+0.41 | 4.37+0.46 | 4.25+0.36
dsuagidgunle (nsN) 82.50 81.14 81.30 81.61 81.23
] TNANAEAY | WIANAEAY | WIANAE8Y | WIANAE8Y | WIANAEal
ﬂ‘%mmttﬂm%ﬂuméumum
. A4 1.35 1.39 1.28 1.41 1.31
Nl (9/100 g Silaia)
WBamausmmanty
] 114 353 455 422 439
A1982]818 (Jug/cm”)
* NINN9NAAAY 3 A5 NILFLANNITATU 95%
500
' —
—— 'Y
~ 400 / L 2
mE %
< / 51N 4-17 naanwdmIAIN
2 300 w
= / GETI L EATL RRE LIPSt AT TN
o
a < o o
= 200 s1gmanluansazaaiuaugL
1= v
& 100 /. ASlRNNTUNAN Tz AN LN T
0/

2 4

]

IS ¥ oa
MIATATN

10
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4.2 wansAnENsRaLATIRNanNanadnasuaswaulalasinguuniisinlngds

u

semidry acid-anhydrite

Tunnsdnildunguialpanisgeioansauazanaznauity  UAIRINTANTAY

a o g a o o = o 1% 1 o 3.’/ =2
uwengildueanainansazansnad uilduazdapsinsadansnanseas  Aatiulunisfine
nsdansziiasiananamefuazueulalnsingunialneds semidry acid-anhydrite

=2 ya o 24 tzll 1% v
AgldtdunguiananelnenisreiaensauazANmzNay

lunnsAnsuavesgnmgiuazszezinalunseuiilseliunnueulalngy
Tnanammsiingessilsynauniasiade 3.10 (A15799 4-7)  wudniiundelawmsnuas
warlalanfazanaailefagnmgiarssaznarlunisey  uwianuadamsd XRD (51
4-18 uavgl# 4-19) nAuwaId ﬂ’]’iLﬁN@ﬂAMﬂuﬁLLZ\)Z?ZEI3L')Z\]ﬂ%ﬂ’1?@ﬂ‘&lﬁ$ﬁﬂﬁlﬁ‘mﬁm
nlamsnanausidsinnuerldlanfaniinty - awafitiunuelglnsiainnisiased
e 3.10 anaiuiifiasnannmaiinenmgiiuazszaznattumsuaslnifuasiua
M reactivity Tunsiing lamsduaesuweulalnmianas™ Foilunnadiessinaesd
dsznavaassruvupadendamnlanse  unueulalasiaesaslduineitden  Aald

NNFANLIEUANN

%Al =100 - %Al —%HH —%DH

AM5197 4-7 LAAIHATRIgANNHLAZIZEI0AT liN1saudeLEN i aTegEldy

anae Wd (Sasaz) -

nsau waulalnsnaas lalainsm Audivan “
60 °C 1 7w. 54.09+0.77 39.99+0.31 5.92+0.98 {i’][ﬂ’]@’i’j@u
70°C 1 u. 54.65+2.06 25.56+0.41 19.80+2.30 {i’]ﬁ]’]@ﬂ'ﬂu
80 °C 1 1. 26.00+0.73 15.05+£1.04 58.94+1.44 ARLUIN9219
100 °C 134, 14.77+0.63 8.95+0.17 76.28+0.64 ilalo)
100 °C -2 7. 4.96+0.35 6.27+0.10 88.77+0.28 U119
100 °C 3 7. 3.02+0.40 5.25+0.13 91.80+0.56 U119
100 °C 5 7. 2.67+0.22 5.06+0.19 92.27+0.19 ilale)
100 °C 8 7. 1.49+0.11 4.88+0.10 93.63+0.10 ilalo)
100 °C 24 . 1.41+0.10 4.50+0.39 94.09+0.37 U119

*NINNINAADY 3 AFI NILAUANNLTRN 95%

] ai 1 a aaa = o
= goui lifinUnsanslawmedu
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A - Anhydrite
G - Gypsum

WWMMMW

100 dodvaIgad

G

80 avdvaldad

70 aodnvalsad

.

T — " — T T
50 40 30 20 10

60 dodlvaldod

519 4-18 wanNadATZ XRD NlAannisAnuanesgnmnRluniseundsezunn

waulalast (anlunisay 1 dqlua)
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A - Anhydrite
G - Gypsum
A
A A A
A A A
A G
1 9olwo
A
A i
A A Al
A
A
Nehot W WMM
3 9oluo

A 24 350
A A N
N N A N W A
\ | | | uau'la'lmsvisssumﬁl
R e

51N 419 | uanenaTAaedl XRD Aildaannisdnsnaresssazinanluniseuisesunn

waulalasyi (aauunilunisas 100 esALtaLTHA)

1
v A v

AnNadATTIedALsEnauNIARaasElFug uAaNN LN IR ULARTINL
Vo 2 = g A e oy & - < o o ya o el 8
dspanaawanagluiddn iesanwandussddlsznaunilanyinlvgdduidnonia
1 d d‘ a =l a o o ﬂ' 1 QI a
WAANNAIFIN 4-7 aNaTnATesEldunasey (§UN 4-20) WUIINTINNYUUNHIAL

wanlunseuasi WgUduidennan  anvgiiniseuinaeestlduantauiuduiingiu

1 a dl a o [~3 dl
naziinanniateandindureavanidanwlyl



45

a n/\\ 24 o
gl dnguAanannIadaIn

2 ’) A
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A

!

a a }..l pJ N o AI a IQ
aidnmsan (gUN 4-21) Auliegaudn g‘ﬁr@ W3t (dehydration) azEuifiaNRq1e4
j’\“‘ g ol X ¥ 2o~
BYNIATDITLIFH fau@umﬂmm%@ U auniesesuanlalasininaluiuacd

. _Z MY T SR
NEUEN Lﬂ’]“’ﬂuLﬂN@Nﬂﬂumuﬂuﬂuﬂ'{ mmmmﬂﬂkl.%mmiﬂmlu WIANTNTZANE

fJLmeVLﬂﬂﬂm% AagaanIsAuaIanAsan (SUR 4-22) gjl,uummmfml,l,fau"[aimmv

a o

Ransoustiduun (prifﬁnatic)“l

asannluamaungsy  danmanatdmasinantuiarlesslsznatuas

wannseiie| | LU VIEIUST

- elaeee ldinusesay 2

QW’]@*@HE@%M%’]’WI eRY

- waulalaviany Uszsunoisesay 14

- waulalaviaes Uszunnusenay 58

Fatiuannuan1maaadluans1an 4-7 azlaantldunanuanlalasyiimaey
IFannnisevddunguianannandaninigumni 60 asmaadaaflunan 1 a0
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19 b Lul
xa&q .ré’

5191 4-21 nwdne SEM m@qﬁﬂeﬁummmm%@vﬁﬂ%qmuma‘@uﬁ@mmﬁ 60 IANLTALTEIA

3

Waan 1 dalug

STREC

5191 4-22 nawdne SEM aesBildunannsadanindaniiunisauigungi 60 s LTt

3
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o Y

5191 4-23 nnenauediau briquette N9AAYLTE uniaxial press Nwsedn 200 L5

g1l71 424 ‘nwidae SEM desriens briquette

Tunnsfnsnisdaunszidaminanaiaine fgunginazusiddunas

wanlalasvidaldiduanssasuaandn 2 diu  dounilatinludsdudeu briquette Aaedd
uniaxial press 14398/ 200 1§ (U 4-23) WFaLsuAUBNAUNTsEldnR (powder) 119

Ao A = ! a Ao & \ A \ o . p~
'LmLW@ﬂﬂﬂqqqﬂuﬂqﬁmﬂﬂﬂﬂsﬁllw%lﬂﬁﬂLﬂ@ﬂﬂ% (IﬂﬂLﬁwqgﬂléﬂ’]ﬂV]Ngﬂ?qﬂLﬂuLWN) EUNRN

AagNtRIasiaRanandinasiTa
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AMNNINEEFENABIANIIALBIANATRULRIAEY briquette (FUN 4-24) A

=1 1 = dld [ 1 v & dll o rdl a
dindn ldfeynanddneusiluuwisdeng Wi et ldwnuealoigamgi 150 aeen

= nl/ o a g 6 a; a '8 ni
waiaa 3 4ol uaztilfimszinassdlsznay (mne19n 4-8) uardAanzil XRD (519
4-25) WuaRmanangmasndaaszftuia 2 muﬂuﬁmﬁﬂ@zﬂ@mmwxlmmj na
al o
LAEINTIY

%

A15199 4-8 wansiunnunasine sesiamanatanesndsnszila

wWa (Saaaz)
waulalnsvan | adlanem lalawmsm waulalnsaas
HUNSDR 9.39:0.75 29.49+1.07 0.83+0.23 60.29+1.09
laifinunnsan 9.51%0.74 29.22+0.62 0.74+0.27 60.53+0.96

* RIN1INARDY 3 ATI NIEAUAIN TR 95%

A - Anhydrite
H - Hemihydrate

[

ANWIIN® 200 U5

laioa

50 40 30 20 10

%

519 4-25 wanINadLAIIEd XRD a89daRWanaanasidans et ld
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ANS19N 4-9 LAPNANURTEIHARNENAAReST (BRTIdIuTAaNANAmasvindy 0.6
g luNIIMeaeUWInGL 29 aeAniEa@ad  uNReNUYINAY 28 avAgaiiea AN

pH 2RIUWINAL 6.79)

NARLNS
¢ X K T d t
WANRLADS y voza
) an 6.00 0.006
pH — -1.49 3.27 +3.07
ldan 6.01 0.010
AMMNURUR an 3633 28.867
N = 1.48 3.72 +2.89
(LIURNDER) ldan 3592 38.188
LR L UNIFLTRF an 17.39 0.775
S e - 213 3.26 £3.08
bTNAU (UIN) lsdian 16.28 0.461
LR FUNIFLTA R AR 30.00 0.866
" o fr 3.97 2.75 +3.46
gaNe (UN) laiam 27.83 0.382
flexural strength 2R 5.08 0.073
2,* 2 0.02 2.09 +4.20
(N/mm?”) 1ldan 5.07 0.496
AN 2R 10.66 0.671
2% F -0.30 9.53 +2.24
(N/mm”) ldan 10.79 0.840
bulk density AR 1.123 0.006
3\ — -6.94 4.00 2.78
(glem’) ldan 1.157 0.006

* NINNINAADY 3 AFS NTIZALANN TR 95%

** INIINARDT 6 AT NILFLAINITDEU 95%

nNNMmAgetantRaeslafmanatsne s lfinasauandlumisiean  4-9
di o o v Aa o—ij/ o 1 = o s aa v
WathanTRaesdanmananamafisaassedenndigunauiulae IR sn19n1eadinngn
WUqN TaRaNandmesiadessiies1eiuilAn pH Cauuta  warlunnsEnsaFu s
(initial setting time)  flexural strength Lmzmmu‘*ﬁqimmnﬁiﬂﬁu(|T|s|t|) WEAN NN
LIRFAQATINe (final setting time) wax bulk density AzWANFNSW (T[> ) wimamumnsing
panamaziigaantasvinguy  Tnanalunagadagaitaazunnsneiuilszanns 2 wii
wazAn bulk density azwAnFaiULsTINn 0.03 niusegnuATIURNAT  Aedulunng
=S = '8 3 Y o a o‘d‘ o a‘dg{ [} o
AnsnITmTaNnaNdnafaLaiiaas Il ananandmasndaunsiiulng lunnunisin

. [ a 1 1 dl ¥ 1 a a o a

agglomeration NMHANAUAIANUAN] Bldun Topasanludalhiun  wiiagagias

I dl a ] :j/ a dl azagll I ' a g ] o A
LAZINANNY  IPeNaTANLeeie 3 dHan Mlarinasadauifraswanamasianaeiu Aa
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a A a o = o o v o o a A o a

ﬂ’]ﬁ‘LmNImLﬁﬂN@ﬂIueﬁ@IV\lLumqgllN@VI’]IVW@W@LW@?NTW?VLVQWQQ HAMMNUUAR NITLAN
4 1

Lllﬁ@Lsﬁ@@uiﬂﬂqgﬁﬁN@V]’ﬂﬁ?gﬂzlﬂﬂqluﬂq?mmﬁqm‘ﬂ\?W@’]@meﬂﬁfﬂqququ;ﬁu Tmzﬁﬂ'ﬁlﬁﬂ

wWaRwTuarinamanan1n lEnandmasinis afm e NN va L a0 NI meE o

4.3 NANISANEINISIATUNNANALADSRILINUS

A157197 4-10 LAASNANIINARBLNANAADIRNUNININ 9 gR9 (SRadautisianaainasivia
v
Au 0.6 gouupilunimeaeuWiniy 30 asA@aTes  gruNRYeNUYINAL 28 83An

walEed A1 pH 1891 6.87)

ASLANWAY (g/100 g plaster) L’)ﬂ']dluﬂﬁjl.’ﬁﬂm')
g3 CRRPDT ()
# | TnAen@nlu £ ) o (iumnwaad) | - .
Tl LANEIY Xe Y BusY | gaving
9 0.7 0.05 0.05 5.94 1500 43 119
1 1.2 0.08 0.08 5.99 1525 71 201
5 0.2 0.08 0.08 5.90 2300 60 171
7 0.2 0.02 0.08 5.91 2900 23 49
4 1.2 0.02 0.02 5.96 1425 20 64
3 1.2 0.02 0.08 5.96 1675 26 73
9 0.7 0.05 0.05 5.89 1325 46 128
2 1.2 0.08 0.02 5.88 1400 66 189
6 0.2 0.08 0.02 5.86 2825 47 122
8 0.2 0.02 0.02 5.89 3200 25 63
1 1.2 0.08 0.08 5.94 1375 68 192
3 1.2 0.02 0.08 5.88 1475 24 68
5 0.2 0.08 0.08 5.92 2125 55 160
9 0.7 0.05 0.05 5.90 1375 41 112
2 1.2 0.08 0.02 5.93 1250 63 188
7 0.2 0.02 0.08 5.94 3050 25 53
6 0.2 0.08 0.02 5.90 2750 45 124
4 1.2 0.02 0.02 5.89 1550 24 72
8 0.2 0.02 0.02 5.84 3075 26 70
9 0.7 0.05 0.05 5.86 1425 47 121
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Viscosity Initial Setting Time

=
e
Methylcellulose

—

>
w

<

Methylcellulose

/ Melamine

(X3)

g
=
=
g
>
=

Sodiumlignosulphonate Sodiumlignosulphonate
0.2 Xy 12 0.2 Xy 12

519 426 neauRALARIANANT LS Iz U NLEN AN RN I LA T TA LA

1981 TUNN TR A2 BN ALABINAVRLAD T AN LIS

ANHANITN AR LANTTRLRNA AR TR LI O 4ns Fauandlunngned
4-10 \ilatihen pH 289NAIALAR FRILETNNIRLATISHAINLLTUT9U™ (NARWAN 1) WUIN
TR NLANANITEUINGAN - pH (mmﬁ'm) mmwmmm%@mumﬁqﬁq 9 gms (F < Ferit) A
an s Bnuanninuivieamiidluntsineillifinased pH semanamesanumls
wANNARRAT pH 2eaTaRanaIawmasnanamas (F > Ferit nARUIN 1) tnaiaani ldan
pH anasilszane 0.1 LAt HA FINANANNALAT N AL ALY e TR

25,31 (.ﬂ’]ﬂ

A ENAUkaTIaan UM sEARagaTe  TaanisuiAdunanetiEaduet1ne
Luon 9) azwiudinanlunisamsingaingaziszaznaiiu 3 winaesszazina lunsmnsn
Gusu et liun139ses s TN AN S ANANTIINA YA HA T NAN 7NN N AN A NAUE

v 1
FEUMINLTU AL AN UFNTNAINA LA NNRA LA LA 11N 9 15 R (TN BT

o v

andeyalumisian 4-10 Wathdayaludiusssaanumiauazioanlunig
IARABNAUNIMN AR A A AW WNS AN A NHR (UM 4-26) WunANHANRUSTEUINN

% o

BN s AL aviagna (Fautlagiy) Aumnuvilauazianlunamadaiugy (Faudsnnm)
arianenee liiifuiduns TnsgannnisaiuniazlsAnanules (curvature)™ &
curvature (m’muﬁm) = {(1450+1325+1575+1488+2213+2788+2975+3138)/8}-1406
= 2119-1406
=713
curvature (1081 IUNNSIRFABNAL) = {(69.5+64.5+25+20+57 5+46+24+25 5)/8)-44.25
=41.75-44.25

=-25
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4 o e s s Yua 4
Ha4aINANNA NN UE NI Faan19ar AN ldiwduns IiNaANNgLaIn

Tun19A1U AL A NN A I A NA NN UT 1919 T U NS AN LA A UAN N T ALAZ A1 11

nauasiaEasieg luglrasannsnuningaes  tnanivunliinailne 9 wal a9

2

2 2 o 2
Tun X, X, X, XX, XX, XX X X ueg X,

G X, wmSinodnenaniudalnliue
X, WiFnnsuaniu uas
X, uwnuilsinouunavglas
ﬁqﬁu@m’mmmmmzﬁ”uﬁuﬁ%wdwmﬂﬁmj fupnnamiauazinanlunisgnfaEudu

= Y o if
GRENRFIY Lﬂﬂullﬁ ANU

Vis = By + Bi Xy + B X, + Ba Xy + B X1 X, +ﬂ5X1X3+ﬂGX2X3+ﬁ7X12 +ﬂ8X22 +,59X§

T =By +BiXy+ B Xy # B Xg+ B, X Xy + B X Xy + B X, X5 +,37)(12 +,6'8X22 +ﬂ9X§

A - =
bNB Vis  UWNUANNIUA

T WnuRa MNEARRENAY LAY

B; WNUATR LT ANTIRINAUR |

P 32 XK

TunsAAIIN AR aaHas 9B BN "stepwise regression™ a4
LﬂumzmumﬂumafmmjmmI?TqLLﬂfrﬁlﬁmmﬁuﬁuﬁﬁﬂuﬁqLé’umﬂﬁ@m s
ulsdnlufiassaaunesislfaunisfl@edieldunniign  lunedensulsaziarsnnanne
regression sum of squares (SSR) InE@IABNIINARBLANNAFIU H, (B, =0) A28NI3

uanuagtan (F distribution) Winasilunisdadulanansautlsd

ANNNANITAATIZTANNDADAL T IA WAt N9dNeNUsenaufaafauLlsine

o - a ' o - a a Y
NALALVUBIANNNTANUUA (AN1F19N 4-11) WUL - Faklsnaiiksnnasndinn luannig
A o 9;/ U o 1 o & 1 di A % rdl 1 a '
Ae X, Aeduazld X, augiunwailie Waldanfulsnasinaassalll tazainnismezy

AHDANBENYATUANIAUN s nauMauls 2 3 uag 4 wall (AN519N 4-12 Temngan

Y o

4-14) AVN1IDTLUANNTHAAIAINANAUT LN N AN BN LASALAMNUTIA LA Tl
Vis = 4258.2 —5652.5X, + 2850X 2 —10645.8X , +6875X, X, ...(1)

InedNN13AaNaNIarl ANz ANTaUANWUS (correlation coefficient, R) WL 0.975 i
PH8ANNTN 95 Wafidus (100R%) raani1sudstiuluAraaspuniladlunaiiiadsnnainnig

HpudNRus iU wazainannisannsnagllddniuineniiaaglaaiinas



53

TudaRmananamaslugas 0.02-0.08 lafidusmiuasliinasanisilasuulasnauniia
Paanandinasenunila  wanaRnlmeuanTudatiunuaza Tulugos 0.2-1.2 uay

0.02-0.08 LlafidusmiuariuaniliAnuniatadnaanasanLNINanad

AN519N 4-11 LARAINNTAATITYANNNDAD AT AULE AN Ia9ANUTA (1 FLlT)

ﬂﬁmﬁ Ho e Fear™ Tosr18) (f05(1,18): 4.41)

Factor SSR, Variance (s°) Foa= SSR/s’
X, 6956406 153844 45.217

X, 490000 513089 0.955

X, 68906 536483 0.128

XX, 4293418 301788 14.227

XX, 3205039 362253 8.848

XXy 489672 513107 0.954

X’ 5776645 219386 26.331

X, 274893 525039 0.524

X, 8224 539854 0.015

* RINATANLIN N

A19197 4-12 UARINIIILATITTAINDANBENARNUTUAUIBIAINVLA (2 Fauls)

UFAD Ho 0 Fu> frapry  (Franin™ 3.59)

Factor SSRZ* SSR,-SSR, Variance (s°) Fcal=(SSR2-SSR1)/s2
X X, 7446406 490000 134070 3.655

X Xy 7025313 68907 158840 0.434

X, XX, 7065209 108803 156493 0.695

X X Xg 6960310 3904 162664 0.024

Xin XX, 7446078 489672 134089 3.652

X, X12 8580906 1624500 67335 24.126

X, )(22 723199 274893 146723 1.874

X, X, 6964630 8224 162410 0.051

* RMNATANLIN N
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a a '8 a 9 A o
AN 4-13 AANNITILATIEVAINNDAD DL NV ATULTLAUTDIAITNUUA (3 WJLL‘]J?)

ﬂﬁmﬁ Hy e Fea™ f.05(3,16) (f.05<3,16>: 3.24)

Factor SSR, SSR,-SSR, Variance (s°) | F_=(SSR,-SSR,)/s’
X, X5, X, | 9070906 490000 40918 11.975

X, X5 X, | 8649813 68907 67236 1.025

X,, X,5, XX, | 8689709 108803 64743 1.681

X, X,5, XX, | 8584810 3904 71299 0.055

X,, X,5, X,X; | 9070578 489672 40938 11.961

X, X2 X, | 9070906 49000 40918 11.975

X, X5 X | 8649813 68907 67236 1.025

* RMNATANLIN N

A519N 4-14 memﬁLmﬂzﬁmﬁmm@ﬂwn@mﬁﬂLﬁmmmqwﬁm (4 Aause)

ﬂﬁmﬁ Ho R Feai = Fos(4.15) (f.o5(4,15): 3.06)

Factor SSR,’ SSR,-SSR, | Variance (s’) | F_=(SSR,-SSR,)s’
X, X5 Xy Xy 9139813 68907 39052 1.764

X, X5 X, XX, | 9241063 170157 32302 5.268

X,, X, X XX, | 9074810 3904 43386 0.090

X, X, X, XX, | 9174307 103401 36752 2.813

X, X2 X, X, | 9070906 0 43646 0

X, X5 X, X | 9139813 68907 39052 1.764

* RINAIANLIN. N

ANNTULANNFILATIZAN AN HA NN U 72NN UTN IANFLHN AL AN T

NNTIAFNENAUAZLAASIUANSIN 4-15 D9ANTN 4-18  TIRNHAsINaIazlaaunIg

o

BAAIAINHANRNUS A9l
T, =16.52+305.72X , +284.37X, X , +1654.41X ,X 5 ~5.28X? ...(2)

ANaNN1IAINA1ans Iiud 1 Bunnunaiuuazsiaiglaanizsdnll

-

ugng 0.02-0.08 wWasidus  azinanilirzeazinanlunIsERAUaINANRLAD TN
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TwanuznniainmmauanTuda lwwmlugag 0.2-1.2 wafidusd azduaniliszazinanlunig

AR IANNANALAATAAAS

A5199 4-15 LAAINITATIZEANDADBL LTI LA EURIIA TR FAFHEU(T FalT)

‘]qul,@ﬁ Hy e Fea™ f.05(1,18) (f.05(1,18): 4.41)

Factor SSR{ Variance (s°) F_= SSR/s’
X, 196 305 0.643

X, 4970 40 125

X, 81 311 0.260

XX, 3345 130 25.718

XX, 213 304 0.699

X, X, 2990 150 19.962

X, 172 306 0.562

X, 4800 49 97.495

X, 69 312 0.222

* RMNATANLIN 1)

q' a 'S a % o QI % o
M990 4-16 AANNITILATIZNAINHAAD DL NV ATULTULAUTBINIATTARNITNAU (2 GI'JLL‘]J?)

UGMas Ho Wa F > fonry (Fosprn=3.59)

= i),

Factor SSR, SSR,-SSR, Variance (s°) | F_=(SSR,-SSR,)/s’
X, X, 5166 196 31 6.323

X, X, 5051 81 37 2.189

X, X, X, 5390 420 17 24.706

X,, XX, 5183 213 30 7.100

X, X,X; 5104 134 34 3.941

X,, X.° 5142 172 32 5.375

Xy X 4990 20 41 0.488

X, X 5040 70 38 1.842

* AMNNNANYIN T
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A5 4-17 LAANNITIATIEUAINDANDENYADATIAUIDINAWTAFEHEFU (3 faule)

ﬂﬁmﬁ Hy e Fea™ f.05(3,16) (f.05<3,16>: 3.24)

Factor SSR, SSR,-SSR, | Variance (s’) | F_=(SSR,-SSR,)/s’
X, XX, X, | 5439 49 15 3.267

Xp XX, X, | 5471 81 13 6.231

X, XXy, X, X, | 5399 9 18 0.500

X,, XXy, XX, | 5524 134 10 13.400

X, XX, X,© | 5454 64 15 4.267

X, XX, X,© | 5410 20 17 1.176

X, XX, Xy | 5460 70 14 5.000

* AMNNNANKIN T

al a o a 3 o/ QI L% o/
A1919N 4-18 LAMNNITIATIZUAMNAADBEI WU ADULTNLALABRIIATRAAILTH Y (4 WJLLﬂ?)

ﬂﬁmﬁ Ho R Feai = Fos(4.15) (f.o5(4,15): 3.06)

Factor SSR, SSR,-SSR, | Variance (s°) | F.=(SSR,-SSR,)/s”
X, XX, XXo, X, | 5573 49 75 6.533
X, X Xo, XX, X, | 5528 4 10.5 0.381
X, XXy, XXoy XXy | 5554 30 8.8 3.409
X, X Xo, XX, X,* | 5588 64 6.5 9.846
Xy XXy, XXo, X, | 6544 20 9.4 2.128
X, X Xo, XX, X, | 5533 9 10.2 0.882

* MNATANLIN T

d‘ a 1 % a Qr [ ' dl b2 a '8

Hafansu ANz ansauduius (R)© Aildainn1aimssiinanuannes
a Y =3 1 o o/ s dl -dl
Fdu (NARWan 1Y) aziiudnanunsnfnfaulsunefaeanainguniai (2) tlaafinau
Auiusszudnesaulssiunasdoulsmudsaagszdu 95 wlafidus  Auluannisn (2)

v
anunsnaulnadlesan

T, =16.52+305.72X, + 284.37X,X, ...(3)
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LLﬁfiﬂmﬂmiLLﬁ’mmiﬁ (1) uaz (3) avlinwuAinauviaFunureslaAs
antutalviunuazianiufivanzas WAANANNNIAINARTUIN LT NN aLTag Tad
lugnaiillunsineazbifnasensaanilauazinanlunssafaremadinesaiuui
LazangLi 4-26 agifiudnanamefaunlegrat 2 defimadalmieuaniudaliium 1.2
Wefidus waniiu 0.08 wWefidus uansiaimaglag 0.02 iweffumiuasinlsiinnslvash
Fian Tnedaanamitatlszanns 1325 wuinesd uasiisruznanlunisansaegludas 60-
70 W ﬁaﬁu‘l,umﬂm?ﬂuwmmLm‘fafmNﬁﬁwﬁ@mm@mmﬁﬁﬁim TR sNANLATE

-1

TrpeNanTuga e 1.2 wWasiduAlaziuaifNig 0.08 wasidus

ANNANIINAALANRYIBINAIANaTILNTIgRsEETaN AWl (919
N 4-19) WaulraunauAUnadmesaILHiagnasi 2 (AN5199 4-10) AzWindn Nglaiims
a ?:/ A '8 o ¥ a
wiamaglaatiuara N nan AN RATasNA AR FRN LN lsvinn 200 LuRwasd
nelsilnarascaznarlunisgnsdn weietn luBaumsuiuaniRaesdafmanandinas
(15199 4-9) aziiudnlunisldansmnusanax lusdanananamasina bl unaamas
o Ao o = P A N X o o v e
anuetianinisuadig - waziszasinanlunnsmafaia10unulwinaznin lnanamasian
flexural strength  A%MLdN WAZ bulk density FNAY  AINNIINARBIUINANALADTAILHIL
va

A 1
grasenaaN masLBLEungsilasleniu (5UR 4-27) nudmanawmesiinislnasiaon 1o

~ o ~ — a o a X 9
LT UANNLAND (Nﬁ')’]&lﬁu’]ﬂixmﬁm 1 N@@LNVI?) meﬁ’mﬁimﬂﬂUQ@ﬂﬂﬂﬂixLﬂﬂﬂimm

AN519N 4-19 LaAANTRYIaInatdLnasanUNTaTanTmRaNan ludaTWiun 1.2 wWafidus

< &

wazNANNY 0.08 Wafidusd  (Bnsdautsenatamasiviail 0.6 guu)ilunimeaasy

AT UM NDIUNMAA 30 LAY 28 DIANTATLARNANAY A1 pH 2891YINTL 6.76)

ANIIR

pH’ 5.91+0.04
AN A (LTURNaLR) 1417£110
Al NSRRI NAY (W) 64.9+2.6
LA lUMSERGAgAYNE (W) 19145.1
flexural strength (N/mm’) 1.37£0.216
ALY (N/mm?) 5.11£1.20
bulk density (g/cm’) 1.086+0.054

k2 T T T
* PANNINAADY 3 AT NILAUANNITRL 95%

“* INIINARDI 6 ASI NILFLANITRNL 95%
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o

519 4-27 uansANEIzIBINANAMETRNLNITITIIAaeInatUUNITITac i

4.4 wanisAnwaNinaaswaulalasy

mﬂm?ﬁm:mNM@Nizﬂm@ﬂummuﬁﬂ%wl@LLﬁ”mmmmﬁmﬁﬂﬁﬁmﬂ
Bunoawlalesy (s 4-7) aviudndlafiunatluniseulunundn 5 Falua
Bunuewlalasiayfisdudnfeadntes  failunsinsanuasdneusianzans
uevlalnsdanmeiiulngaa semidry acid-anhydrite avdenuavlalasidaamsiy
mnmmu@ﬂsﬁm\lqLﬁzﬁmz@uﬂa‘msﬁmﬁnﬁ@mmﬁ 100 B3Aadaa 1uiaan 5 Falue anld

TungAnEFaumauiuteulalnsiainassuan

anuantmagevantRreweulalniduaszfidreuneuiusenlalamd
A3 (AT 4-9) dlerhantTRuesueulalnnisaasuuReuiieusulagl93anng
maaiAuds nuduelglaninesesiuiliinantasi iy Binuansissveiignmnd
105 aernaidaa uaziBunnianTazanatlluansi (7| <[th LLﬁi@zﬁﬁqmﬁ‘@msﬁ”uﬁﬁ

A pH waztFunadlalamsauansneii (T > )
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anMsinmsiaeeynLadt (aser light scattering) Tesuatlalasy
aassrianuinuenlalnmidunnsiuazuenlalnsiassum AR neunARaLmnL
4.83 uaz 3.10 Iulaswms muddiu nsfiuelalasidunmsifaweeunamasinnnd
LL@uiaima‘ﬁﬁﬁm*ﬁﬁuﬁuﬁ‘iﬂgmdﬁLﬂum@@’mm@‘ﬁlmﬁﬂmmLLﬂulaimiﬁﬁﬁumﬁ:uﬂﬁLﬁm
agglomeration (gt 4-21) Fafludnunizianzetnavibmesuenlalasiduamziiuan
N2LLAUNNT semidry acid-anhydrite WazaNANENEdendasqanssAiBiannsen (g1 4-

28) wudraynrzesueulalnsiduasziianwusiluuwiuanduutiy ausneynAzes

1
o 5

waulalasvisssnanfnanwaziuien degmpiamilieulalasidansmziinuntalu

v 1
nsgadutsiunnduenlalaaiassuans  wazilasannueulalasidamziidiesiunsg

v
6 o/

= =R o 6 val \ A o o
AILANANLTIUNTA-AWAI INAY pH agitlszdnm 6-7  Wathuaulalasvivisasaundn
ANTT (A1 L or lightness) ANLNEUTIUBY CIE (Commission Internationale d’Eclairage)
nudnaulalesidangasd (L=92.64 %) azialirnai1qauinndnanlalansiassuans

(L=91.45 %) WanLiag

1%

[ 1 v
AN519N 4-20 LasaaniiRvadeulalasvindanmgmuFaumausuleulalasviassuagns

waulalasyi | x s T df | toomsar
ANNTINANNE A9bA5IEY | 2.950 | 0.0051
. — 068 | 3.95 | +2.80
(g/cm”) 555N 2.947 | 0.0057
USunuansiszined AwAsIz | 009 | 0.035
. e A — 127 | 387 | +2.83
105 °‘C(tUasiaue) £5TNTNR 0.13 | 0.042
ANNsARTULN Y AATIEW | 29.1 1.02
. . = 3.82 384 | +2.84
(cm’/100g anhydrite) 655NTG 26.2 0.83

USuuansnazassin | #AsIEd | 9.16 0.32
2.02 3.63 +2.93

(vilasidus) §95NL 5 8.70 0.23

) /AW | 6.75 0.14
pH — 355 | 322 | +3.09
89TNIER 7.32 0.24

4

sunaulalansm AILATIZN 5.06 0.19

S _ 716 | 3.96 | +2.80
(Uasidum) 899 NTH 6.23 0.21

v T T T
* PININAADRY 3 AFI NILFLANNITANL 95%
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STRELC =ikl 150 S g, 2EE

519 4-28 nawtne SEM aesuanlalai (n) weulalasidansicid (@) waulalasisssnans

1 v v
WasanisuaulalasidanmziuaziaulalnsvisssuaiRainsnazaieiin

v
o o

18 (15190 4-20) sasinasldmnngiaztinwenlalnsiun g dusams luauunedssnm

\i1 adhesives dispersion paints &g coating colors dufie  wsainnnsAnmwudn
weulalasydamsesnainnszuaunis semidry acid-anhydrite @1s1303nNn 6Tusa
aal

Wrlunsuannanainlsnataais a1 w  Walfiaraalss (WAT)  InAeAAL (Wa)

MATWINAY (AN)  wazinantauda s (Anea) Wus aniananafmnnuanldannnigld
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sodntiaueulalasidelantimsiae) WeuwihAunaiaaniuanldainnisldsainngiin

= o v 7,8
LARLTENANTLRLUMNAIEL

AnnsAnEERsINIsnaLiTenT lamsduresueulalasidunsviiiFey
Feuiuueulalasiassumitsliuadouandlumeed 421 uazgilfl 420 wodnlugag
sztzainnsAneieay 49 fu vaueulglaniduansiiacueulalaaiasmmiag
ansninlfiseelameduldiedsznnns 72 wefidusd  uazainnaaziiudnlugog
49 FuusnresnmedaufiieFlandudy SaemaiaieTlandureselalant
sesnTAazgendueulalasidanssd  uAanansuraeensaziiudn lugwandsann 49

Fultuda dnsnisnadfiseslamsturesuanlalnsidanmzifiuunuinazgendn

AN5199 4-21 uaneNanIAnEIBRIINsnaU s lamsiuracueulalagi

%combined water. %lalainsm
Tud waulalnan uaulalagn waulalasn waulalnsn
69905 AATIEN §99NTN5 SRt
1 1.7420.093 0.37+0.015 9.11 1.94
3 3.09+0.115 0.48+0.012 16.18 2.51
7 5.85+0.107 0.61£0.012 30.64 3.19
11 7.77+0.230 0.86+0.029 40.69 4.50
14 8.82+0.926 1.12%0.055 46.19 5.87
21 10.45+0.190 1.99+0.087 54.73 10.42
28 11.46+0.831 3.77+0.131 60.02 19.74
35 12.30+0.077 8.89+0.462 64.41 46.56
42 13.17+0.709 11.21+0.636 68.97 58.71
49 13.66+0.211 13.91+0.519 71.54 72.85

s FANINAAGY 3 ASE TisLALANLIT R 95%
o ﬁﬂuqm'a’mﬁ’]lfaajmm %combined water
vanawn  weulalnfarssntiuasuenlalngyidsnsesiiean residual combined water 10
fiu 1.30 (lalawsm 6.23 wefidus) waz 1.06 (lalawmsn 5.06 Wefidus) Wefiduimnu

ANGU (AN91971 4-20)
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waldmiomet | L. /{/
kg
10 A
-
5 l—’ /
o ”
= 8 1
2 A
< / /lmﬂa"lvﬁfﬁlfmﬂ
£ B Y
3 7
= n
4 ;;
Fd /
244 =
/"'/
‘_,....,-.«-"'"-’/

5% 4-29  naluansAnadiiudszrdnsnan lunsinlinsatlansdureueulalagi

o

1A %combined water

=2 dl v o a aaa = o dl ¥ J Y1
AINIERUNIANETEALERIINI R ARl Tlawmedu Nldnanaldan
nafeUiseslamsdiurastildunaamaitiuainisnesune lfifae Avrami equation” @9
= o dg’
Nann1IAsi

cle,=1-exp[~(k)'] ... (4)

A A rdl a aaa a o dll
We ¢ Ao Wunnwenlalasiinadjisedslamsfuiianan ¢
c, Aa Bunnuaulalasviizusii
k fAg reactivity
=
t Ag 0l

WAY N A ANNUENINARMILEIRINITNATIARLA (nucleus formation)

ANNENNTTTRS Avrami ANNNTOMIAN Kk LAZAY N IRAINNNTANNTIEWATS
MunIzana NN Ty unaNAMNENR LS eds Jogl-In(1-c/cy)] Way logt | IALIAINAN
naaNdNAusAnanvesueulalasvisssnas  (gUN 4-30) uazueulalnsvidaunsnzd
(gU7 4-31) uanslidiudanafindjises lamsiureuenlalnsiviaaasatintiuunns 1eiu
nafaUfiseslamsiuresueulalasisssnafasianwoidu homogeneous reaction
! aaa Ql o & o o A o . A
muﬂgmmﬂmmmmmLL@u”LaimwmLm"]zmxmﬂwmuﬂu heterogeneous reaction Af

o a

dsznaudnalfisentesdesdunen  dnsniniadfisenvesweulalasiisassniin

be

annnsnidauliaslugtlannis Avrami 16ai
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waulalnsviassuans c/c,=1-exp [-(0.02850)"" ] ...(5)
waulalasidunssd  ch,=1-exp [-(2.13x10°)°°]  ...(6)
c/c,=1-exp [-(0.02108)°7 ] (@)
0.2
_+*
0 //9
0.2 .
= *
(w)
g -04
% -0.6 log[-In(1-c/c ,)] = 0.6726logt - 1.0396 |
s}
-0.8 7 R’ = 0.9937 1
-1
12
0 0.5 1 15 2
logt

519 4-30 NIMuAAIANNANRUTIZU log[-In(1-c/c,)] U logt vasueulalnsyiassuan

0.4 ‘
0 logl-In(1-c/c ,)] = 2.3184logt - 3.8889 m
-
2 m
—_ R =0.9648
S -0.4
R
2 g | logrin(1:cle)] = 0.2591l0gt - 1.7284 m
c .
Ny R |
3 R’ = 09973
= 1.2 1 .
\ 'y
-1.6 &
<
-2
0 0.5 1 1.5 2

logt

5191 4-31 N9 MuanIANNANTUSIEUIN log[-In(1-c/c,)] iUl logt 1euaulalasyidansnz
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~ . @ = . o o A . ! ~

Wagannen k iluaAfiueni reactivity 184879 AasiuiaTauiauan k A
IFanaunsi (5) way (6) avwindnuenlalnsydanszfiunniuiisn reactivity (k =
2.13x10”) Andnueulalnsiassngi@ (k = 0.0285) Inaua leiazdanARedAULANITANSEA
gnaniaialiseslawmetu (gUN 4-29) Twwudnuenlalasinduaszifauainnszuau
N3 semidry acid-anhydrite @1x1snna]iseqslamsduldtindiuenlalnsisssnmmly
799 10 JUKIN  BATANNANNITN (5) WA (7) A1 k 1eneulalnsiassnaduasieulalngd
Fuarzvinanlnamseiy  wiAn n aeakenlalasidanssdazuinndiuenlalansiassuans
o U o % Qi U o a aana a o 6o '8 1
vnlindsaindun 10 Tludednsniannlfisedslawmsiuresweulalasidanszvignan
[ a aaa = o ' a [~1 dl ] 1 [ %
dmsnafialfisenslansduaesuenlalasiassnann  uaziluanwsinlilugaamadann
Jun 49 lduawenlalasidaeszdiiuunldunazinanissiamstuleninninuenlalagst

F9NT B
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ATUNANITNARDILASTRLAUDLUE

(%
a o A

v o = o A a o/ [ dl
NuddaRlavinnsAnmu i lunisiulgsamnifaesildunguiame
Tausmidddunguiannlfiduinghuneuny  wazenailudnghuniaaenlusidmiu
gramnaINEldn vivegnaunssiauluenien tnaanuanisAnanisoaglidude 14

o

X
U

1. NMSLATANIRY AL

1.1 fldunguiaiainnaiiunszuaunisde  lidnaziilunisdnslaeld
lalaslalaauin  N9delnenNITEALNIALATANAZNENAR  NITLIUNIIAINGIIAINIID
doglfutlgeantmsne aesdtliunquiansanifniuaiiuazantinienianinilndipes

Autilduassnam s

o/ i

1.2 Tlunrdanedddunaunalasldlalnslalnauaznililsaddundunn

U

wnte 92 wlefidud witiliuildasiinnnuidans (Wesidusuaadoudamnlalamnss)
- ce o 44 4 e . 2 4 Y -
Wew 91 wefidud  aAndwnneinnmusrestlduduannand 1 ieliitiesannd
= -3 3 c @ 6 dl v b2
wAAsNANFURMAY U NNNNANDY 8 Wesidus  amsiinisdnalasnistysaansaLasan
?:/ EZ va o [ = & @ & a o dl v a < =) 1
prnautiuuidnaclfddundunanes 80 wafidus wstildunlsiaiuisgnaninienad

95 Llafidus

Y A

1 14
1.3 avddszneunvinliifinduinaaunsludddungquialsznauson

¥ 2

i . . LS QNS s 4
aynAnANIazaneauInAaudandne  uiseenlsiily 8 499 Ae dwndauineyniALRAe
@nnan 1 lulasums  dosidawna1-100 Tulmaswns  wazdasiaunalugindn 100
Tulasins A 1dn aelunisdwlagdannananluiade 1.1 wudiamsouanaynia
| A @ ' o A @ o ) o
dauniauimanndt 10 lulaswmseanldineunun aynianwimdunsanasauinsee] i
(Uszannd 10- 80 Wimsiums) Ae wWinaes (fy ash) e luaneuzsALsa (glassy phase) §
ANnATNIzdaandidddn  dsludaulunjarunsnusneanlalaglflalnslilaauuas
[~ b4 Q‘I a o dl 1 b vy
nsanazna lunaldeyniaedsresdldunuiiunisdaudadsuinilszunn 50

Tulasiums
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2. msdaAsznsannanatdinasuazwaulalasiinanszuiunis semidry acid-

anhydrite

2.1 NasWANAALADS

211 annsdseynaldnazuaunis semidry acid-anhydrite 9119

anusndunscidafilanatainailalaaldguunglunismnuaalalines 150 2961

o

a A Y e vy o ° . A o prp ) @)
bR LTEIA @ﬂVNENVLNm@Q@’]ﬁﬂﬂq?Wq agglomeratlon LW@Wq@qﬂ@wﬂqﬁWN ﬂﬁﬂ’ngﬂﬁ‘rml,ﬂu

wiesne  Tamlananamasndaunmzianlsdazilsenausos  wilaem 29 wafidus

1
o = A

uaulalnsviaas 60 wafidusd waulalasviaiu 10 waesidus daunwaaaziiulelainss

%

242 fanmananameinauaszildilisleiilnantinazinnann
wilnldilszanns 3600 uinesd  Minanlunnamda Bz 17 wifl uaznanlu
nsuasagainalszans 30 Wi uisnaassiviaeandafinanatameiaziinanamn
wduilszanns 1.14 nfudegnunAilausmag JaA0 flexural strength TAtUsennns 5 Hadusie

ANTINHABINAT LAZHANNLINTZHN 10 TFUARANIINRARINAT

=

2.1.3 luniamsaunaidmesenueiialiinnsivasim  (Hadunile
A1) warinanlunisamndaBusulszinnd 60-70 WtiuardaaldlmnananTuda g

paziualulusngaulnpeuaniudalnium 1.2 nfu  waziuanily 0.08 NN AadanRa

a

1 3
nadmes 100 NIN WinadmefaLNIa ladasiiAn flexural strength anaaLlszannd 70

wafidud warAuidsanadilszanns 50 wafiduAmaiauiudaRnanaginas 419

v
o vl

a dl A 1 0 £% I'» o dl al o 1
nafundamaeaginlinaamafanundsn AN maseu (buff)
2.2 waulalas

221 Tunisevgddunannsadain (nszuIuNIg semidry acid-

) rd' a é’ é’ o a dj U o
anhydrite) 1Fxnputeulalasinifnauazauiuaamgiuazsvezina lunosey . Sefessinng
pouAN TR eI zaNITHasaN reactivity 1esusulalnsiazanauilaguugivivananly

1 14
ANTALWNNTY  WBNAINNTTLIUNNT semidry acid-anhydrite azdaelfaunsndanszyd

¥ =

waulalasilingrungiines 100 asamadioauds  waulalanindunsvimulsuiany

3

UFgnanazaNagindreniuweulalnsvisssung
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2.2.2 nsduamziuenlalnsifaeds semidry acid-anhydrite

o

uanvasaulalasyiliiiasiawimndn (Uszunns 4.8 Tulasumg) Adnwousiaiduwialaz
| ' =KX o 4 o‘dlu/ v o 901 o ' s a
Wiy A liueulalasindaunmeilatAnisgadutinduninniueulalasisssuans
=2 o a aaa = o Yo ] [
wazaInnIsAndnsnaialiseelamsduainimagdlidn ludes 49 dupesnng
naaesdnsIninUnseTlamsturecuanlalnsyisssuafiazgendn  windeainium 49

Tudndnsniafiadjiseslamsiuresueulalasidamnmziiiuueltindnazgandn

ARLAUD LU

a o

- anmenKsi g nnsdsildunguialaeanisazsas

=3

nrenazng i lalaslalpaniudrenddafuardaldsuansneny  aea1ue1danuaInig

£

¥ %'/ Qddgl o & 1 ¥ 12 ' o o dl
ANNARIIERNNTINAWE [ linag ’Nﬂ’)ﬂ1ﬁi®?1"ﬁiﬁﬂ1&?’)llﬂ‘].lﬂ’]?@iﬁ@’]ﬂﬂ?ﬁsﬁ@‘llﬁﬂsm

|
o aa 2

pndnnazyn i lGRldunEA N EgnEge andNBNaudldunlindunnAaznausan

q

d‘ v v = dl o o
- uanann luEesresn1aaneiaen s AnE NIt uNI9LUFuLsenssuaunng
semidry acid-anhydrite fildu@nsadenilanuianla a7% 1y nsAnENeanlsNINTA

dayFnlnansldansianiey (additives)
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Building Plasters - DIN
; ' 7
Requirements, Testing, Control 1168
3 rt 2

Reproduction, even In parts, only with the explicll p

Henry G. Freeman,

efthaDIND

Baugipse; Anforderungen, Priifung, Uberwachung

This Standard has been recommended by, the Institut fiir Bautechnik (Institute of Constructional Engineering), Berlin,
to the highest building inspection authorities for adoption for purposes of building control,

Contents
1 Requirements
2 Testing.....

R i

1

i

2.1 Scope of testing and sequenceof tests . ....... 2
Sl MBSt CONBMRIONS spmee— . . . , o =
2.3 Test of particle fineness ..... 2
2.4 Determination of the water/plaster ratio 3
2.5 Test of start of setting ..., z 4
2.6 Test of tensile-bending strength, compressive
strength and hardness . . ...........,.

2.7 Testof adhesive tensile strength
3 Control (quality control)
3.1 General ..,
38 Empling T8, . .. R ol O )
3.3 Internal quality control . . .......
3.4 External supervision

1 Requirements

The tvpes of building plasters listed in DIN 1168 Part 1, May 1975 edition, must, when tested in accordance with
Section 2, meet the requirements of Table 1.

-Table 1. Requirements placed an ﬁnilding plasters when tested in accordance with Section 2

. Particle fineness Start of Bending Com-

Residue onwire sieve surface setting tensile- pressive
Type of building according ta DN 4188 Part 1 strength strength Hardniass

laster
P 315 1,25 02 ,
% - . Minutes MN/fm2 MN/m?

Plaster of paris 0 0 =12 8to251) =25 - =10
Wall plaster (o] - e =3 =25 = =10
Pre-mixed wall plaster 0 - - =25 =10 =25 -
Bonding wall plaster 0 = - =25 =10 =25 -

d | MachilE R ETN o 7~y 3 =95 =10 =25 - '
Fixing plaster 0 - - =25 =25 =60 -
Joint plaster v} 0 =1 =25 =15 =30 =
Levelling plaster * " 0 (o] Mss2 =15 =10 2-2,5 -

1) In the case of further processing in the factory, e. g., manufacture of gypsum structural slabs, the start of setting
may occur earlier.

Continued on pages 2 to 9
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2 Testing

2.1 Scope of-testing and sequence of tests

73

The tests to be conducted on the individual types of building plaster are listed in Table 2.

Table 2. Tests to be conducted

Test and test procedure
o . . Tensile- . Adhesive
Type of building Particle Water/ Start of Bonding: Compressive | | . o
laster fineness 1 ratio setti strength : ne
P % prasier ng strength " strength *)
in accordance with Section
Plaster of paris 2321upto 2.4.1 25.1 26.2 — 264 =
2323
Wall plaster 23.2.1 241 257) 26.2 - 264 =
Pre-mixed wall plaster | 2.3.2.1 242 259 262 263 - -
Bonding wall plaster 2321 242 252 262 263 = 27
Machine wall plaster. 2321 242 252 262 263 - T T e
Fixing plaster 2321 242 252 262 263 - 27
Joint plaster - 232 1upt0 242 252 262 263 - 27
2323 f
Levelling plaster 282 1upto 242 258 262 263 - 27
2323 '
*) Recommended test

Whéte reduired by Table 2, the properties of ihe various
types of building plaster are tested in the fotlowing se-
quence: :

a) particle fineness

b) water/plaster ratio

¢} start of setting

d) tensile-bending strength

e) compressive strength

fl hardness

g) adhesive tensile strength

2.2 Test conditions

_In all tests for which water is required, distilled or de-

' salinated water should be used. For tests conducted in
the course of internal quality control (see'Section 3.3),
mains water may be used provided that no differencas
are detectable. Where measurement of the quantity of
water is effected volumetrically, only calibrated vessels
should be used. Prior to testing, the plaster is t0-be stored
in airtight containers. i )

The temperature of the test room must be 18 to 25 °C.
The test apparatus and the water musi have been stored
at this.temperature for at least one aav pcior to testina.
Vuring the conduct of the tests, the plaster and the
samples must be at room temperature.

The receptacles employed for mixing the plaster 2re to
be thoroughly clezned after use because even traces of
hardened plaster accelerate setting of the fresh gypsum
paste.

2.3 Test of particle fineness

2.3.1 Apparatus

Test sieve with wire screen aperture 3.15
according to DIN 4188 Part 1

Test sieve with wire screen aperture 1.25
according to DIN 4188 Part 1

Test sieve with wire screen aperture 0.2
according to DIN 4188 Part 1

Screening machine (for sieving in accordance with

. Section 2.3.2.4)

Balance |

Dish

Brush

2.3.2 Procedure
Testing is normally done by hand-sieving.

2.3.2.1 Sieving on the test sieve with wire screen
aperture 3.15 accordingto DIN 4188 Part 1

500.g of the plaster-are placed on the test sieve and
sieved by hand until no further particles pass through
the test sieve. Soft lumps are to be squeezed between
the fingers and similarly sieved.

2.3.2.2 Sieving on the test sieve with wire screen
aperture 1.25 according to DIN 4188 Part 1

100 g of the unsieved plaster are placed on the test sieve
and sieved by hand until no further particles pass through

the test sieve. Soft lumps are 1o be squeezed between the
fingers and similarly sieved.



2.3.2.3 Sieving on the test sieve with wire screen
aperture 0.2 according to DIN 4188 Part 1

50 g of the unsieved plaster are placed on the test sieve.
The test sieve is held in one hand, slightly tilted, and
oscillated over a distance of about 20 cm while being
struck against the free hand about 120 times per minute.
After each 20 blows, the test sieve is rotated through 90°
and transferred to the other hand. Any blockages are to
be dealt with immediately by tapping the sieve frame or
by brushing the underside of the wire screen surface.
After sieving for 3 minutes, the gypsum dust adhering

to the inner surfaces of the sieve frame is detached with
a brush. Sieving is then continued for one more minute.
The underside of the wire screen surface is then brushed,
and the residue shaken into a dish.

The sieve test is repeated. If the residues of both tests
differ by more than 10 % of the smaller value, a third
sieve test is conducted.

2324 Sieving with the screening
machine

A-mechanical sieving method may be adopted provided
that it gives equivalent results. |n cases of doubt, hand
sieving is decisive.

2.3.3 Evaluation

The residues on the test sieves are weighied and expressed
as a percentage of the initial weight, the results of sieve
tests with the 3.15 and 1.25 test sieves representing indi-
vidual values and those of the 0.2 test sieve the mean of
two or three sieve tests. :

2.4 Determination of the water/plaster ratio

2.4.1 Determination with the aid of the sprinkled
quantity .- '

24.1.1 Application

The method is applicable only to building plasters not
containing additives incorporated in the factory, in ac-
cordance with DIN 1168 Part 1, May 1975 edition,

Section 2.1 ;

24.1.2 Apparatus

Glass beaker of 66 mm inside diameter and 66 mm high,
with levels marked at-16 mm and 32 mm above the in-
side bottom surface

Microchronometer

Balance *

2413 Determination of the
sprinkled quantity
2.4.1.3.1 Definition :

The sprinkled quantity is the amount in grams of build-
ing plaster which is moistened when sprinkled cn 100 ml
of wazter.

2.4,1.3.2 Procedure

100 ml of water are pouted into the glass beaker, with-
out wetting the upper surface of the wall, after which the
plaster is evenly sprinkied onto the water with the fingers
in such a way that, after '/, minute, the surface of the
gypsum paste has reached the first level mark, after

1 minute the second level mark and after 1 '/, minutes
(+ 10 seconds) is about 2 mm below the surface of the
water. During the ensuing half minute, sufficient plaster
is sprinkled on to the surface of the water to cause the
entire surface of the water, including that at the side of
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the beaker, to disappear; in so doing, any small islands
of plaster which may have resulted should be moistened
after 3 to 5 seconds.

The total sprinkling time should be 2 minutes

(*+ 5 seconds).

{n the case of types of plaster which sink slowly, it may
happen that the level marks are not reached within the
prescribed period. In this event, sprinkling should be
done so slowly that the plaster always falls only on to
an open area of water and not on to plaster. The sprin-
kling time is to be stated.

The mean sprinkled quantity E is calculated from 3 indi-
vidual values, differing by not more than 5 g.

2414 Evaluation

The water/plaster ratio w is calculated in accordance
with the following equation:
100

YSTE

where
w _watgrlp laster ratio
E _sprinkled quantity ing

2.4.2 Determination with the aid of the slump
2421 Application

The method is applicable only to building plasters con-
taining additives incorporated in the factory, in accord-
ance with DIN 1168 Part 1, May 1975 edition, Section
2.2

2422 Apparat-us

Mixer in accordance with DIN 1164 Part 7, June 1970
edition, Section 1.3.1, flow table with slump conz and
rammer in-accordance with DIN 1060, December 1567
edition, Section 9.10.10.

Measuring vessels

Spoon

Balance

Calipers

2423 Determination of the slump
2.4.2.3.1 Definition

The slump is the diameter in millimetres of a pat made
of a mixture of water and building plaster and formed
by vertical blows after removal from the mould and
jolting of the mixture.

2.4.2.3.2 Procedure

About 2 '/, dm? of plaster are weighed to within 5 g.
The quantity of water required for the slump, as ascer
tained by a preliminary test, is measured out to within
0.5 % by weight or volume and poured into the mixing
dish.

The plaster isthenadded and made into a lump-free
mixture by soaking and by stirring with the spoon, each
for 1 minute. The mixing paddle is then started and
mixing carried out with the mixer for 2 minutes at a
slow speed.

Immediately at the end of the mixing, the slump is de-
termined. For this purpose, the slump cone is placed in
the centre of the glass plate of the flow table and the
mixture of water and plaster is poured in in two [ayers.
Each layer is to be compacted by a few sharp blows
with the rammer or spoon. During filling, the slump
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cone is to be pressed with one hand on to the glass plate.
Any surplus paste is to be scraped off. After 10 to

15 seconds, the slump cone is to be withdrawn vertically
upwards and the mixture spread out on the glass plate,
using 15 vertical blows. Any portions of the mixture ad-
hering to the slump cone are discarded. Care is to be
taken that the vertical strokes are appliad at a constant
speed of 1 revolution per second.

The diameter of the pat is then to be measured to within
1 mm in two directions at right angles to one another.
The mean value in millimetres obtained from both values
is the slump, which should be (165 + 5) mm. If the
slump obtained is smaller or larger than this value, the
test is to be repeated, using a fresh mixture and a differ-
ent quantity of added water, until the slump reaches the
required figure.

2424 Evaluation

The water/plaster ratio is calculated as follows from the

quantities of building plaster and mixing water required
for the slump:

!

g G

where

w water/plaster ratio

A quantity of mixing water in g

G quantity of plaster ing

The result is to be stated to two places of decimals.

2.5 Test of start of setting -

2.5.1 Testing with a knife

2511 Application

The method is applicable only to building plasters not
containing additives incornorated.in the factory, in .

accordance with DIN 1168 Part 1, May 1975 edition,

Section 2.1.

2512 Definition

The start of setting of building plasters not containing
additives is indicated by the time in minutes after which
the edges of a cut made with a knife through-the gypsum
paste cease to flow together. The time is calculated from
the commencement of sprinkling of the building plaster.
2513 Apparatus

Dark glazed porcelain casserole with an upper diameter
of about 135 mm and about 75 mm zall.
~Spoon

3 flat, smooth gfass plates, about 400 mmlong and

200 mm wide .

pointed knife with a cutting blade about 100 mm long,
up to about 16 mm wide and a width at the baek of 1

to 1.5 mm:

Microchronemeter

2514 Production of the pats

100ml of water zre poured into the porcelain casserole
and a quantity of plaster equal to the sprinkled quantity
25 determined in accordance with Section 2.4.1.3 is
sprinkled onto it with the spcon over a period of 1 min-
ute. The gypsum paste is left to seak for /,.minute and
is then slowly stirred with the spoon for 1 minute. Any
lumps are to be broken uprbv pressing them against the
side of the receptacle with the back of the spoon. Tha
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gypsum paste is then poured on to the glass plate, ac-
companied by constant stirring, to form 3 pats about -
100 to 120 mm in diameter and about 5 mm thick.
2515 Making the knife cuts

The imminence of the start of setting is determined by
trial cuts in the first and third pats. The test cuts are
made in the second pat. The commencement of setting
has been reached when the edges of the cut, including
those on the outside of the pat, cease to fiow together.
The knife is to be cleaned and dried after each cut.

25.16 Evaluation

The start of setting is exnresead as the mean of at least
2 trials, to the nearest half minue.

2.5.2 Testing with the Vicat needle
25.2.1 Application

The method is applicable only to building plasters con-
taining additives incorporated in the factory, in accord-
ance with DIN 1168 Part 1, May 1975 edition, Sec-
tion 2.2.

2522 Definition

The start of setting of building plasters containing ad-
ditives is indicated by the time in minutes after which

a Vicat needle, in the course of a penetration test into

a plaster sample, comes to a standstill at a specified .- ...
height. The time is calculated from the commencement
of sprinkling of the building plaster.

1‘5.2.3 Apparatus

Vicat apparatus with needle and release mechanism in
accordance with Fig. 1.to Fig. 4

Glass plate, 2bout 150 mm long and 150 mm wide
Hard rubber ring, diameter ~ 65/75 mm, height 40 mm
Steel rule or knife with.a straight ede
Microchréonometer

2524 Preparation of the sample
and testing procedure
To determine the start of setting, the mixture prepared
in-accordance with Section 2.4.2.3.2, with the correct
slump, is used. A start is made with the preparation of
the necessary three samples immediately after the slump
has been determined. For this purpose, the mixture is
placed, accompanied by gentle poking, into the hard
rubber ring which rests on the glass plate with its larger
diameter underneath. It is then smeothed off, without
any pressure being exerted, with the straight, vertically-
neld edge of a Knife or steel rule, operated with a sawing
motion. The glass plate bearing the filled hard rubber
ring is then placed on the base of the stand of the Vicat o
apparatus. By rotating the spring plate of the release
mechanism (see Fig. 2); the needle inserted in the guide
bar {see Fig. 4) of the Viicat apparatus is carefully placed
on the surface of the gypsum paste. For purposes of
measurement, the guide bar is suddenly freed by means
of the release mechanism. The distance of the individual
needle marks fram one another and fram the adge of the
hard rubber rina mav not ne 1ess than 12 mm. The im-
minence OT the start o7 setuing 1s determinea by trial
indentations in the first of the plaster samples to be pre-
pared. The actual deterimination of the start of setting is
effecied on the 2nd and 3rd samples. The needla is to be
cleaned and dried after each penetration.



‘2625 Evaluation _

The start of setting is reached/when the needle comes to
a standstill in the samolel (18 £ 2] mm above the glass
plate. 1 he titme up to the start of setting is measured
from the commencement of filling of the plaster into

the mixina trough and is exoressed as the mean of 2 tests,

to the nearest whole minute 1).

2.6 Test of tensile-bending strength,
compressive strength and hardness

2.6.1 Preparation and storage of samples

26.1.1 Apparatus

Moulds with dimensions in accordance with DIN 1164
Part 7, June 1970 edition, Section 2.2 2).

Mixing vessel of about 1.5 dm3 capacity, glazed,
enamelled or similar

Spoon

Steel rule or knife with a straight edge

Hot cabinet

2.6.1.2 Preparation of samples

In all, 3 samples measuring 40 mm x 40 mm x 160 mm,
are prepared for the tests.

2.6.1.2.1 Preparation of the gypsum paste

2.6.1.2.1.1 Buildung plasters without additives

About 1 dm? of plaster is weighed to within 1. Abid-

ing by the water/plaster ratio as determined in-accord-

ance with Section 2.4.1, the amount of water required

is ascertained by means of the following fqrmula:
W=w-G

where: ’

W quantity of water in g

w water/plaster ratio

G quantity of plastering

The required quantity of water is weighed to within

0.5% or is measured volumetrically and is placed in the

mixing vessel, after which the quantity of plaster G is

evenly sprinkled onto it with a spoon over a period of

1 minute.

The gypsum paste is allowed to scak for 5 minute and

is then slowly stirred with the spoon for 1 minute, any

lumps being squeezed against the side of the vessel.

2.6.1.2.1.2 Building plasters containing additives
The samples are to be prepared from the appropriate
quantity of the mixture made up in'accordance with
Section 2.4.2.3,2 with the correct slump.

2.6.1.2.2 Filling of moulds, marking and removal

frem moulds
Immediately after being prepared, the gypsum paste is
filled, accompanied by poking, into'the mould, which
has‘previously beenslightly.oiled or areased. In so doing,
the receptacle is moved to and fro at right angles to.the
prismatic axes of the mould. To eliminate any air bub-
bles, the mould is therrraised about 1 cm by its end
5 times, and then replaced. The moulds must be filled
not later than 10 minutes after a start was made with
the addition of the plaster to the mixing water 3), and
scraping continued until setting is completa. When the
commencement of setting is observed in the overflowing
saste, the surplus paste is scraped off with a sawing
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motion of the knife or steel rule. The surface may not
be smoothed, When an adequate degree of solidity has
been reached, as checked by pressure with the fingers,

the samples are marked on the top and removed from
the moulds.

26.13 Storane of samoles

The samoles are stored in standard atmosphere 20/65(2),

DIN 50 0142} until they are 7 davs old. They are then
placed in a hot cabinet at (40 £ 2} “C, where they remain
unttl constant weight s reached (gaily toss of weignt not
more man U.1 g). After drying, the samples must be

cooled to room temperature without the possihiliny. af

atmospneric motsture being taken up.
2.6.2 Test of tensile-bending strength

The tensile-bending strength is determined in MN/m2.
2,621 Apparatus
Tensile-bending test apparatus in accordance with

DIN 1164 Part 7, June 1970 edition, Section 3.1.

2622 Conduct of the tensile-
bending test -

After cooling, the samples are placed in the tensile-bend-

ing test apparatus in such a way that, in each case, one of

the'surfaces which rested against the sides of the mauld

during preparation lies on the supports. The load is then

applied 5).
26.23 Evaluation

The tensile-bending strength is taken as the mean value

of the 3 tests, expressea in MN/m“ and rounded 6IF 10
one place of decimals. If one value is below the valuss
specified in Table 1, the test is to be repeated,

2.6.3 Test of gompressive strength

The compressive strength is determined in MN/m2,

26.3.1 Apparatus

Compressive test machine in accordance with DIN 51 223,

As regards the indication of the test force, the compressive

1) Evaluation is facilitated by graphical representation
(distanica of the tip of the needle above the glass plate,
relative to the time). When testing is effected with the
Vicat needle, final setting is reached when the neediz
feaves no visible indentation at various points on the
sample.

2) For purposes of iaternal quality control, moulds with

plastic sides may be used; in this case, length (160 =

0.8) mm, width (40 £ 0.2 mm), height (40 + 0.2) mm.

In the case of building plasters in accordance with

DIN 1168 Part 1, May 1975 edition, Section 2.1 .

after commencement of sprinkling of the plaster.

In the case of building plasters in accordance with

DIN 1168 Part 1, May 1975 edition, Section 2.2,

after commencement of filling the plaster into the

mixing trough.

3

For'internal quality control, a room temperature of

18 10 25 °C, at an atmospheric humidity of 40 to

80 %, is permissible.

DiN 1164 Part 7, June 1970 edition, Section 3.1 o-
3.2, applies as appropriate to detaiis of the test. For
this purpose, that range of force in the bending tancile
apparatus is to be selected which is appropriatz 1o the
expected bending tensile strength.

5

-
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test machine must conform to Class 2 of DIN 51 221
Part 1 (at present still in draft form). It must-be re-
checked at least every two years by an official body.
Device for determining the compressive strength in ac-
cordance with DIN 1164 Part 7, June 1970 edition,
Section 3.2 _

2632 Proced ure

The broken halves of the samples on which the tensile-
bending strength_was determined serve as samples; they
are placeq in the device for determining the compressive

" strength with their sides on top or underneath; for this"

purpose, the area of pressure ist 40 mm x 62.5 mm =
2500 mmZ2. The load_is.then annlied; it is to be increased
by 1 kN per secand S),

2633 Result
The mean value of the 6 test values is calculated and ex-
pressed in MN/m?2, rounded off to one place of decimals.

If one value is below the values specified in Table 1, the
test is to be repeated.

2.6.4 Test of hardness

The hardness is determined from the depth of penetra-
tion of a ball with a specified load and is stated in
~MN/m?2.

26.4.1 Test apparatus

Hardness testing apparatus with a device for measuring
the penetration depth (operating principle similar to
Rockwell) .
Preliminary test force:
Test force:

Penetration element:

Fg = 0.00001 MN

Fy; =0.0002 MN

steel ball of diameter

) ) d=0.01m
2642 Procedure
3.ofthe broken halves of various samples obtained in the
course of the tensile-bending test in accordance with
Section 2.6.2.2 are used as samples. ;
In turn, each sample is placed in the hardness testing ap-
paratus with one side face underneath in such a way that
the steel ball each time strikes the quarter points of the
longitudinal axis; the ball is loaded first with the pre-
liminary test force Fg and then, within 2 seconds, with
the test force ;. The period ot load application is
15 seconds. The lasting penetration depth of the identa-
tion produced by the test force is determined 15 seconds
after release of the test farce Fy with a metrological un-
certainty of £ 0.001 cm. 3 impressions are measured on

- each of the two sides of the sample.

2.6.43 Evaluation ;
The hardness is expressed as the quotientof the test
force F; and the area of cup of the tall indentation and
is calculated according to the following equation:
Fi 0.0002 0.00837.  MN
5| = in

% -idh-h w001k h m?2

where

MN
H hardness in _

5

F; test force in MN
diameter of the steel ball in mr

h  mean value of the lasting penetration depth of the

18 indentations observed on the 3 broken halves,
inm
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The values for indentations where air voids were clearly
present are disregarded.

2.7 Test of adhesive tensile strength

It is recommended that the procedure for testing the
adhesive tensile strength be adopted for use in order that,
with the passage of time, experience can be gained which,
at a later date, will permit the introduction of the test of
adhesive tensile strength as a standardized test method.

2.7.1 Definition

The adhesive tensile strength is defined as the stress in
MN/m?2 required to tear off, vertically under tensile load-
ing, a sample which has been applied to a specified base
and has been dried out after hardening.

2.7.2 Apparatus

Assembled frame with inside dimensio.. of about 500 mm
length, 200 mm width and 8 mm height

Sharp-edged frustum-shaped rings (of unplasticized PVC,
for example) (see Fig. 5)

Steel rule with blunt teeth on one side

" Rapid-hardening plastic.adhesive (e. g., separate applica-

tion adhesive)
Stripping device
Hot cabinet.

Dimensions in mm

®56——
—504—|
i % i i
: j =
: : i
1

~——050,5—
N
Figure 5. Sharp-edged frustum-shaped ring

2.7.3 Base plates and their storage

The following are used as base plates:

Asbestos cement sheets, unground, 20 mm thick,
gypsum wallboard B in accordance with Diid 1§ 180,
12.5 mm thick

gypsum partition panelling GW in accordance with
DIN 18 163 Part 1 (subsequent edition, at presant still
in draft form), surface hardness at least 8 MN/m?2,

for testing bonding wall plaster . . . asbestos cement

sheets (smooth side)

fixing plaster. . . ... ... gypsum wallboard
(back)

joint'plaster . ........ gypsum partition
parelling

levelling plaster....... gypsum partizion
panelling

Prior to use, the asbestas cement sheets are to be stored
separately (not stacked) for at least 7 days, and the
gypsum wallboard and gypsum partition panelling for

3 days in standard atmosphere 20/65 (2) DIN 50 034 4},

_ All dust is to be carefully removed immediately befcre

the gypsum pasie is applied.

%) and 3) se2 page 5.



2.7.4 Preparation and storage of samples

10 circular samples are to be prepared as follows from
the mixture made up in accordance with Section 2.4.2.3.2
with the correct slump:

The gypsum paste is applied over the whole area of the

= 500 mm x-200 mm surface of the base plates as Jimited
by the frame. It is then scraped once towards each side
with a steel rule held at an angle of 45°. Before the
plaster starts to set, the slightly oiled frustum-shaped
rings are placed at an adequate and approximately equal
distance apart on the surface of the plaster and are
pressed in vertically as far as the base plate.

When the plaster has completely hardened, the rings may
be carefully removed, but they may also be left in the
hardening mass. Until the adhesion test with the stripping
device is carried out, the samples are to be stored on the
base plates for 7 days in standard atmosphere 20/65 {2),
DIN 50 014 4) and thereafter for at least 4 days in a hot
cabinet at {40 £ 2) °C. If required. the surface of the
samples is smoothed flat with sandpaper or a similar
material. Thereafter, the stripping sheets of the stripping
device are stuck on to the slices of the samples using a
plastic adhesive. Any adhesive oozing out of the glued
surface is to be removed before setting occurs; care is to
be taken that there is no adhesive joint between the round
slices of the samples and the remaining surface of the
plaster.

2.7.5 Procedure

The samples are pulled off the base plate by means of the
stripping device. The tensile load is increased at a rate of
a2bout 0.1 MN/m?2 par second until detachmont takes place.
The point of detachment (base plate, adhesive surface, y
sampie) is to be stated in the test report.

3 Control (quality control}
3.1 General

Conformity to the properties of the buiiding plaster as
stipulated in Section 1.is to be checked by internal
quality control and external supervision. The tests re-
quired for thic purpcse are 2o Be conducted.in accoig-
ance with Section 2. Each individual test is deemed 0
have been passed if the values obtained neither exceed
nor fall below those specified in Table 1.

32 ‘Sampling

The sample must be taken from stocks released for
further processing. At least 3 specimens of about the
same size are always to be taken and combined to form
amixed sample.

When sampling from sacks, the specimens are to be
taken from at least 3 different sacks from varidus
sections of the store. «

Specimens from silos are to.be drawn with a test probe
from various points atdifferent heights. For a compre-
hensive test, 10 dm? of each type of building plaster are
required. Should-a conisiderably larger Guantity have
been tzken, it is to be reduced in size by quartering to
about 10 dm3. For this purpose, the whole of the
samole, having been well mixed, is spread out on a clean
sheet of strong paper in a dry room and divided inio

4 parts by two central cuts intersecting at right angles.
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Two parts lying opposite one another are then mixed
together and, if necessary, again quartered.

The samples are to be immediately packed in airtight
containers and stored in a dry room. Where necessary,
plasters containing additives incorporated in the factory
are to be homogenized before being tested.

Where sampling is for external supervision, the sampler
is to prepare a record of sampling which, in the case of
sampling in the factory, is to be countersigned by an
employee of the works.

The record must contain the following information:

a) date and place of sampling and point from which the
sample was taken

- b) sampler

¢} manufacturer

d} estimated size of the stock from which the sample
originated

e) designation of the building plaster {type and, where
appropriate, brand name)

fl designation of the sample.

The record is to_be attached to the sample.

3.3 Internal quafity control

As long as a type of building plaster remains in produc-
tion and provided that Table 1 stipulates requirements
applicable thereto, a check is to be conducted by the
manufacturer at least once a day, as part of the internal
quality control, of:

particle fineness

water/plaster ratio

start of setting
and at least once a month of:

-1ensile-bending.strength.

compressive strength

hardness,

The results of the internal quality control are to be re-
corded and, as far as possible, statistically evaluated. The
records are to be preserved for at least 5 years and sub-
mitted on démand to the controlling body lexternal
supervision).

3.4 External supervision
3.4.1 Scope

External supervision is to be exercised by an officially
recognized quality control association or on the basis of
@ control contract by a laboratory 6} approved for this
purpose. The external supervisory body is to check the
internal-quality coatrol by inspection of the results of
tests conducted in the course of the internal quality
control.

4) See page 5.

6) Lists of supervisory/quality control associations and
laboratories, together with“a reproduction of the con-
trol mark (quality mark), as approved by the Suilding
inspection authorities, are maintained by the Institut
fiir Bautechnik — IfBt — (Institute of Constructicnal
Engineering) and are published in its Bulletins (obrain-
able from Verlag Wilhelm Ernsr & Sohn, Hohenzollern-
damm 170, 1000 Berlin 31).
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In addition, the following are to be checked by the ex-
ternal supervisory body at least once every 6 months for
each type of building plaster:

particle fineness

water/plaster ratio

start of setting

tensile-bending strength

compressive strength or hardness.

3.4.2 Test report

The test report, containing a reference to this Standard,
" must provide the following information:

a} designation of the building plaster, manufacturing
plant

b} confirmation of the completeness of the sampling

record, together with the date of sampling and the
designation of the sample taken
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c) laboratory and date of test
d) the results of the tests conducted

e} statement on the conformity of the samples to the
Standard.

GUTESCHUTZ

Quality mark of the Giteschutz-Gemeinschaft fir Gips
und Gipsbauelemente e. V. (Quality Control Association
for Plaster and Gypsum Building Components Inc.)

Dimensions in mm

|‘1;L_#-—Gufde bar

.

Release mechanism

Detail X

)_—] Glass plate

Figure 1. Vicat apparatus with needle and release mechanism
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Spring plate

Figure 2. Release mechanism for the Vicat apparatus
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Standard:
Austria, Belgam, Dermark, Finland, France, Germany, Greege, Iceland, Ireland, Italy, Luxembourg, Netherlands, Norway,

Portugal, Spam, Swedtn, Switzerland and United Kingdom.
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0 Introduction

3

This document is a part of ISQ 787, General methods of test for
pigments and extenders.

1 Scope and field of application

This part of ISO 787 specifies a general method of test for
getermining the percentage by mass of matter volatile at a
‘temperature of 105 °C in a sample of pigment or extender.

This method is applicable to pigments and extenders that are
stable at 105 °C (but see also the note to 5.2).

NOTE — When this general method is applicable to a given pigment or
extender, only a cross-reference to it should be included in the Interna-
tional Standard relating to that pigment or extender, with a note of any
detailed modification which may be needed in view of the special pro-
perties of the material in question. Only when this general method is
not applicable to a particular material should a special method for
determination of volatile matter be specified.

2 Reference

IS0 842, Raw materials for paints and varnishes — Sampling.

3 Apparatus

3.1 Weighing bottle, squat form, wide-mouthed, with
ground glass stopper.

- 3.2 Oven, capable of being maintained at 105 + 2 °C.
3.3 Balance, accurate.to 1 mg or better.

3.4 Desiccator, containing an efficient desiccant.
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4 Sampling

Take a representative sample of the material to be tested as
described in I1SO 842.

5 Procedure

Carry out the determination in duplicate.

5.1 Test portion

Heat the weighing bottle (3.1), with the stopper removed, in
the oven (3.2) at 105 °C for 2 h. Allow to cool in the desiccator
(3.4), insert the stopper and weigh to the nearest 1 mg.

Spread 10 £ 1 g of the sample in a uniform layer on the bot-
tom of the weighing bottle, insert the stopper and weigh to the
nearest 1 mg.

NOTE — It may be necessary to reduce the mass of the test portion for
pigments and extenders with a high bulk volume. The use of a test por-
tion smaller than that specified should be stated in the test report.

5.2 Determination

Heat the weighing bottle and contents, with the stopper
removed, in the oven at 105 + 2 °C for a minimum of 1 h.
Allow to cool in the desiccator, insert the stopper and weigh to
the nearest 1 mg. Repeat the heating for at least 30 min, allow
ta cool in the desiccator, insert the stopper and again weigh to
the nearest 1 mg. Repeat this procedure until two successive
weighings differ by no more than 5mg. Record the lower
mass.

If the results of the two determinations differ by more than
10 % of the higher value, repeat the whole procedure
(clause 5).

NOTE — If the material under test is unstable at 105 °C, the test condi-

tions should be agreed between the interested parties and should be
stated in the test report.
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6 Expression of results

Calculate the matter volatile at 105 °C, expressed as a perceh-
tage by mass, by the formula '

100 (my = m,)

My
where
my is the mass, in grams, of the test portion;
my s the mass, in grams, of the residue.

Calculate the mean of the two determinations, if they do not
differ by more than 10 % of the higher value, and report the

85

result to the nearest 0,1 %. Report results between 0 and
0,1 % as “less than 0,1 %".

7 Test report

The test report shall contain at least the following information -
a) the tYpe and identiﬁcation of the product tétw:
b} a reference to this International Standard (ISO 787/2);
¢l the result of the test as indicated in clause 6;

d) any deviation, by agreement or otherwise, from the
procedure specified, particularly another test temperature;

el the date of the test.
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Foreword

International Standard . ;
ISO 787-5:1980 General methods of test for pigments and extenders, determination of oil absorption value,

which was prepared by ISO /TC 35 *Paints and varnishes' of the international Organization for Standardization. has been
adopted by Technical Committee CEN/TC 298 ‘Pigments and extenders’ as a European Standard.

This European Standard shall be given the status of a national standard, either by publication of an identical text or by
endorsement, and conflicting national standards withdrawn, by Feoruary 1996 at the latest.

In accordance with the CEN/CENELEC Internal Regulations, the following countries are bound to implement this European
Standard: 5

Austria, Belgium, Denmark, Finland, France, Germany, Greece, izzland, Ireland, Italy, Luxembourg, Netherlands, Norway,
Portugal, Spain, Sweden, Switzerland and United Kingdom. :

Endorsement notice

The text of the International Standard ISO 787-5:1980 was apprcved by CEN as a European Standard without any modifi-
cation.



0 Introduction

This document is a part of 1SQ 787, General methads of test for
pigments and extenders.

1 Scope and field of application

This part of I1SO 787 specifies a general method of test for

determining the oil absorption value of a sample of pigment or

extender. The oil absorption value is usually required to be
compared with the value determined at the same time on an
agreed sample of the product.

NOTE — When this general method is applicable 10 a given pigment or
extender, only a cross-reference to it should be included in the Interna-
lional Standard relating 1o that pigment or extender, with a note of any
tetailed modification which may be needed in view of the special pro-
perties of the material in question. Only when this general method i

not apphicable 10 a particular material should a special method for.

determination of oil absorption value be specified.

2 References

150 150, Raw, refined and boiled linseed oil for paints and var-
nishes — Specifications and methods of test.

ISO/R 385, Burettes

IS0 842, Raw materials for paints and varnishes — Sampling.

3 Definition

For the purpose of this International Standard, the following
definition applies.

oil absorption value : The quantity of refined linseed oil that
is absorbed under defined conditions by a sample of pigment or
extender’,

NOTE — The oil absorption value may be expressed either on a
volume: mass basis or on & mass mass basis.
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4 Reagent
Refined linseed oil, complying with. the requirements of

1SO 150, and having an acid value of 5,0 to 7,0 mg KOH per
gram.

5 Apparatus

5.1 Plate, of ground glass or marble, at least 300 mm x
400 mm.

5.2 Palette knife, with a tapered steel blade of the approx-
imate dimensions 140 to 150 mm long, 20 to 25 mm wide at'its
widest point and not less than 12,5 mm wide at its narrowest
point.

5.3 Burette, of capacity 10 ml, complying with the re-
quirements of ISO/R 385.

5.4 Balance, with an appropriate accuracy.

6 Sampling
Take a representative sample of the material to be tested as
described in 1SO 842. ’
7 Procedure

Carry out the determination in duplicate,

7.1 Test portion

Weigh the appropriate quantity of the sample in accordance
with the expected oil absorption value as indicated in the table
below.

Table

Expected oil absorption value Mass of the test portion

mif100g g

less than 10 | 20 :
10 to 30 | 10 i
30 10 50 4 5 |
50 to 80 ! 2
over 80 ? ! J
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12 Determination

Place the test portion {7.1) on the plate (5.1). Add the linseed
oil slowly, 4 or 5 drops at a time, from the burette (5.3). After
each addition, rub the oil into the product with the palette knife
(5.2), and continue the addition of oil at this rate until con-
glomerates of oil and product are formed. From this point, add
the oil 1drop at a time and follow each addition of oil by
thoroughly rubbing with the palette knife. Cease the addition of
oil when a paste of smooth consistency has been formed. This
paste should just spread without cracking or crumbling and
should only just adhere to the pla .

Read the burette and note the quantity of oil used. The time
taken for the complete operation should be between 20 and
2 min and during this time, the whole product mass shall be
manipulated with maximum effort by the operator,

Where a comparison is required with the oil absorption value of
an agreed sample of product, repeat the test in exactly the
same way using the agreed sample.

8. Expression of results

The oil absorption value, expressed either in millilitres of oil per
100 g of product orin grams of oil per 100 g of product, is given
respectively by formulae (1) and (2) =

100 ¥

—_—

m

o (1)
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BV

... (2)
m
where

V is the volume, in millilitres, of oil required;

m is the mass, in grams, of the test portion.

Report the result to the nearest millilitre per 100 g or gram per
100 g.

S Test report
The test report shall contain at least the following information :
a) the type and identification of the product tested:

bl “a'reference to this International Standard (1SO 787/5)
or to a corresponding national standard;

¢ the result of the test as indicated in clause 8;

di any deviation, by agreement or otherwise, from the
procedure specified:

el  the date of the test.
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Foreword

International Standard

ISO 787-8:1979 General methods of test for pigments and extenhers: determination of matter soluble in water: cold
extraction method, $ :

which was prepared by ISO/TC 35 ‘Paints and varnishes’ of the International Organization for Standardization, has been
adopted by Technical Committee CEN/TC 298 ‘Pigments and extenders’ as a European Standard.

This European Standard shall be given the status of a national standard, either by publication of an identical text or by
endorsement, and conflicting national standards withdrawn, by September 1995 at the latest.

In accordance with the CEN/CENELEC Internal Regulations, the following countries are bound to implement this European
Standard:

Austria, Belgium, Denmark, Finland, France, Germany, Greece, Iceland, Ireland, Italy, Luxembourg, Netherlands, Norway,
Portugal, Spain, Sweden, Switzerland and Uniiud Kingdom.

Endorsement notice

The text of the International Standard ISO 787-8:1979 was approved by CEN as a European Standard without any modifi-
cation.



0 Introduction

This document is a part of ISO 787, General methods of test for
pigments and exteriders. The first edition was published in
June 1970 and subsequently work was carried out in an at-
tempt to improve reproducibility. As a result of this work, it was
found that three factors were of prime importance. The first
was the type of water used, the second was the type of filter
used and the third was the mass of the test portion. Unfor-
tunately insufficient tests have been carried out to be able to fix
reliable reproducibility limits but it is considered inappropriate
to proceed further with the work.

1 Scope and field of application

1.1 Part 8 of this International Standard specifies a general
method of test for determining the percentage by mass of mat-
ter soluble in cold water, in a sample of pigment or extender.

1.2 Part 3 of this International Standard specifies a method

for determining the percentage by mass of matter soluble in
water by hot extraction. For most pigments and extenders,
these two test methods will give different results, and it is
therefore essential to state clearly in a specification which
method is to be used, and in the test report which method has
been used.

NOTE — When this general method is applicable to a given pigment or
extender, only a cross-teferenice to it need be included in the Interna-
tional Standard relating to that pigment or extender, with a note of any
detailed modification which may be needed in view of the special pro-
perties of the material in question. Only when neither of these general
methods is appiicable to a particular material should a special method
for determination of water-soluble matter be specified.

2 References
IS0 787, General methods of test for pigments and ex-
tenders — Part 3 : Determination of matter soluble in water —

Hot extraction method.

ISO 842, Raw materials for paints and varnishes — Sampling.
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3 Reagent

Distilled water, fresh, double distilled and cooled, or de-
ionized water, of pH 6 to 7.

NOTE — Other water may be used but only by agreement between the
interested parties.

4 Apparatus

4.1 One-mark volumetric flask, of capacity 250 ml.

4.2 Colloid filter.

NOTE — Other types of filter may be used but only by agreement bet-
ween the interested parties.

4.3 Evaporating dish, flat-bottomed, of glass, platinum,
glazed porcelain or silica.

4.4 Oven, capable of being maintained at 105 + 2 °C.
4.5 Balance, accurate to 1 mg or better,

4.6 Desiccator.

9 Sampling

Take a representative sample of the material to be tested as
described in ISO 842.

6 Procedure

6.1 ' Test portion

Weigh 2 to 20 g of the sample, to the nearest 0,01 g, into a
beaker.

NOTE — The mass of the test portion used shall be chosen according
to the type of the material and to the amount of water-soluble matter in
the material. This is particularty important for materials that contain
large amounts of matter soluble in water. In any case, the same test
portion mass shall be taken for repeat tests or for tests between dit-
ferent laboratories.
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6.2 Determination

Wet the test portion in the beaker with a few millilitres of the
- water (clause 3).

NOTE — If the material does not disperse easily in water, a wetting
agent should be used. In the case of materials not soluble in ethanol,
5 ml of ethanol may be used; in the case of pigments soluble in
ethanol, a non-ionic wetting agent such as 10 ml of a 0,01 % solution
of a ethylene oxide condensate should be used. If the wetting agentis
non-volatile under the conditions of test, an appropriate correction
derived from a blank test should be made.

Add 200 mi of the water (cooled to room temperature) and stir
continuously for 1 h at room temperature. Transfer to the
volumetric flask (4.1) and dilute to the mark with the water. Mix
throughly by shaking and inversion, and filter through the col-
loid filter (4.2), returning the filtrate to the filter until it runs
clear. Evaporate 100 ml of the perfectly clear filtrate to dryness
in the previously weighed evaporating dish (4.3) on a water
bath.

Dry the residue in the evaporating dish in the oven (4.4} at
105 + 2 °C, cool in the desiccator (4.6) and weigh to the
nearest 1 mg. Repeat the heating and cooling until the results
of the two last weighings, at an interval including at least
30 min heating, do not differ by more than 10 % of the final
figure obtained for the water-soluble matter.

7 Expression of results

The water-soluble matter (cold extraction method), expressed

95

as a percentage by mass, is given by the formula

250 m,
o
where
my is the mass, in grams, of the test portion;
my is the mass, in grams, of residue.
Take the mean of two determinations and report the result tc
one decimal place.
8 Test report
The test report shall contain at least the following information
a) the type and identification of the product tested;
b) a reference to this International Standard (ISO 787/8}
- ¢) the result of the test as indicated in clause 7;
d) the mass of the test portion used;
e) any deviation, by agreement or otherwise, from th
procedure specified, particularly any details of the filter an
the water used;

f) the date of the test.
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DEUTSCHE NORM April 1995
General methods of test for pigments and extenders
Determination of pH value of an aqueous suspensuon Dﬂ

(ISO 787-9:1981) : EN ISO 787-9

English version of DIN EN ISO 787-9-

This standard incorporates the English version of [SO 78 7‘9

ICS 87.060.10; 87.060.30 Supersedes DIN ISO 787-9,

’ August 1983 edition.
Descriptors: Pigments, extenders, pH value, testing.

Allgemeine Prifverfahren fir Pigmente und Fiillstoffe. Teil 9: Bestimmung des
pH-Wertes einer wéssrigen Suspens!on
(IS0 787-9:1981)

European Standard EN ISO 787-9:1995 has the status of a DIN Standard.

A comma is used as the decimal marker.

National foreword

This standard has been published in accordance with a decision taken by CEN/TC 298 to adopt, without alteration,
International Standard ISO 787-9 as a European Standard.

The responsible German bedy involved in its preparation was the Normenausschuf Pigmente und Filistoffe (Pigments
and Extenders Standards Committee).

DINV 53242-1 and DIN 43242-4 are the standards corresponding to International Standard 1SO 842 referred to in
clause 2,

Amendments

ISO 787-9 having been adopted as a European Standard, the status of the corresponding DIN Standard (DIN ISO 787-9) -
has been changed accordingly.

Previous editions
DIN 53200: 1965-09, 1978-12; - DIN SO 787-9: 1983-08.

vtandards referred to
(and not included in Reference}

DINV 53242-1 Raw materials for paints and varnishes; sampling; concepts and general information
DIN 53242-4 Raw materials for paints and varnishes; sampling of solid matter
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NORME EUROPEENNE
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ICS 87.060.10; 87.060.30

Descriptors: Pigments, extenders, pH value, testing.

English version

General methods of test for pigments and extenders
Part 9: Determination of pH value of an aqueous suspension

(IS0 787-9:1981)
Méthodes générales d'essai des pig- Aligemeine Priifverfahren fiir Pigmente
ments et matiéres de charge. Partie 9: und Falistoffe. Teil 9: Bestimmung des
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aqueuse (ISO 787-9:1981) (ISO 787-9:1981)

This European Standard was approved by CEN on 1994-10-17 and is identical to the 1s0
Standard as referred to.

CEN members are bound to ecomply with the CEN/CENELEG Intenal Regulations which stipu-
late the conditions for giving this European Standard the status of a national standard without
" any alteration. ’

Up-to-date lists and bibliographical references conceming such national standards may be
obtained on application to the Central Secretariat or to any CEN member.

This European Standard exists in three official versions (English, French, German). A version in
any other language made by translation under the responsibility of a CEN member into its own
language and notified 1o the Central Secretariat has the same status as the official versions.

CEN members are the national standards bodies of Austria, Belgium, Denmark, Finland, France,
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Foreword

International Standard

ISO 787-9:1981 General methods of test for pigments and extenders: determination of pH value of an aqueous suspénsic
which was prepared by ISO/TC 35 ‘Palnts and varnishes® of the International Organization for Standardization, has be
adopted by Technical Committee CEN/TC 298 ‘Pigments and extenders’ as a European Standard.

This European Standard shall be given the status of a national standard, either by publication of an identical text or
endorsement, and conflicting national standards withdrawn, by September 1995 at the latest.

In accordance with the CEN/CENELEC Internal Regulations, the following countries are bound to implement this Europe

Standard:
Austria, Belgium, Denmark, Finland, France, Germany, Greece, Iceland, Ireland, Italy, Luxembourg, Netherlands, Norw:
Portugal, Spain, Sweden, Switzerland and United Kingdom.

Endorsement notice

The text of the International Staridard iSC 787-9:1981 was approved by CEN as a European Standard without any mod
cation. - ‘



0 Introduction

This document is a part of ISQ 787, General methods of test for
pigments and extenders.

1 Scope and field of application

This part of IS0 787 specifies a general method of test for
determining the pH value of an aqueous suspension of a sam-
ple of pigment or extender.

NOTE — When this general method is applicable to a given pigment or
extender, only a cross-reference 1o it should be included in the Intema-
tional Standard relating to that pigment or extender, with a note of any
detailed madification which may be needed in view of the special pro-
perties of the material in question. Only when this general method is
not applicable to a particular material should a special method for
determination of pH value be specified.

2 Reference

ISO 842, Raw materials for paints and varnishes ~ Sampling.

3 Reagent

Freshly distilled water, boiled before use to remove carbon
* dioxide, or water otherwise prepared of at least equivalent pu-
fity.

The water shall be boiled and cooled in a vessel made of
chemically resistant glass, immediately before use. It shall be
boiled for 5 to 10 min only, in order to avoid an increase of its
pH value due to alkali dissolved from the glass vessel. Because
water rapidly absorbs carbon dioxide, the cooled water shall be
protected from access to the atmosphere and shall be stored
for not more than 30 min. The closed contdinet shotld be pro-
tected by a sodajasbestos tube or similar. device.

4 Apparatus

4.1 Glass container, of capacity 50 ml, made of chemically
resistant glass, fitted with a ground glass or rubber stopper.

Before using the container for the first time, boil dilute
hydrochloric acid placed in the container and then rinse it
thoroughly with distilled water. The rubber stopper shall not
have been used for any other purpose.
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4.2 pH measuring device, capable of measurement to (
unit, calibrated against buffer solutions of known pH value
the temperature of the test.

4.3 Balance, with an appropriate accuracy.

5 Sampling

Take a representative sample of the material to be-tested
described in SO 842,

6 Procedure
Carry out the determination in duplicate at room temperatu

Prepare a 10 % (m/m) suspension of the material under te
using the distilled water (clause 3), in the glass container (4.
Stopper the container and shake it vigorously for 1 min. All
it to stand for 5 min, remove the stopper and determine, to 1
nearest 0,1 unit, the pH value of the suspension,

If the material does not disperse easily in water, a wetting age
should be used; in the case of materials not soluble in ethan
up to 5 ml of ethanol may be used but care should be taken
ensure that the minimum quantity is used and that it is neut
and free from pyridine. In the case of pigments soluble
ethanol, a neutral non-ionic wetting agent such as 10 ml o
0,01 % {m/m) solution of an ethylene oxide condensate sho'
be used. The neutrality of the wetting agent should be check
by making a blank determination. If a wetting agent is used, :
vblume of the water should be reduced so that a 10 % (m/
suspension-is obtained.

The type and quantity of wetting agent used shall be statec
the test report.

NOTE — With pigments anid extenders of relatively low density, it r
be necessary to use a suspension of less than 10 % (m/m). In
cases the concentration of the suspension used should be stated in
test report.

Record the pH values to the nearest 0,1 unit and record
temperature of the suspension to the nearest 1 °C. If
duplicate determinations of pH differ by more than 0,3 unit,
procedure shall be repeated.
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1 Expression of results

Calculate the mean of two determinations and report the result
to the nearest 0,1 unit.

8 Test report

The test report shall contain at least the following information :

a) the type and identification of the product tested;

100

b) a reference to this International Standard (ISO 787/¢
¢l if used, the type and quantity of wetting agent;

d) the result of the test as indicated in clause 7, and 1
test temperature;

el any deviation, by agreement or otherwise, from t
pracedure specified;

fl the date of the test.
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JCPDS Cards
960046 0 : . Wavelength=1.54184 i
CaS04-2H20 2g Int h k 1 20 Int h k 1
Calcium Sulfatc Hydrate 11.70600 0 2 O 50.839 4 3 2 1
20.80350 1 2 1 51.392110 2 &6 ©
23.47320 0 3 1 53.560 2+ 2 5 3
Gypsum 28214 4 1 1 2 54.489 2 3 2 3
. N rv— — 29.19455 1 4 1 55200 4 3 a 1
Rad.: Cu & 1.5405 Filter: d-sp: 3119725 0 0 2 <893 2 T & 3
Cut off: Int.: Vicor.: 32,128 6 2 1 1 56,795 6 1 8 1
Ref: 33.44828 0 2 2 57.649=<1 3 5 2
: 34620 4 2 0 2 58247 2 1 1 4
35.482<1 0 6 O 60.425 2 2 & 2
35996 6 2 0 0O 60.864 2 1 2 3
Sys.: Monaoclinic S.G.: I2/a (15) 36.681 4 2 2 2 61.854 1 1 9 2
X . . > i L, 37473 4 1 a4 1
a: 5.68 b: 15.18 c: 6,51 A:0.3742 C:0.4289 _ o 0 o 152
a: p:118.4 o Z: 4 mp: 42,251 2 2 4 2
 Ibi 43.51010 1 2 3
Ref: Ibid. 43.664 8 3 5 1
45.585 4 1 7 ©
. . 46499 2 2 1 1
Dx: 2.316 Dm: SS/EOM3H-11( .048, 58) 4793016 0 8 ©
48.44510 1 4 3
C.D. Cell: a=6.282, b=15.180, c=5.680, p=114.28, S o 3 i 2
a/b=0.4139, &/b=0.3742, §.G.=C2/e(15). PSC: mCAa8. Deleted 0020 100 5 0
by 33-311. Mwt: 172.17. Volume[CD]: 493.75. b
©1995 JCPDS-International Centre for Diffraction Data. All rights reserved.
TEH-043T - Wavelenpth= 1.511841 <
CasS04-2H20 20 Int h k 1 2y Int h k 1
Caleium Sulfate Hydrate 11.65977 © 2 0 48470 & L 4 3
18.693 3 1 1 O 48,816 2 3 1 2
20.754900 1 2 1 50424 8 2 6 2
Gypsum 2344113 0 34 O 50718 4 3 2 1
- = - 23.44113 0O 3 1 51,397 & 1 8 1
Rad.: = Filter. dos B Al U ey 1) 1 2 51397 6 2 6 O
Cut ofl’ Int.: Calculated Lleor.: 1.702 2917455 1 4 1 55164 3 3 4 1
2
Hef: Smith, ID., Schultz, k., Depl. of Geosciences, Penn State B LI 2 1 56.837 5 2 0 4
- h v ; 32093 &8 2 1 1 56837 5 1 8 1
Univ,, University Park, PA, USA, ICDD Grant-in-Aid, (1985)  J°.00 .0 [ 5 SR307 2 0 ¥ 2
- 34.565 3 1 5 0O 58307 2 3 3 O
Sys.: Manochnic 5.G.rI2/a(15) 34.565 3 2 O 2 654,957 2 1 4 3
. 35937 8 2 0 O 65031 2 0O 7 3
a: 5.680 b: 15180  ©:6.520 A 03742 Co04295 LL 007 2 2 o3 1 65.031 2 U0 U 4
o p: 118383 o sia mp: 36.665 5 2 2 2 68837 2 2 65 4
37.408 2 1 4 1 68837 2 110 1
Ref: Atoji, M., Rundle, R., J. Chem. Phys.. 29, 1306 (1958} A0TIGNG ol S 76948 2 1 2 5
4335611 2 4 0 76.948 2 4 6 2
: 43.532 8 1 2 3 79787 2 2 ® 2
D 2312 Tom: SS/FOM3zB=17(.00%4, 69) 43.620 9 1 1.2 79787 2 1 8 3
- - 43,620 9 2 5 1
2 2 3
Peak height intensity. Specimen from Utah, USAL C.D. 2;23; g. 1 .:. o
Cell: a=6.290, b=15.180, ¢—5.680, =114.22, a/b=0.4144, 46411 20 2 1.1
&hb=0.3742, 85.G.=C2/c(15). PSC: mC48. hwt: 172.17. T ALY R
Volume[CDD]: 494.59. .

©1995 ICPDS-Intemational (Centre for T2 action IData. All rights rescrved.



24-0027 — Wavelength
CaCO3 2o Int h k 1
Calcium Carbonate 23.09029 0 1 2
29.48Q00 1 0 4
31.570 2 0 0O 6
Calcite 35996 7 1 1 0
- - 39.453 18 3
d-sp: Calculated 43.204 27 ; (I'J >
Cut off: Int.: Calculated Ilcor.: 47.188 4 0 2 4
Ref: Smith et al., Penn State University, University Park, :;2;‘: _:Z ? : ?
Pennsylvania, USA, ICDD Grant-in-Aid, (1973) “eco8 2 2 1 1
- T 57.452 15 1 2 2
Sys.: Rhombohedral 5.G.: R3e (167) 58323 2 1 010
a: 4.990 b ©17.002 A ciza072 9012% 3 2 1 3
oy [iH 1 16 mp: 64.712 5 3 00
Ref: Chesin et al., Acta Crystallogr., 18, 689 (1965) Soo30 3 o012
81.762 3 2 110
Dx: 2.720 Dm: SS/FOMF-265(.0022, 38) BaBaos 3 13
94825 2 4 0 4
Peak height intensity. CAS #: 13397-26-7. Caleite group, 2s.196 2 3 1 3
caleite subgroup. PSC: hR10. Deleted: intensities are
incorrect; Bayliss letter 3/21/88. Mwt: 100.09. Volume|[CID]:
366.63.
©1995 JCPDS-International Centre for Diffraction Data. All rights reserved.
14-0453 y A 4 a-s Ea\ \L\'. Wavelength
p-CasSO4-0.5H20 20 Int h k 1 20
Calcium Sulfate Hydrate 1474095 1 0 0 75.026
20.416 2 1 0 1 75.235
2574845 1 1 © 75.375
Bassanite, syn 27.020 6 B3.654
Rad.: CuKa A: 1.5418 Filter: Ni Betal  d-sp: Diffractometer g;';giog g g (2) gg'zgg
Cut off: Int.: Diffract Icor.: 31.94050 1 O 2 20,984
Ref: Morris Ir., R., U. S, Gypsum Company, Desplanes, lllinois,gg'?;g 3 2o 35§3§
Private Communication 38-437 2 11 2 .
N — 38.540 2
Sys.: Hexagonal 5.G.: P3ml (164) 39707 4 2 1 0O
a: 6,931 b o 6.344 A ciooissz 31399 2 2 0 2
@ B ' £33 mp: 42.396 6
—_— 42.839 2 0 0 3
Ref Tbid. 45345 2 3 0 O
47663 4 3 0 1
Dx: 2.740 Dm: 2.550 SS/FOMaE-6( 072, 68) zg';gg lg o
ca: nop: 1.55 < e 1.57  Sign:+ 2V: gg'ggg 2 242 0
Ref Ibid. 54176 8 3 0 2
55.164 8 3 1 O
e — 61.808 2 4 0 0O
63.069 2 3 1 2
Hemihydrate prepared from dihydrate by crystallization 71909 2 4 1 0O
under 6 PSIG steam pressure. Wyckoff, "The Structure of 72.100 2
Crystals,"” 2nd ed. PSC: hP22.50. Deleted by 24-1068. 72743 2 2 1 a
2

Mwt: 145.15. Volume[CD]: 263.93. 72.873
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37-1496 . . . S Wavelength= 1.54184 -
CasSO4a 2 Int h k 1 Za Int h k 1
Calcium Sulfate 22.930 5 11 1 TFBO6T73 3 2 3 4

25,454 00 o 2 0 79.945 2 2 5 2
28604 2 0O 0O 2 ®1.728 1 5 3 1

_/\_I"I_h d.ritc. syn 31.39429 0O 1 2 B82.696 4 0 6 0
Rad.: CuKalx: 1.5405 Filter: Graph Monod-sp: Diffractometer iéggg :; ; g rI) ::igg? g 2 g z
Cut off: 17.7 Int.: Diffract. Llecor.: 3867320 2 0 2 84:200 1 4 4 2

. . . . . . 40.85020 2 1 2 B84 327 1 4 1 4
Ref: MeMurdie, H et al., Powder Diffraction, 1, 267 (1986) 41348 % 3 0 1 84.625 <1 s 1 3
43.368 8 1 3 1 BB.398 7 6 2 0
- ~ 45.48R 4 1 0o 3
Sys.: Orthorhombic S.Go Bmmb (63) 46,860 3 2 2 2
a: 6.9933(4) b: 7.0017(5) ¢ 6.2411(5) A: 09988 C:0.8914 jg':%;'ﬂ o A g
. 5 3
@ [iH T Z: 4 mp: 49178 3 3 2 1
- 52.276 11 o 4 0
Refl: Ibid.
s 5233510 4 0 0O
52.844 <1 1 2 3
Dx: 2.959 Dm: SS/FOM3F-99(.0066, 46) gg;;’) 'g § ; f
Color: Colorless gggg‘; g 2 40
Peak height intensity. The mean temperature of data 61 ' 139 1 41' 2 %
collection was 25 .8° CAS #: 7778-18-9. The samplc was 62. 7 -
prepared by adding an aqueous solution of K2 S O4 to (5‘?3; g. g ;. ‘21_
onc of Ca C12. The resultant precipitate was washed and 6’5'827 1 332 3
then heated to 700or 5 hours. References to other early 66‘889 3 > 4 s
patterns and structures will be found in Swanson ot al. (2). 6‘?‘016 3 2 1 i
ol o= +1. This form is called "insceluble anhydrite" to 68.7;23 {:] 3 4
distinguish it from the tetragonal "soluble anhydrite" 71-485 a4 3 3 ‘lt
form. The definitive structure of Ca S 04 was determined _}2'933 1 03 a
by Hohne (1). Ca O4 S type. Silicon used as an internal 74‘267 6 a4 3
stand. PSC: oC24. To replace 6-226. Swanson et al. (2) 77' * 2
Bushuev et al. (3). Mwt: 136.14. Volume[CD]: 305.60. sl 4+ 4 0
©1995 JCPDS-International Centre for Diffraction Data. All rights reserved.
46-1045 Y A Wavelength= 1.5405981 ct
5102 2o Int h k 1 Za Int h k 1
Silicon Oxide 20.860* 16 1 6 0 92,788* <1 4 0 0
26.540* 100 1 0 1 94.651* 1 1 0 5
36.544* 9 1 1 0 95.119* <1 4 0 1
Quariz. syn 39.465* 8 1 0 2 96.238* 1 2 1 4
"Rad.: CuKal A: 1.5405  Filter: Ge Mono d-sp: Diffractometer :g'igg: ; ; (1) é 19;;725311' <; ? f g
Cut off: Int.: Diffract. 1/lcor.: 3.41 45,793* 4 2 0 1 102,567 =<1 3 1 3
-
Ref: Kern, A.. Eysel. W.. Mineralogisch-Petrograph. Inst., 553 égg, fj (; (1) i ;g:gg; :i g g g
Univ. Heidelberg, Germany. [CDD Grant-in-Ald, (1993} 4875 4 2 0 2 106.503 <1 3 2 1
— 55.325% 2 1 0 3 112.114 <1 4 1 0O
Sys.: Hexagonal 5.G.: P3g21 (154) 57.235° <1 2 1 0 114061 <1 3 2 2
59.960* 9 2 1 1 114.467 2 4 0 3
a: 4.91344(4) b c: 5.40524(8) A: C: 1.1001 64.036* 2 11 3 114.639 2 4 1 1
ol B ¥ Z:3 mp: 65.786° <=1 3 00 115.885 <1 2 2 4
Ref: [bid 67.744* 6 2 1 2 117.537 =<1 0 0 6
e ’ 68.144* 7 2 0 3 118313 <1 2 1 5
£8.318* 5 3 01 120,124 1 3 1 4
73.468" 4 .
Dx: 2.649 Dm: 2.660 S$5/FOM: I30=532(.0018, 31) 7: 660° g é g 2 :3; 205:53 :i i ? g
77.675* 12 2 0 127251 <1 3 0 5
o AN 1 1'9 LE oV 70.884* 2 21 3 131203 <1 1 1 6
Ref: Swanson, Fuyat, Natl. Bur. Stand. (U.S.), Circ. 539, 3, 24 80.047* <1 2 2 1 132,756 <1 5 0 1
(1954) 81.173* 2 1 1 4 134293 <1 4 0 4
— 81.491* 2 3 10 136.424 1 2 0 6
Color: White 83.840* 13 11 137.895 2 4 1 3
Integrated intensities. Pattern taken at 23(1) C. Low temperature 84957 <1 2 0 4 140.318 <1 3 3 0O
quartz.g determination based on profile fit method. O2 Si type. 87439* <1 3 0 3 143.251 3 5 0 2
Quartz group. Silicon used as an internal stand. PSC: hP9. To 90.831* 2 3 1 2 144.119 <1 3 3 1

replace 33-1161. Mwt: 60.08. Volume[CDJ: 113.01.

©1996 JCPDS-International Centre for Diffraction Data. All rights reserved.



14-0164
AlZSI205(0H)4

Aluminum Silicate Hydroxide

Kaolinite- 1A

Rad.: CuKa x:1.54 Filter: Mono® d-sp: 22.9

Cut off: Int.: Estimation I/lcor.:

Ref: Goodyear, Duffin. Mineral. Mag., 32, 902 (1961)

Sys.: Triclinic 5G.:Cl

a 5155 b: 5959 c: 7.407 A 0.5754 C: 0.8268
o 91.68 B 104.9 ¥: 89.94 Z:2 mp:

Ref: [bid.

Dx: 2.595 Dm: 2.645 55/FOM: l3=35( .022, 38)

e 1.559(6) nop: 1.564(5) ey 1.565(5) Sign: - 2V: 24-50°

Ref: Deer, W., Howie, R., Zussman._ J., Rock Forming Minerals,
3. 194

Color; White
Specimen from Scalby, Yorkshire, England. UK. Validated by
calculated pattern Borg and Smith, GSA Memoir, 122,
Kaolinite-serpentine group, dioctahedral subgroup.mC.D.
Cell: a=5.166, b=7.407, c=5,155, n=104.90, =119.87.
¥=84.10. a/b=0.6974_ ¢/b=0.6960, 5.G.=P1(1). PSC: aP17. To
replace 5-143 and 12-447. Mwt: 258.16. Volume([CD]: 165,22,

2o Int h k 1
50.863* 40 1 1 4
60.207* 40 2 0 3
61.219* 5 3 1 |
61.624* 5 2 4 3
62,360 90 3 3 1

« 1996 JCPDS-International Centre for Diffraction Data. All rights reserved.

2o

12.344*
19.826*
20.340%
21.225*
21.468*
23.120*
23.758*
24.877+
26.054"
26.400*
28,286
28.732*
32,511+
34.9687*
35.151*
35.408*
35.641*
35.995*
37,717
38.351*
38,504*
39.078*
38.291°
40.018*
40.316"
40.677*
41.083*
41.299*
41.558*%
42.003*
42.374*%

Int

100

=

o]
0
1

1

:
o
o
o]
1

1

1
T
0
2
1

T
1

2
o
2
1

1
1

1
o
2
2
2
2
4]
4]

=
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Wavelength= 1,5418

WO =N = ON W= N WON -0 —N————00 —

29

42, 731*
43.224*
43.508*
43.863"
45.415*
45.657*
45.975*
46,523
46.853*
47.319*
47.715*
47.955*
48.692*
49,3964
49.596*
50,417
51.051*
53.592*
54.313*
54.593*
55.019°
55.343*
55.488%
55.744*
56,338
56.831%
57.333*
57.845%
58.165%
58,733+
59.523*

Int

10
10
5
o
35
35
20
20
a5
20
5
25
20
25
35
20
25
25
25
25
40
40
10
40
30
70
30
10
60
10
30
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naadaanidndu 3 Tuand AAanumwiwiy 1.140 nfusegnuAfiaumwmg
UNAY HANMWLUYE 1 nfusagnuIARauRmNag

dl % a o 6V & a 9; oI/
ansavae L lunisastldunguia (nsm 1 gnuisnimuRmATNANTNNAY

1 gnunafmuRmngsiatldi 1 niy) JANULINLLE 1.070 NFNFRgNUNATIIURINAT

AINNNINARNANEUTUNGUAA 50 NI (ﬁwﬁﬂuﬁq) A130TANLNIATAIIN
fnseandusnldluusiassesiitiunmsingade 93.50 ANUNATIUALNAT LAZHAINULN
winlaeiade 1.068 MSuseaNLIAREURRAT  ietaisazarenduandlmsiazeinlsy
ansazanedifFunasiy 100 gnuaAfeufwes LariaEuuiLLuy 1.070 niusagnuiar

CEUFLNGIS

Al x uwnlSuosseansadaninuay y  unuiliniasesinnduinses
Wl AsrlugnnsnaguanisANdNAUE LS 2 auntg TnaAnandadaunisuaning

tuninuazlnaFunns lasail

107 =93.50-1.068+x-1.140+ »

100 =93.50 + x + y

dudeufanniandn x uay y | uasaglidnasFeamnnspdanEndndy 3 Tuans aqlian
4.59 QNUIATIIURALNAS (158 5.23 NTH) WATUINAWAN 1.91 gNUIATEURLNAT (Visa 1.91

n5u)
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MANUIN 3

AURBUNITAA briquette

1. wwuuiag i lunsenllinsauuasesdnlanseaan (FABBI S.p.A. CE-
389/86) i muiuATenanTeadintovesuuudn IRunTuRaue Wetlesiuniadina
WL

'
a

2. defiddunanuanlalasieinunisauuisiguugi 45 asAaideg

a

a v

WAaLsEinn 351 NN antiueee?) imansasiuuuy i splatular thaRiasuunaesansli

ANLANANAULAIAININTEA

3. lun19es briquette axldn1sdnuuy 2 dauay laedammsisnazan Ui
WA 100 U5 wazAeldNuLdRTtlseuIns 5 Wi antulaas L aeanaunI LI

Wueusd  dasaludsinznaaslns lWiisednldauns 200 11§ Adldnusedniantszunns 5

a = K |
N AvtAatuNaan

v 1 v
4. s I ANINANAUTINIUNNE A WAL INAFUT1UAANANN
v 1
WUL T briquette RlAaziaIANG1e 50 FAANAT 8719 50 RARWAT LAUUNLTENN 5

NANLNAT
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MARNUIN

[ [ 1 o a
N13IAANTAANNLLIUNS ARG LL@SF’]’TTNﬂﬁﬁ“ﬂﬂﬂ“@ﬂLﬂﬂWﬂqﬂW]’ﬂ’;

'
v o Aa

1. delanuananames 100 nin ldadludinines Aaeinau 60 gnuaerd
wuAmas wadlunannFeniuEuduna  (lunsdlzesnaramefaiunil aznanuaniy
wazwiaiaglaaiudannanaiawes  uarlnmaasaniudaviunduiindunauldaasin

v
TINAANAIUNINANTIL)

2. et Hannaramasiaziliidaiudezinn 4 wam aqnidui

1U9nAn pH FAaepTas pH meter 873A1 pH 71987 4 1% 30 3unh

3. uwanawaslildnmauuiiesaiun  Iaalun1sdnaruutinsngLAzag

'
= oA

Brookfield viscometer #azld spindle No.2 1Aa13159 20 sausauI? ANe1KlnaInLATes

AzfatinNgniae 100 Wa e iumuinasd
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MARNUIN R
F’I’I‘E’Nﬂl'ﬁﬂqﬁl‘ﬂﬂ\iﬂ’]‘iLL’QﬂLL‘Qﬂ t
o

1%
0.10 0.05 0.025 0.01 0.005
1 3.078 6.314 12.706 31.821 63.657
2 1.886 2.920 4.303 6.965 9.925
3 1.638 2.353 3.182 4.541 5.841
4 1.533 2.132 2.776 3.747 4.604
5 1.476 2.015 L 3.365 4.032
6 1.440 1.943 2.447 3.143 3.707
7 1.415 1.895 2.365 2.998 3.499
8 1.397 1.860 2.306 2.896 3.355
9 1.383 1.833 2.262 2.821 3.250
10 1.372 1.812 2.228 2.764 3.169
11 1.363 1.796 2.201 2.718 3.106
12 1.356 1.782 2479 2.681 3.055
13 1.350 1.771 2.160 2.650 3.012
14 1.345 1.761 2.145 2.624 2.977
15 1.341 =53 2.131 2.602 2.947
16 1.337 1.746 2.120 2.583 2.921
17 1.333 1.740 2.110 2.567 2.898
18 1.330 1.734 2.101 2.552 2.878
19 1.328 1728 2.093 2.539 2.861
20 1.325 1.725 2.076 2.528 2.845
21 1.323 1.721 2.080 2.518 2.831
22 1.321 1.717 2.074 2.508 2.819
23 1.319 1.714 2.069 2.500 2.807
24 1.318 1.711 2.064 2.492 2.797
25 1.316 1.708 2.060 2.485 2.787
26 1.315 1.706 2.056 2.479 2.779
27 1.314 1.703 2.052 2.473 2.771
28 1.313 1.701 2.048 2.467 2.763
29 1.311 1.699 2.045 2.462 2.756
inf. 1.282 1.645 1.960 2.326 2.576
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Vi
Vi
1 2 3 4 5 6 7 8 9

1 161.4 | 199.5| 2157 | 2246 | 230.2| 234.0| 236.8| 238.9| 240.5
2| 18.51 19.00 | 19.16 | 19.25| 19.30| 1933 | 19.35| 19.37| 19.38
31 10.13 9.55 9.28 9.12 9.01 8.94 8.89 8.85 8.81
4 7.71 6.94 6.59 6.39 6.26 6.16 6.09 6.04 6.00
5 6.61 5.79 5.41 5.19 5.05 495 4.88 4.82 4.77
6 5.99 5.14 4.76 4.53 4.39 4.28 4.21 4.15 4.10
7 5.59 4.74 4.35 4.12 3.97 3.87 3.79 3.73 3.68
8 5.32 4.46 4.07 3.84 3.69 3.58 3.50 3.44 3.39
9 5.12 4.26 3.86 3.63 3.48 3.37 3.29 3.23 3.18
10 4.96 4.10 3.71 3.48 3.33 3.22 3.14 3.07 3.02
11 4.84 3.98 3.59 3.36 3.20 3.09 3.01 2.95 2.90
12 4.75 3.89 3.49 3.26 3.11 3.00 2.91 2.85 2.80
13 4.67 3.81 3.41 3.18 3.03 2.92 2.83 2.77 2.71
14 4.60 3.74 3.34 3.11 2.96 2.85 2.76 2.70 2.65
15 4.54 3.68 3.29 3.06 2.90 2.79 2.71 2.64 2.59
16 4.49 3.63 3.24 3.01 2.85 2.74 2.66 2.59 2.54
17 4.45 3.59 3.20 2.96 2.81 2.70 2.61 2.55 2.49
18 4.41 3.55 3.16 2.93 2.77 2.66 2.58 2.51 2.46
19 4.38 3.52 3.13 2.90 2.74 2.63 2.54 2.48 2.42
20 4.35 3.49 3.10 2.87 2.71 2.60 2.51 2.45 2.39
21 432 3.47 3.07 2.84 2.68 2.57 2.49 2.42 2.37
22 4.30 3.44 3.05 2.82 2.66 2.55 2.46 2.40 2.34
23 4.28 342 3.03 2.80 2.64 2.53 2.44 2.37 2.32
24 4.26 3.40 3.01 2.78 2.62 2.51 2.42 2.36 2.30
25 4.24 3.39 2.99 2.76 2.60 2.49 2.40 2.34 2.28
26 423 3.37 2.98 2.74 2.59 247 2.39 2.32 2.27
27 421 3.35 2.96 2.73 2.57 2.46 2.37 2.31 2.25
28 4.20 3.34 2.95 2.71 2.56 2.45 2.36 2.29 2.24
29 4.18 3.33 2.93 2.70 2.55 2.43 2.35 2.28 2.22
30 4.17 3.32 2.92 2.69 2.53 2.42 2.33 2.27 2.21
40 4.08 3.23 2.84 2.61 2.45 2.34 2.25 2.18 2.12
60 4.00 3.15 2.76 2.53 2.37 2.25 2.17 2.10 2.04
120 3.92 3.07 2.68 2.45 2.29 2.17 2.09 2.02 1.96
inf. 3.84 3.00 2.60 2.37 2.21 2.10 2.01 1.94 1.88
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NANUIN O

M53LAsIERANNLLSSIU (analysis of variance) ARYAT pH

NANAABTAILNES  Count Sum Average Variance

23[51?‘17; 1 2 11.93 5.965 0.00125

&m‘ﬁl 2 2 11.81 5.905 0.00125

@m‘ﬁl 3 2 11.84 5.920 0.00320

famﬁ' 4 2 NG 5.925 0.00245

zﬁm‘ﬁl 5 2 11.82 5.910 0.00020

@m‘ﬁl 6 2 11.76 5.880 0.00080

z};m‘ﬁl 7 2 11.85 5.925 0.00045

@;m‘ﬁl 8 2 14738 5.865 0.00125

qm‘ﬁl 9 4 23.59 5.898 0.00109

Analysis of Variance(ANOVA)

Source of Variation SS af MS " F crit
Between Groups 0.013655 8 0.001707 1.329 2.948
Within Groups 0.014125 M 0.001284

Total 0.027780 19

F< F crit agu18ian Tuimuuansin9s1d19A pH 189NANAAaFaILINITTI 9 gRs

Groups Count Sum Average Variance
WAALABTATLINTI 20 118118 5.909 0.001462
dammanaainas 6 36.04 6.007 0.000067
Analysis of Variance(ANOVA)

Source of Variation SS af MS F F crit
Between Groups 0.044025 1 0.044025 37.584 4.26
Within Groups 0.028113 24 0.001171

Total 0.072138 25

F> F crit a3u1891 Amnuusnsingszndnedn pH sesiafinanaramasiasnaiamnasanuei
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NANUIN I

nsMIAMNaAnaL T duatiN991e (simple linear regression)

nuuald T, uwnwnanlunsansaGusuLas

T, wnuan lunsanAagaiig

Count Sum Average Variance
T, 20 845 42.25 299.25
T; 20 2339 116.95  2680.366

Regression Statistics Analysis of Variance(ANOVA)
Multiple R 0.991117 df SS MS F
R Square 0.982314 Regression 1 50026.23 50026.23 999.7289
Adjusted R Square ~ 0.981331 Residual 18 900.716  50.0398
Standard Error 7.073882 Total 19 50926.95
Observations 20
Coefficients

Intercept -8.37328
T, 2.966231
f.05(7,18) =4.41

F> o 1y @IULAIY T/ HAN&NiusiTaduny T, Tneaunsniauaunisuaniaauduiug

A
I/LQ/V =4

AR

T, = 2.966(T)-8.373
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Relationship between X, and Vis

Regression Statistics

Multiple R 0.8457352
R Square 0.715268
Adjusted R Square 0.6994496
Standard Error 392.22921
Observations 20

Relationship between X, and Vis

Regression Statistics

Multiple R 0.2244605
R Square 0.0503825
Adjusted R Square -0.002374
Standard Error 716.30199
Observations 20

Relationship between X, and Vis

Regression Statistics

Multiple R 0.0841727
R Square 0.007085
Adjusted R Square -0.0480769
Standard Error 732.44975

Observations 20

112

ANOVA

af SS MS F
Regression 1 6956406.3 6956406.3 45.217347
Residual 18 2769187.5 153843.75
Total 19 9725593.8

Coefficients
Intercept 2899.38
X, -1318.8
ANOVA

df SS MS F
Regression 1 490000 490000 0.9550009
Residual 18 9235593.8 513088.54
Total 19 9725593.8

Coefficients
Intercept 2267.92
X, -5833.3
ANOVA

df SS MS F
Regression 1 68906.25  68906.25  0.1284408
Residual 18 9656687.5 536482.64
Total 19 9725593.8




Relationship between X X, and Vis

Coefficients

Regression Statistics

Multiple R 0.6644213
R Square 0.4414556
Adjusted R Square 0.4104254
Standard Error 549.35193
Observations 20

113

Relationship between X X, and Vis

Regression Statistics

Multiple R 0.5740618
R Square 0.3295469
Adjusted R Square 0.2922995
Standard Error 601.8746
Observations 20

Relationship between X,X, and Vis

Regression Statistics

Multiple R 0.2243853
R Square 0.0503488
Adjusted R Square -0.0024096
Standard Error 716.31473
Observations 20

Intercept 2085.63
X, -2187.5
ANOVA
df SS MS F
Regression 1 42934179 4293417.9 14.226624
Residual 18 5432175.9 301787.55
Total 19 9725593.8
Coefficients
Intercept 2480.85
XX, 14417
ANOVA
df SS MS F
Regression 1 3205039.2 3205039.2  8.8475153
Residual 18 6520554.5 362253.03
Total 19 9725593.8
Coefficients
Intercept 2412.23
XX, -12456
ANOVA
af SS MS F
Regression 1 489671.61 489671.61 0.9543269
Residual 18 9235922.1  513106.79
Total 19 9725593.8
Coefficients
Intercept 2166.05
XX -75918




Relationship between X12 and Vis

Regression Statistics

Multiple R 0.7706901
R Square 0.5939632
Adjusted R Square 0.5714056
Standard Error 468.38664
Observations 20

114

Relationship between X22 and Vis

Regression Statistics

Multiple R 0.1681217
R Square 0.0282649
Adjusted R Square -0.0257204
Standard Error 724.5957
Observations 20

Relationship between st and Vis

Regression Statistics

Multiple R 0.0290796
R Square 0.0008456
Adjusted R Square -0.054663
Standard Error 734.74748
Observations 20

ANOVA

df SS MS F
Regression 1 5776644.9 5776644.9 26.330958
Residual 18 3948948.8 219386.05
Total 19 9725593.8

Coefficients
Intercept 2561.12
X} -847.64
ANOVA

df SS MS F
Regression 1 274892.93 274892.93 0.5235667
Residual 18 9450700.8 525038.93
Total 19 9725593.8

Coefficients
Intercept 2115.69
i -43304
ANOVA

df SS MS F
Regression 1 8224.2141 8224.2141 0.0152341
Residual 18 9717369.5 539853.86
Total 19 9725593.8

Coefficients
Intercept 2000.37
X’ -7490.2

3




Relationship between X,, X, and Vis

Regression Statistics

Multiple R 0.875015
R Square 0.765651
Adjusted R Square 0.73808
Standard Error 366.1555
Observations 20

Relationship between X1, X3 and Vis

Regression Statistics

Multiple R 0.849914
R Square 0.722353
Adjusted R Square 0.689689
Standard Error 398.5475
Observations 20

Relationship between X,, X, X, and Vis

Regression. Statistics

Multiple R 0.852323
R Square 0.726455
Adjusted R Square 0.694274
Standard Error 395.5922
Observations 20
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ANOVA
df SS MS F
Regression 2 7446406 3723203 27.77062
Residual 17 2279188 134069.9
Total 19 9725594
Coefficients
Intercept 3191.042
X, -1318.75
X, -5833.33
ANOVA
df SS MS F
Regression 2 7025313 3512656 22.11442
Residual 17 2700281 158840.1
Total 19 9725594
Coefficients
Intercept 3008.75
X, -1318.75
X, -2187.5
ANOVA
df SS MS F
Regression 2 7065209 3532605 22.57353
Residual 17 2660385 156493.2
Total 19 9725594
Coefficients
Intercept 2899.375
X, -1158.98
XX -3195.38

1772




Relationship between X, X X, and Vis

Regression Statistics

Multiple R 0.845972
R Square 0.715669
Adjusted R Square 0.682219
Standard Error 403.3159
Observations 20

Relationship between X1, X2X3 and Vis

Regression Statistics

Multiple R 0.874995
R Square 0.765617
Adjusted R Square 0.738042
Standard Error 366.1819
Observations 20

Relationship between X, Xf and Vis

Regression Statistics

Multiple R 0.939309
R Square 0.882302
Adjusted R Square 0.868455
Standard Error 259.489
Observations 20

116

ANOVA
df SS MS F
Regression 2 6960310 3480155 21.39478
Residual 17 2765283 162663.7
Total 19 9725594
Coefficients
Intercept 2899.375
X, -1349.01
XX, 605.2928
ANOVA
df SS MS F
Regression 2 7446078 3723039 27.7654
Residual 17 2279516 134089.2
Total 19 9725594
Coefficients
Intercept 3089.17
X, -1318.75
XX, -75918.1
ANOVA
df SS MS F
Regression 2 8580906 4290453 63.71844
Residual 17 1144688 67334.56
Total 19 9725594
Coefficients
Intercept 3725.875
X, -5308.75
X, 2850




Relationship between X, XZZ and Vis

Regression Statistics

Multiple R 0.862284
R Square 0.743533
Adjusted R Square 0.71336
Standard Error 383.0447
Observations 20

Relationship between X, X32 and Vis

Regression Statistics

Multiple R 0.846235
R Square 0.716114
Adjusted R Square 0.682715
Standard Error 403.0008
Observations 20

Relationship between X, Xf, X, and Vis

Regression Statistics

Multiple R 0.965756
R Square 0.932684
Adjusted R Square 0.920062
Standard Error 202.2819

Observations 20
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ANOVA

df SS MS F
Regression 2 7231299 3615650 24.64266
Residual 17 2494295 146723.2
Total 19 9725594

Coefficients

Intercept 3038.813
X, -1318.75
X, -43303.9
ANOVA

af SS MS F
Regression 2 6964630 3482315 21.44156
Residual 17 2760963 162409.6
Total 19 9725594

Coefficients

Intercept 2923.493
X, -1318.75
X, 7490.18
ANOVA

df SS MS F
Regression 3 9070906 3023635 73.89505
Residual 16 654687.5  40917.97
Total 19 9725594




Coefficients

Intercept

4017.542

-5308.75

2850

-56833.33

Relationship between X, Xf, X, and Vis

118

Regression Statistics ANOVA
Multiple R 0.943073 df SS MS F
R Square 0.889387 Regression 3 8649813 2883271 42.88263
Adjusted R Square 0.868647 Residual 16 1075781 67236.33
Standard Error 259.2997 Total 19 9725594
Observations 20
Coefficients
Intercept 3835.25
X, -5308.75
X, 2850
X, 21875
Relationship between X, X12, X, X, and Vis
Regression Statistics ANOVA
Multiple R 0.945245 df SS MS F
R Square 0.893489 Regression 3 8689709 2896570 44.73965
Adjusted R Square 0.873518 Residual 16 1035885 64742.79
Standard Error 254.4461 Total 19 9725594
Observations 20
Coefficients
Intercept 3725.875
X, -5148.98
X’ 2850
XX -3195.38




Relationship between X, Xf, X, X, and Vis

119

Regression Statistics ANOVA
Multiple R 0.939523 df SS MS F
R Square 0.882703 Regression 3 8584810 2861603 40.13528
Adjusted R Square 0.86071 Residual 16 1140783 71298.96
Standard Error 267.0187 Total 19 9725594
Observations 20

Coefficients

Intercept EWAPISTHASS
X, =5339.04
X’ 2850
XX, 605.2928
Relationship between X, Xf, XX, and Vis

Regression Statistics ANOVA
Multiple R 0.965738 df SS MS F
R Square 0.93265 Regression 3 9070578 3023526 73.85533
Adjusted R Square 0.920022 Residual 16 655015.9  40938.49
Standard Error 202.3326 Total 19 9725594
Observations 20

Coefficients

Intercept

3915.67

-56308.75

2850

-75918.1




Relationship between X, Xf, X22 and Vis

Regression Statistics

Multiple R 0.965756
R Square 0.932684
Adjusted R Square 0.920062
Standard Error 202.2819
Observations 20

120

Coefficients

Intercept 3974.608

X, -5602.75
2

X, 3060

X, -58333.3

Relationship between X, Xf, X,, X, and Vis

Regression Statistics

Multiple R 0.969417
R Square 0.939769
Adjusted R Square 0.923708
Standard Error 197.616
Observations 20

ANOVA

df SS MS F
Regression 3 9070906 3023635 73.89505
Residual 16 654687.5  40917.97
Total 19 9725594
ANOVA

af SS MS F
Regression 4 9139813 2284953 58.5104
Residual 15 586781.3 39052.08
Total 19 9725594

Coefficients

Intercept 4126.917

X, -5308.75
2

X, 2850

X, -5833.33

X -2187.5




Relationship between X, Xf, X, XX, and Vis
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Regression Statistics ANOVA
Multiple R 0.974772 df SS MS F
R Square 0.95018 Regression 4 9241063 2310266 71.52064
Adjusted R Square 0.936894 Residual 15 484531.3  32302.08
Standard Error 179.7278 Total 19 9725594
Observations 20

Coefficients

Intercept 4258.167
X, -5652.5
X’ 2850
X, -10645.8
XX, 6875
Relationship between X, sz, X,, X, X, and Vis

Regression Statistics ANOVA
Multiple R 0.965964 df SS MS F
R Square 0.933085 Regression 4 9074810 2268703 52.29165
Adjusted R Square 0.915242 Residual 5 650783.4  43385.56
Standard Error 208.292 Total 19 9725594
Observations 20

Coefficients

Intercept

4017.542

-5339.01

2850

-56833.33

605.2928




Relationship between X, Xf, X,, X, X, and Vis

122

Regression Statistics ANOVA
Multiple R 0.971244 df SS MS F
R Square 0.943316 Regression 4 9174307 2293577 62.40609
Adjusted R Square 0.9282 Residual 15 551286.8  36752.45
Standard Error 191.7093 Total 19 9725594
Observations 20

Coefficients

Intercept 4017.542
X, =5308.46
X’ 2850
X, -3585.54
XX, -45955.9
Relationship between X, sz, X, X; and Vis

Regression Statistics ANOVA
Multiple R 0.965756 df SS MS F
R Square 0.932684 Regression 4 9070906 2267727 51.95746
Adjusted R Square 0.914733 Residual 5 654687.5  43645.83
Standard Error 208.9159 Total 19 9725594
Observations 20

Coefficients

Intercept

3992.376

-5481.08

2973.094

-2414.06

-34192.7




Relationship between X, Xf, X, X: and Vis

Regression Statistics

Multiple R 0.969417
R Square 0.939769
Adjusted R Square 0.923708
Standard Error 197.616
Observations 20

123

ANOVA

df SS MS F
Regression 4 9139813 2284953 58.5104
Residual 15 585781.3 39052.08
Total 19 9725594

Coefficients

Intercept 4110.817
X, -5419

X, 2928.75
X -5883.38

X -21875
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NNSALASITRANMNDANDLLTILA UADIIAT LUNISLEARAINTHAY

Relationship between X, and T,

Regression Statistics

Multiple R 0.1856668
R Square 0.0344721
Adjusted R Square -0.0191683
Standard Error 17.463852
Observations 20

Relationship between X, and T,

Regression Statistics

Multiple R 0.9349647
R Square 0.8741591
Adjusted R Square 0.8671679
Standard Error 6.3047601
Observations 20

Relationship between X, and T,

Regression Statistics

Multiple R 0.1193572
R Square 0.0142461
Adjusted R Square -0.040518
Standard Error 17.645821

Observations 20

124

ANOVA

df SS MS F
Regression 1 196 196 0.6426522
Residual 18 5489.75  304.98611
Total 19 5685.75

Coefficients

Intercept 37.35
X, 7
ANOVA

df SS MS F
Regression 1 4970.25 4970.25 125.03774
Residual 18 715.5 39.75
Total 19 5685.75

Coefficients

Intercept 12.875
X, 587.5
ANOVA

df SS MS F
Regression 1 81 81 0.2601365
Residual 18 5604.75 311.375
Total 19 5685.75
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Coefficients

Intercept 38.5
X, 75
Relationship between X X, and T,
Regression Statistics ANOVA
Multiple R 0.766988 df SS MS F
R Square 0.5882705 Regression 1 3344.7591  3344.7591 25.718026
Adjusted R Square 0.5653967 Residual 18 2340.9909 130.05505
Standard Error 11.404168 Total 19 5685.75

Observations 20

Coefficients

Intercept 28.165957
XX, 402.40124
Relationship between X X, and T,
Regression Statistics ANOVA
Multiple R 0.1934079 df SS MS F
R Square 0.0374066 Regression 1 212.68474 212.68474 0.6994847
Adjusted R Square -0.0160708 Residual 18 5473.0653 304.05918
Standard Error 17.437293 Total 19 5685.75

Observations 20

Coefficients

Intercept 38.69849
XX, 101.47173
Relationship between X, X, and T,
Regression Statistics ANOVA
Multiple R 0.7251526 df SS MS F
R Square 0.5258463 Regression 1 2989.8305 2989.8305 19.962373
Adjusted R Square 0.4995044 Residual 18 2695.9195  149.77331
Standard Error 12.23819 Total 19 5685.75

Observations 20

Coefficients

Intercept 27.419492

XX 5932.2034




Relationship between X12 and T,

Regression Statistics

Multiple R 0.1739887
R Square 0.0302721
Adjusted R Square -0.0236017
Standard Error 17.501795
Observations 20
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Relationship between X22 and T,

Regression Statistics

Multiple R 0.9187755
R Square 0.8441484
Adjusted R Square 0.83549
Standard Error 7.016382
Observations 20

Relationship between st and T,

Regression Statistics

Multiple R 0.1104108
R Square 0.0121905
Adjusted R Square -0.0426878
Standard Error 17.66421
Observations 20

ANOVA
df SS MS F
Regression 1 172.1194 172.1194  0.5619073
Residual 18 5513.6306 306.31281
Total 19 5685.75
Coefficients
Intercept 39.057463
X} 4.6268657
ANOVA
af SS MS F
Regression 1 4799.6169 4799.6169 97.4945
Residual 18 886.1331 49.229617
Total 19 5685.75
Coefficients
Intercept 23.825147
i 5722.0039
ANOVA
df SS MS F
Regression 1 69.312377 69.312377 0.2221377
Residual 18 5616.4376 = 312.02431
Total 19 5685.75
Coefficients
Intercept 40.035855
X’ 687.62279

3




Relationship between X,, X, and T,

Regression Statistics

Multiple R 0.9532215
R Square 0.9086312
Adjusted R Square 0.897882
Standard Error 5.5280036
Observations 20

Relationship between X2, X3 and T‘

Regression Statistics

Multiple R 0.9425525
R Square 0.8884052
Adjusted R Square 0.8752764
Standard Error 6.1092986
Observations 20

Relationship between X,, X, X, and T,

Regression. Statistics

Multiple R 0.9736679
R Square 0.9480293
Adjusted R Square 0.9419151
Standard Error 4.169163
Observations 20
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ANOVA
df SS MS F
Regression 2 5166.25 2583.125  84.529596
Residual 17 519.5 30.558824
Total 19 5685.75
Coefficients
Intercept 7.975
X, 587.5
X, a
ANOVA
df SS MS F
Regression 2 5051.25 2525.625  67.66844
Residual 17 634.5 37.323529
Total 19 5685.75
Coefficients
Intercept 9.125
X, 587.5
X, 75
ANOVA
df SS MS F
Regression 2 5390.2574  2695.1287 155.05356
Residual 17 29549265  17.38192
Total 19 5685.75
Coefficients
Intercept 12.875
X, 464.48529
XX 175.73529

1772




Relationship between X,, X, X, and T,

Regression Statistics

Multiple R 0.9547595
R Square 0.9115657
Adjusted R Square 0.9011617
Standard Error 5.4385079
Observations 20
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Relationship between X2, X2X3 and T,

Regression Statistics

Multiple R 0.9474851
R Square 0.8977281
Adjusted R Square 0.8856961
Standard Error 5.8485425
Observations 20

Relationship between X, Xf and T,

Regression Statistics

Multiple R 0.9510159
R Square 0.9044311
Adjusted.R Square 0.8931878
Standard Error 5.6536329
Observations 20

ANOVA
df SS MS F
Regression 2 5182.9347 2591.4674 87.616564
Residual 17 502.81526 29.577368
Total 19 5685.75
Coefficients
Intercept 9.3234895
X, 587.5
XX, 101.47173
ANOVA
df SS MS F
Regression 2 5104.2574 2552.1287 74.611756
Residual 17 581.49265  34.20545
Total 19 5685.75
Coefficients
Intercept 12.875
X, 504.77941
XX, 1654.4118
ANOVA
df SS MS F
Regression 2 5142.3694.  2571.1847 80.441113
Residual 17 543.3806  31.963565
Total 19 5685.75
Coefficients
Intercept 9.6824627
X, 587.5
X’ 4.6268657
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Relationship between X, XZZ and T,

Regression Statistics ANOVA
Multiple R 0.936844 df SS MS F
R Square 0.8776766 Regression 2 4990.25 2495125  60.987958
Adjusted R Square 0.8632857 Residual 17 695.5 40.911765
Standard Error 6.3962305 Total 19 5685.75
Observations 20
Coefficients
Intercept 7.9305556
X, 865.27778
X, 27777778
Relationship between X,, st and T,
Regression Statistics ANOVA
Multiple R 0.9414614 df SS MS F
R Square 0.8863496 Regression 2 5039.5624 2519.7812 66.290778
Adjusted R Square 0.872979 Residual 17 646.18762 38.011037
Standard Error 6.1653091 Total 19 5685.75
Observations 20
Coefficients
Intercept 10.660855
X, 587.5
X, 687.62279
Relationship between X,, X X,, X, and T,
Regression Statistics ANOVA
Multiple R 0.9780154 df SS MS F
R Square 0.9565141 Regression 3 5438.5 1812.8333 117.31176
Adjusted R Square 0.9483605 Residual 16 247.25 15.453125
Standard Error 3.9310463 Total 19 5685.75

Observations 20




Coefficients

Intercept

X

2

17.6

395

275

-6.75

Relationship between X,, X X,, X, and T,

Regression Statistics

Multiple R
R Square
Adjusted R Square

Standard Error

Observations

0.9809564

0.9622754

0.955202

3.6613919

20
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Coefficients

Intercept

X

2

9.125

464.48529

175.73529

75

Relationship between X,, X,X,, X,X; and T,

Regression Statistics

ANOVA

df SS MS F
Regression <) 5471.2574 1823.7525 136.04214
Residual 16 214.49265  13.40579
Total 19 5685.75
ANOVA

df SS MS F
Regression 3 5398.8781  1799.626  100.37237
Residual 16 286.87194  17.929496
Total 19 5685.75

Multiple R 0.9744462
R Square 0.9495455
Adjusted R Square 0.9400852
Standard.Error 4.2343236
Observations 20
Coefficients
Intercept 11.984028
X, 477.58782
XX, 157.0174
XX 25.45633

1773




Relationship between X,, X, X,, X,X; and T,

Regression Statistics

Multiple R
R Square
Adjusted R Square

Standard Error

Observations

0.9856968

0.9715982

0.9662729

3.1769216

20
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Coefficients

Intercept

X

2

XX

1772

XX

2773

12.875

381.76471

175.73529

1654.4118

Relationship between X,, X,X,, X12 and T,

Regression Statistics

Multiple R
R Square
Adjusted R Square

Standard Error

Observations

0.9793729

0.9591713

0.9515159

3.8090522

20

ANOVA

df SS MS F
Regression 3 5524.2647 1841.4216 182.44847
Residual 16 161.48529  10.092831
Total 19 5685.75
ANOVA

df SS MS F
Regression 3 5453.6079 1817.8693 125.29358
Residual 16 232.14206 14.508879
Total 19 5685.75

Coefficients

Intercept

16.515874

388.43976

284.37177

-5.2766287




Relationship between X,, X,X,, Xz2 and T,

Regression Statistics
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Multiple R 0.9754726
R Square 0.9515468
Adjusted R Square 0.9424619
Standard Error 4.1494928
Observations 20
Coefficients
Intercept 7.9305556
X, 742.26307
XX, 175.73529
X, 2771.7778

Relationship between X,, X,X,, X: and T,

Regression Statistics

ANOVA

af SS MS F
Regression 3 5410.2574 1803.4191 104.73857
Residual 16 275.49265  17.21829
Total 19 5685.75
ANOVA

af SS MS F
Regression 3 5459.5697 1819.8566 128.73672
Residual 16 226.18027  14.136267
Total 19 5685.75

Multiple R 0.9799081
R Square 0.9602198
Adjusted R Square 0.952761
Standard Error 3.7598227
Observations 20
Coefficients
Intercept 10.660855
X, 464.48529
XX, 175.73529
X, 687.62279
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Relationship between X,, X X,, X,X,, X, and T,

Regression Statistics ANOVA
Multiple R 0.9899915 df SS MS F
R Square 0.9800831 Regression 4 5572.5074 1393.1268 184.53209
Adjusted R Square 0.9747719 Residual 15 113.24265 7.5495098
Standard Error 2.7476371 Total 19 5685.75
Observations 20

Coefficients

Intercept 17.6
X, 312.27941
XX, 275
XX, 1654.4118
X -6.75

Relationship between X,, X, X,, X,X;, X, and T,

Regression Statistics ANOVA
Multiple R 0.9859861 df SS MS F
R Square 0.9721686 Regression 4 5527.5074 1381.8768 130.98967
Adjusted R Square 0.9647468 Residual 1% 158.24265  10.54951
Standard Error 3.2480009 Total 19 5685.75
Observations 20
Coefficients
Intercept 14.333333
X, 360.31863
XX, 175.73529
XX, 2083.3333
X -29.166667




Relationship between X,, X X,, X,X,, X,X; and T,

Regression Statistics

Multiple R
R Square
Adjusted R Square

Standard Error

Observations

0.9883889

0.9769126

0.970756

2.95825642

20
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Coefficients

Intercept

X

2

XX

1772

XX

2773

XX

1773

15.010743

318.94874

220.60384

2282.5714

-61.021225

Relationship between X,, X,X,, X,X,, X12 and T,

Regression Statistics

ANOVA

df SS MS F
Regression 4 5554.481 1388.6202 158.67646
Residual 15 131.26902  8.751268
Total 19 5685.75
ANOVA

df SS MS F
Regression 4 5587.6153 1396.9038 213.51831
Residual 15 98.13471 6.542314
Total 19 5685.75

Multiple R 0.9913326
R Square 0.9827402
Adjusted R Square 0.9781376
Standard Error 2.5577948
Observations 20
Coefficients
Intercept 16.515874
X, 305.71917
XX, 284.37177
XX, 1654.4118
X, -5.2766287




Relationship between X,, X X,, X,X,, X22 and T,

Regression Statistics

Multiple R
R Square
Adjusted R Square

Standard Error

Observations

0.9874795

0.9751158

0.96848

3.0712136

20
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Coefficients

Intercept

X

2

7.9305556

659.564248

175.73529

1654.4118

27777778

Relationship between X,, X, X,, X,X

127 7 "2 8

Regression Statistics

Multiple R
R Square
Adjusted R Square

Standard Error

Observations

0.9864319

0.9730479

0.9658606

3.1962803

20

ANOVA

df SS MS F
Regression 4 5544.2647 1386.0662 146.94808
Residual 15 141.48529  9.4323529
Total 19 5685.75
ANOVA

df SS MS F
Regression 4 5532.5069 1383.1267 135.38553
Residual 15 153.24312  10.216208
Total 19 5685.75

Coefficients

Intercept

X

2

14.323866

348.67953

175.73529

2316.1163

-449.95839
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