=) = a1 o w A J v dy a a A =
L‘l]'iEJ‘]JL‘V]EJ‘]J’J‘E@]N”]Gluﬂﬁﬂﬁ]ﬂ%muﬁ‘]ﬂﬂﬁn‘uuwuN?Iﬁﬁ%ﬂﬁuuﬂlﬂa—IﬂimﬁlN

unansulien Tassamga

a a yr:,‘ 1 § [ a a Y] a
InerinusiiluduniisvesmsansamundngasiSyaninemansuninda

J d

MuIMuansIvlszary  MadMuanssvlszans
AMZTUALNNIAMAAT  2NaINTAINNIANGSD
Umsdnu 2548
ISBN 974-53-2827-8

4
ﬁ‘lJﬁVI‘ﬁle@Qi]qWWaQﬂiilfﬂ‘ﬁTJ‘l/lfﬂﬁﬂ



COMPARISON OF CLEANING METHODS FOR TEMPORARY CEMENT ON NICKEL-CHROMIUM
ALLOY’S SURFACE

Miss Pranpreeya Chaiteerapapkul

A Thesis Submitted.in. Partial Fulfillment.of the Requirements
forthe Degree of Master of Science in Prosthodontics
Department of Prosthodontics
Faculty of Dentistry
Chulalongkorn University
Academic Year 2005
ISBN 974-53-2827-8



ar B e =y g =i el ) o e o -’i‘ =

adeananiinug WRaueLAgse lunsidnfwsidaasauuiuiiolaneuan
- = =i
tnifa-Tasidlay

Tne wnamlsufEen lagsnwna

@113 uanssnseing

fﬂi‘ e La = e ar &
a1anseiinm e9ANARINAN T unuwndudadasdad oyAs
219738 ndaN HiaemansIansd MununntidTosna wakating

2
AUSTUAIIEAERT I INT i aNEaE ayiR IhiLane dnusaru iy

douniiagedn1sAnAINUANg AT o AILIINA

.............................................. ALLAANIZIUAUNNEANART

(Hanumanzasisel iuawnnewiagann @3

df

ATUZNITHNITADLINYIIWRE

(s03A@hT1ANTel FUAUWNE A9.quNe1 WuHIREIF)



Unalsor assnmna Soudfioniiian lumsmiaduudns uuiui Tangua
uniNa-Iasiiiey. (COMPARISON OF CLEANING METHODS FOR TEMPORARY
CEMENT ON NICKEL-CHROMIUM ALLOY’S SURFACE). 019158113011 :

ANy Br5170d Yafs, ormsdiuSnunsaw : aeanatasned wadadad 102, 1SBN
974-53-2827-8.

¥
= o

et s e -.‘; - et o o o & =y ¥ =
M3t IagUszasamesuiiunaiinsMiaduuazing 5 35 (hweezgiivu
o T =1 9 1 o @ o o=y ) '
pon laauuiaso luaseuw nhllaufivuaso lunseu nrasazaroidaduuasywnaouiu uy
o_o o o o =] 1 aa o a1 W ana =
msazanefinduudioauoufns uaziiadsdnmaloyasanisFusiatiuddnlfiseunil)
A o w oo o = o o & ot - o o et LAl 1t =
iesinduddingi 3 et (Fanoen leagiuoadnug denoon laadmudn lillgdvea uay
= [ =1 ' o oo a ] a a
unasoy laasen lod) Jannundnssussustamonszu Nussuduuanu lavsvasnauiinia-
! 4 o o o e
Tnsifiow Tasmdes Tavgnaenauiiuginsanszuenduiugudnate 7 Tadwasiaz oladmns
o ] 1 1 a o o e =, 1 (1 Ay i '
$1u980q nazuvuilu16ngu naIIIAFINUATINTIAIEITANY quiuTansndonduduriy
o a o ] . (=" o & o = o A
guinan7iadwasNnusasnuanTzRmdnsesensdaa Tasa Tntluuunsyarondsniume
o ‘g & a 3 o .: 1 3 = g =
asvesnlsznovvessquuiuAnulaenutaslyl sintuniduTavsnaenauniuatadosdu
o . & ' ad & <
Fuuanazuminau lueNnIUAURUHAN N3 TN aIFo 249 11 NATBUANUUTILT VDT
= A L1 A o o - o 9/ t-el
JANDUAIUIATBINATDUAING LAANHIA NHAUEMTUANTNVBATTUTIUALAE TansHANA8IATDY
oy o ‘: 1 J o A L-] : ar 4 Ll
w993 19 lu Insa Ial whdu Javzndenauuinssuiuiuieiadamsnaaaud19d e 19 1aa
o - & 1 1 1 3/ = o 5/
AUV IVOWTWARDU20AT IHAazngy 1Fmsamszanulslsiuaeanauas
=Y =Y H o o [ ] [ =W o
nSeuifeudidouditdsunueu Hszauivdna 0.05 wud n1suhnezgiiueen ladeyniaso
A oo # d =t = a1 U = 2 M ' -]
lunseuieiinganonn ladgiuoadmuadenaliminnuidussvessWamouganinmada
9 1 as = = " o - - d'i o o a 4 o n':; fed o
fwdnumaleyasanisFuriatindidaljisouninaziloniadenoon laadumuai hifigiuea
] =1 o 1 - 1 1
Mmanuuiwswslswamoundinsnhnsezgivueon ladeyniaso luasougendinsus
o w ot @ [ = o ar v o W - o 1
msazanwiiaduudsynasuiueddiiod vy nasddaunadonleasenlad nisuhwe
- oo o o ] o o 4
pzgiiiueanludeyninso luasen daudleyninsolunseu uaguraisazatotiadwudien
o a o [~ = = ci 1 1 o o =i o=t o
HOUADTS IHAIANNUTIT RIS WA UM ATEINTIMSUFTITazawi Taguasyinaouiu

o 9 1 aa = = W aaa a1 A ar
LagNIaa e uiva 'Jﬂzﬂ‘iﬂﬂl.‘.i‘}ﬂ!‘ﬂuﬂ‘iﬁwlQﬁﬁﬂﬂgﬂiﬂﬂﬂuﬂﬂwﬂuﬂﬁ1ﬂﬂg

= ar = A =y
M Wuanssulseang awilo¥olda.............. #‘.T?Tﬂ.%" }7”‘%“’?“

= ar - o =1 d:l Je{ =1
@M nuanssulszAvg Auilo¥o01915NUT NI, ¢
4 ; ;
Umsdnwr 2548 AT 115N ANIT N




##4576109032 :MAJOR PROSTHODONTICS
KEY WORD: SHEAR BOND STRENGTH / CLEANING METHODS / TEMPORARY CEMENT / NI-CR ALLOY

PRANPREEYA CHAITEERAPAPKUL : COMPARISON OF CLEANING METHODS
FOR TEMPORARY CEMENT ON NICKEL-CHROMIUM ALLOY’S SURFACE. THESIS
ADVISOR : ASSOC. PROF. ISSARAWAN BOONSIRI, THESIS COADVISOR : ASST.
PROF. SRIVORAPONG PONGSATIT, 102 pp. ISBN 974-53-2827-8.

The purpose of this study is to evaluate the effect of five methods (air abrasion with 50 microns ALO,
, air abrasion with 50microns glass bead, immersing in cement removal solution Removalon-I,
immersing in cement removal solution L&R and removing with liquid of autopolymerized acrylic
resin) of removing three temporary cements (zinc oxide eugenol cement, zinc oxide cement without
eugenol, calcium hydroxide). Shear bond strength were determined between resin cement and Ni-Cr
casting alloy. Casting alloy cylinders(7 and 9 mm diameter,80 pairs each) were divided to 16 groups.
After temporary cement were removed by each method, the 7 mm diameter of castings were randomly
selected from each group and the changes in surface composition were evaluated by energy dispersive
x-ray spectroscopy. All pairs of casting were cemented with resin cement and stored in water bath at
37°C for 24 hours. Shear bond strength were determined with a universal testing machine and the
castings were inspected under a stereomicroscope to determine mode of failure. After the first test of
all Ni-Cr alloy casting, they were thoroughly reabraded, rejoined and tested as before. Twenty strength
tests were performed for each group. A 2-way ANOVA was performed, and multiple pairwise
comparisons were completed with post hoc Tamhane test (OL=0.05). Air abrasion with 50 microns
Al O, for removing zine oxide eugenol cement resulted in significantly higher shear bond strength
than liquid of autopolymerized acrylic resin. When zinc oxide cement without eugenol were removed,
the shear bond strength after using air abrasion with 50 microns was significantly higher than after
using cement removal solution Removalon-I. After removing calcium hydroxide, air abrasion with 50
microns AL,O, and with 50 microns glass bead and cement removal solution L&R - resulted in
significantly higher shear bond strength than cement removal solution Removalon-I and liquid of

autopolymerized acrylic resin.
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Breeding LC HazAaig ,1992 M1IMINAG0ULIIANTEHI51ARNADS-IUN (Core-
o o A { o /3 . . 4
Vent) nuasoufluimiosnn lavgwauiaaudouosisuaga (high palladium) 1iiodaaae
a S a o a A ~ <. a < 7
FuuATIATIAT 3 Wila Ao 1) uaaiFon laason lud Life (Kerr Mfe.Co.) 2) Fanvon loag
= [ a Jd Jd A ~ 4 [ = o
uoadauasIRM) 3) Faneon lsagiuoadiuua (Temp Bond) HAINATOUIITIAY 1IATOU
[ [} o o 4 o
Hlunazilundnnniisuusluasazaresidadmudsywinaeu-1 (Removalon-1) Tunse e
o a I =+ 3 o Y 9 9 A Y 1 ' o w
ANNazo1noand1 latin 1dunar s wim 10w 1 tazasatea e liuilanaa
=~ 7w Y
FuuasIns 1 laviua
Ramp MH 1azaAse ,1999 nagaunsisaszreilundnindisnnuaseuilusindle
o = a J . . A o dgl Yo A S o a
Taviznaunaaufeu-Fanes (Palladium-silver) NMUUNN 1FNUFNUATINTII 6 FUA (Neo-
. g \ .
Temp , Temp-bond , Provilink , IRM , Prototype 11l polyurethane LD Neo-TempGl?f releasing
o 9 2‘ o 4 9 =2 a ~ 3
agent) Ao UTHNNFE1 TasrhnuazeIARI8ANUTOUDIGUNYN 600 DA AT iU

) £ A o v a J o o vy A a9 1 [y
a1 %ﬁiﬂﬂﬂﬁﬂLW@ﬂWﬂﬂcﬁlﬂJu@]@@ﬂ uazu1"lﬂ‘1/1ﬂmﬂuﬂqmwnuﬁm !Lﬂ)’ﬂﬁ'ﬁ)'ﬂwuiu
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o w A (&) A o @ Aa g =
miazmﬂmﬂwmumswgaa@u—1 Glumi’ammmmzmﬂaamﬂ«mmﬂunm 30 U e
[} 3‘ M) .. A o [ a o = Yy <
!LﬁlfcluuTﬂﬁu (distilled water) Glumﬁmmmmﬁzmﬂaamﬂwum‘ﬂunm 30 UIN LANBADDN
Y Y o 3 0 ' Y = 3
A2uRNBY 1N UL Y 1aNLAZATINNIEAIDNATY
. o o ¥ o = J 3 4 2K o o
Dixon {agaAte ,1992 mm@‘uﬁlummﬂamwamwammamﬂaimuﬁ AN STRIAY]
o = Y = J A A a d = J a J Ao .
HANTINNYY AWHKLUUA 3 BUR AD FIANOANATIUUA (TFUFINUA 2 VTEN (Resimentttay
A A = g’ [ 9 A a = Ja v o o v A oA
Core paste) Wollmsganso Ul ﬁﬁﬁﬂﬁi%!ﬂi@d@uﬁﬁiﬂuﬂﬁ HIININITNIIABINUAN

a

Y A v A A o o 9 A 0 s
ANANUUANINIYLATDIUDNINNUANTITY mmmmmqmwgu 1125 Wmu"law L“]J“L!L’Ja'l 1
Q'J d! 09: 2K o 1 o w A o d’ o [
w1 Tuen3e ntudah llusluasazaeiinadundiynaeu-1 luasouhnnudzoinoa
a I =
a31 1 Hununat 30 win
) Y L A A =K o [ =1
Clayton GH ttazani ;1997 11aseuiuimhnienessian 3 sany duraniininaw
[} 4 a 3 - .
15513 (CeraOne) AUTUUA 5 BUA (Vitremer , Fuji I, Temp bond , Zinc phosphate (182
o o v A 4 [ 4 a 1
Panavia) ‘Lﬂll1fﬂ%ﬂG]lelLlﬁfi)'ﬁ']ﬂﬂ'1EJ'HﬁﬁgﬂLlﬁj’lﬁﬂﬁ}ﬁﬂlﬂ?ﬂﬁﬁuﬁﬁiﬂu Gslj'lflﬂTiLL‘]fEluﬁﬁﬁ%ﬂWU
o v A o A o o a I~ A o o Y 9
m%wmumyjﬂnaau-l Glumsmmmmﬁzamaamﬂmumﬂunm 15 U N 1!11111’1111/71,1,14\1
1 9 4 d‘ 24 o/ 1 o w Y =X U a o 4
Llﬂ%ﬁ@ﬂﬂaﬂﬂﬂqﬁ‘ﬂiiﬁu!W@ﬂu&u’)WﬂWﬂﬂ@@ﬂWNﬂ LLﬁ’J%\?LﬂTWQﬂ%ﬁN Mﬂ@ﬂllcliﬂ"lJuW]’E)lgﬂWﬂ

U

1 oy o A o [ a I = o Yy 9
50 lunsou uazualwihnauluaseainuazeaoaas lasinidunal 5 wiinazi lduit
Ao 0o A o w A ¢ A ) Qy (Y 1 v 9 1
UINBVDY Akea K tazany 2002 HITMIadmuaeisudiedianay 11149 vl
Y
¥ UABINDY Dixon ATAMY ,1992 71 Clayton GH HagAME ,1997 Tagduiuinmg 2 33
[ U Y amas A A slay (% 0 ay A = 1 ~
fanan udshadilszansamlumslssudisaias Taen lulinanssnuaeanuieins e
MUY
QU 4
Michalakis KX tiagaaie ,2000 ANYINTTVUTIVOIFINUA (cement failure load) Y94
S @ a a ] %
FuuATINT1I 4 ¥ila Tuauilu)aoudauiinseasunsnlesinfen (implant-supported fix
. Y ~ J . @ v v [
partial denture) 1ag1H5 1A NINUVDULTUIULITN (Branemark implant) 2 Auae 4 @2 nulailu
YaouAaUUY (fix partial denture) 2. 4aZ 4 WY (unit) MNAIFD Nide Tanznaunes-ia
= s s . ¢ A a o o IR A 7w A
a1fen /o3I uAgY (high gold—palladium alloy) 1euaanuiluing sasuuatIng17 4 ¥ila
Ao 1) ImProv (Steri-Oss)-2) Nogenol (GC America Ine.) -3) Temp bond (Kerr) (481 4) Temp
Y] = Y X o o 1 a | AA =) a
bond NE (Kerr) Iagnaaninnaaounsinddl vaiilulasuinsaiuaauiunisinieuaa
1 ] A o Y] A Ax 3’ Y =) 4 .
aglaluniouinnuazeindans1 IainNNIIa1NFHNUA ( L&R Manufacturing Co,
I o 1 o o 4
Brussels, Belgium) 1iurat 15 it i lduds uazasivgiiemnsidadmudonn lanua
1 a A 1 { 1 Y] 4 1 1
Tuailulasuuedruriadauiunld Tanenauswnunesaau dauluglu
Uszmnalnels Tavenayuiinna-1asiHey Craige RG 1ag Powers JM ,2002 L1991
4 { a [ a a Y [l 1
pensznouniinTien (beryllium) tag lutiwsidon Tanenaustatidiulvajlsznoudae

HniNa(nickel) 60-80% IAtHEN(chromium) 10-27% 482 INAUANU( molybdenum) 2-14%%28
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A <3 Yo Ao aa = aa [ = a o
LWlJﬂ’J"I‘JJLLﬂNLLiﬂ‘Hﬂ‘UIaﬁ‘ZWﬁN Tawzwawmmzaﬂn UUTIagN 98¢ 1.6-2.0% U 2UUY

U

o o = < =1 =1 aa = =1
Msvou Inuoad nouas unden man wemile Tulediey Faneu Ayn Innudley
= a Y o A 9 [ a a = A 9 Y] 4
wag o lattley USuaties msusuaziteenilulaviznauiinna- Insweuilslununes
4 Y] 1 4 o { a )
arauiamsutunuiludasuuiediuasa la iesnnasusunuinnu 1l a2 1% Tang
<3 1
Nauuvaazlszae
a a < v [
Tangnautinnia-Tasdeon 1A2W0A4 (hardness) HagANBAKgU TuQAT (elastic

1 a0 ldgl d‘ =) 1 :Il
modulus) §4N1 Tanziia (noble alloy) meugﬂ (cast) a1y UAA (solder) ¥INNI YUADU

4
v o

o v Y ' a o A = S ] o . .
MIMFUFDUNI INT 1M svad udouldeuTluueaas (solidification shrinkage) g4 A9UU

o Qy Y AR o 9 [ Y W 1 A A a [ A a
ﬂ’li'i/]’l“]fuﬂ’luiwwaﬂﬂﬁﬂ'lllﬂﬂ'lﬂ ﬂ?ijgjﬂﬂ'ﬁﬁﬂwﬁqﬂ FJU‘VITE]N\TV]!ﬂ@ﬂ’]ﬂﬂ’lﬁmﬂIﬂ'ﬂgmulﬂﬁ

v
v o

~ a Aa I [ Aa s [T Y I a ] a A v
oy wazinnadudiulsenony pave wiaen dnhlddurimisusnunduiao gy
.. = [ qs: [ :I’ =2 = A 1 &%
(contact dermatitis) 9UDIDADNAVUUTULTI AUIIAITNTEVUNTDIDIMANG HATlagiiv
Y a a =\ aan =~ Y A [ 1
M3 15 Tangweauiinna- lasdon-waaizondiuud 1HNaaas (oINMAHAAINA1)
A a o ' 9 9 7 a = o Y Ay
Hnina Urademsun 013 1y lavenaulavoad-Iasiien savnangaunugienum
unina
=\ Ao = @ = dy a A a = A ) 9
HOUITeHAeNEINUMIAToNN LAV TansHauinna- Iasdiey Ny
I 1 A A 1 { a o o a
Wuilulasuureduyiiadaudungaaanuiluyanddei3Ey (resin-bonded fixed partial
' =< v A A s A Y = )
denture) NOUMITIAAINIFUBIUUA 10 11115 BAGIGA Coelho CMP tazAdE ,1996 1%
ax = a a a = At A 1 Aa o 4
M3 ouad Tavigwauinina-1nsdien 535 Ao 1) 1hee ozgiiuosn lad vunaeynia 50
Y] SR B A 1 <3
luasou anuau 75 Uoud Fuiluisuiasgiu 2) whudauia (glass beads) YUIABUNIA 50
U 1 Ao J U <3
luasou  3) nhdedrunauvews ozgiiivoon ke vinaeuma 50 luasou waziluiia
Y v 1 Ao I =\
ufvaeyma 50 luaseu oasidau 1:1 4) meansazareiianuunsa TnunmFon
J . g‘ o S ~
oFUNINUUA (potassium permanganate) (H,SO, In81111iN1% 18z 3%) 101812 w1 5)

1 a o 4 1 o 4
ihweozgiitivean led vunaunia 50 luaseu sounudisazalonse TnundiFeunlosuna

v
S 1 =}

IS =< 9 A dad L a A 4 . 1
NUUAN 10 % 11141987 2 WIN PBUNILIAAIGNINNIYTDLONFITHFUTINUA (Panavia EX) WU

[

amay 1 1 o 1 Ao o 9 Y < Y 4 Y
nﬂﬁﬁulllllﬁﬂﬁTQﬂu@81ﬂiJuﬂﬁ1 3] EJﬂL'J‘L!ﬂTiGl"]ﬂilﬂuﬂ’J"U‘L!'lﬂﬂlgﬂ1ﬂ 50 "lmi@u “INGL‘VT

g

o A

AMTIIAMNgR

Y Y
Diaz-Arnold AM HAZANY ,1996 (ATENNUAIFUAIDE Tarenauining- lasileu-1

S1aew 91nM3E TueINIA (air fired) SUARUHAN 650 DI UTATYA IUD 1000 DA UTAITY A

uazagld 1ud wazwnlugyme (vacuum fired) Moldanuaugyania 71 Taamas

1 o 1 a o J a o J
son 5’Jllﬂ‘]Jﬂ13!ﬂ1W\1@$Q3Ju3Jﬂ@ﬂll"]5ﬂ VUINBYNIA 50 llllﬂi@l! I1ag W asqu ﬂ@@ﬂvl“]ﬂﬂ
' 2 ' Y 2 o KX°— v Y S J == a
VUINBUYNIA 280 vli]ﬂi@u ‘ﬂ‘LlLL‘]JQUlﬂ 9 NN HAIWIUIWYANUAIWNIUUIYT 21 NHLTHU

= J . . awv 1 £ 1 9 a o J
HIWUA (Panavia 21 TC resin cement) ﬂTﬂW'(NTL!’J%fJﬁTLlW1!Qﬁﬁ;ﬂ’J']ﬂ?ﬁﬁlclmﬁﬂﬁgmull@@ﬂul“ﬁﬂ
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o

[ a 4
YAOLNA 50 luasou wisuisuiumiezgiiivesn laduinaeynia 280 luaseu vua
~ 1 ] A a o Y = A dy a 9 ' A kY Y
ﬂlﬂﬂ@iﬁﬂﬁlﬂﬂiﬁfy‘ﬂ'J'l(ﬂzlﬂaﬂi’)zail‘Llll@ﬂﬂ”lﬂ@ﬂ"lf\ﬂﬂﬂﬁ\iﬂﬂlﬂﬂuﬂuW'Juf]t’lﬂ')’] AN IENany

a bl

Jansseniyiladens AN IINAUITeaARREINU Kern M 1Az Thompson VP ,1993 9

o

J 4 U a o a a a
WUN Lﬁmﬂmmzau Nﬂﬂﬂul"]fﬂsllUWWt’)lgﬂTﬂ 110 llllﬂﬁ’l’)‘u AUUAIVD JavgHaunng-

u

Aa o 9 [}

1 a o
Taslewvszmaosgiiinanaanniims Idmeezgiiiuesn laavunaeynin 250 lunsou
Petrie CS uazae 2001 149ansanalane (metal etching gel) H91/52n0UAI0 AIA
laTasnaosn (hydrochoric acid) 12% tiag N5A1UATA (nitric acid) 4% (Met-Etch®) Nl
=\ a a a =\ a A A aw Y a o
T Tavigwantinna- Iasleu-lSIaey (Matech®) MUNUTENAHAATIHUA
IJa A a a a = a s ax
Watanabe F tazaaie ;1988 193503 suin lanenautinina- Iasileon-uaaison 2 33
1 a o 4 [
Ao 1) 1hre ezgiiinesn lad vinaounia 50 luaseu 2) nansadenszud T (electro-
etched) 11 Tasuslunsasailasn (H,80,) 10% Tag5uas nuwsiuea (H,S0, 50 Nadans
a aa 3’ ) a aa 4 9 J 1 1< .
,CH,OH 60 Jndaans waz1nau 500 daaans) 19aT0In2ua 1011 aitian (magnetic
R Aa a | o A o [ A Ax
stirring) nyzua Wi 56 Tadueuil ihnnwazeinluniesininnuazensansi leinninga
TaTasnanin (hydrochloric) 18%
M5 VIUIVBVDE Bona AD 1@ Noort RV ,1995 711 Hooshmand T tazasie ,2002
o = a a a = Y U Aa o I'4
Mmsasouid Tavzwautnna- Tasdiey 2em3i0me 0zgiiinosn led auiaeyna 50
Y 0 . v
luaseun wazihanuazoingeinauhunsesmanuazoindansi lsin nounaziiilave
4 a qu‘ P o w 2] { o [ g a
Tl (degas) o Tinaduoen lsaiiadestaz ihiadnisnuas Manidseguunui
] Y > o [ o o 4 v
wumalalasu Fee19si 1 lidesta lane shinnuazeindlenies H3enmste (Naylor

2 [ P4
WP ,1992) wagiiusedii Toiilf (opaque) tiaZintifit (dentin) 1o Yu 31 wo s aran
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Y] w d
ANHAUTMIUANTINIZHNUTBUBNUANDZ ] arizviaoNad (mode of failure between resin

cement and casting alloy)

a o 9

A ) Qy ] 1 1 = a A J Y o
LN@HWGKL!@]’JE)EJNIﬁﬁ%ﬁﬁ@ﬂﬁuﬂﬂﬁﬂﬂuﬂ’JEl!i“lfu“IflﬁJumLﬁ’Jqulﬂ‘VIﬂ?f@Uﬂ'ﬂiJ

< o w 4 o Qy o [l { @ [ )
HUILTIVDAULTITANBUNTDUTITAMAINTIAG (DTN FUAIDINNUANKNDBNIINNU WIF15ID

Y
=3 Y

a 4 1 ] [ @ (%
WuWﬂﬁﬁﬂﬂa@ﬁﬂa‘ﬂiiﬁu W‘]J'J'lﬁﬁJ'l'ﬁﬂL!Uﬂzﬂﬁﬂ‘ﬂmgﬂl@\iﬂWﬁLmﬂﬂﬂﬁ]'ﬁ)ﬂulfg]} 3 aﬂymzﬁa
Y
o 1 1 a a o
1. ﬂ'lilmﬂ?‘iﬂigﬁ']NﬁfJElﬁ’fJﬁuW'J"U@\‘]Lﬁclfué?ﬂiluﬁﬂﬂiﬁﬁg (adhesive failure)
k4
] Y a 4
2. MIUANHn IUFUVDUTEUTBNUA (cohesive failure)
% us/‘ a 4 1 g a a &Y %
3. ﬂ"lﬁllﬂﬂ“l"iﬂalusb'u‘ll@\‘l!5“]511!“?5&111!@]Llagiﬂﬂﬂ@ﬁuN'Jﬂl’f)x‘]ﬁ“]fuéliﬂiluﬁﬂ‘UIaVWWﬁ'Nﬂu
(mixture of adhesive and cohesive failure) N3IOMIUANT ALLVN Y (mixed failure)
. Y 1 2K o Y] 1 Y A LY a d? d' 1 [
Oilo G, 1993 "l,ﬂﬂﬁTJﬂQaﬂngﬂ"ﬁLMﬂﬁﬂ'ﬂ DIUNTUADUDUAAVUNTDYAD IS IN

L a2 Aq Y Y 3 = 00 o = A
Wum%mmﬂﬂum‘mwﬁau Llﬁﬂ\‘lclﬁlﬁuﬂ@ﬂ?’]lﬁn!ﬂutlufnﬁ‘ﬂﬁ‘]J‘]Jﬁq\?ﬂTﬁ"]ﬁJLLWH3'(’)

v
=

[ Aaaa U Qy 3 Sidd? 19 A % qﬂlj (% 9 A Qy
ﬂiuﬂa;a‘ﬂz;]ﬂimszmwwmmmam"lwmuzmmuﬂmmﬂwﬂmﬂaluwmw“lwvammm

a

Y
I a

nageuLdaI MsimsUsudsnamnianumenwvesiganlfnsouiurununadou

q

a d A A v A oW d = [
ms3m‘;w11ﬁ1qmmuw:ﬂamwauﬂ:mm‘;maanmsamﬂnimaiﬂﬂamunszmﬂwmam
(Energy dispersive x-ray spectroscopy)

A s & ~ o . .
nsovenmsdanlasa latiuuniZaena 191U (Energy dispersive x-ray
spectroscopy) Kern M 1aig Thompson ,1993 ; Diaz-Arnold AM LiagAdle ,1996 EPTRNEALY

av § a J J a a A 9 o .
N1 L‘I/d‘l’f)’lllﬂiRﬁﬁiﬂﬂﬂﬂi%ﬂﬂﬂ‘ﬂﬂﬂ‘mﬂﬂuN’JT’G‘I‘H%N@'NHﬂLﬂﬁ-IﬂiLﬁﬂﬂJ @11 3U Mojon

o 9 v v o A Jd o = [ A
P uagamue ,1992 winlgnvezdany wiswensisdanlasa lnduuunszorenasiun

[ v [ 4 1 o a o Lo 4

oenasau Iaoulumsnszquidond lde lanSou Ao bivhlminesidendeoriio

]
v =

A Y Y o ad A d 2aa oo s a a
mmumsﬂizs{]umﬂmmaﬂmau FAUUTUNNAVHINUNYIIITDNBNLINAVINNTTNT LA

o 9

Do

J 3 v o J Y
MU (FUNUD NANII,2541) @NE‘LI'V] 2
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[ SAMPLE
A /\\
3 Q-
v \\ < o
/xo\é\ A I
\ SN AMPLIFIER
N e s
BIAS ANALOGUE - TO - DIGITAL
Votmee | [P OGS IREE ™ |

MU_TI CHANNEL
— ~ ANALYSER e

I_Ci'-\THODEJRﬂY -
SIS0 | / N [eowu]

DIGITAL
rRINTER { RECORDER

51 2 uuisdnlszneuliunseaendisdmilnlnsalailuuunszaendany

]
v W d1 A

(= oA 9 Qy @ 1 Y Ao o a . . I
i\iﬁlf’)ﬂcﬁ'ﬂﬁgﬂi’)u@@ﬂlﬂi]'lﬂﬂﬂmTJi’)EJN"lI&GUWIhJVIﬂ'J'JWD'uﬂ Si(Li) (Lﬂu@'ﬂ]aﬂymﬂﬂﬂ

9
1] 1 9

< [ @ a J o w a
1FunuUFoIAnUe lithium-drifted silicon detector) FIADNUIZULLBUNA 103 W TA%iiatl
Y ) o < & = o q ¥a . ~
#0114 luTasmumariinnuduaasa moaaideduazyin liinansuen (resolution) N

o [ a d Aa a
Manzeay Auanlumsuen (dept resolution) 1 — 5 luaseu §1msumsIaeiFlTu
Y

Y Ay v Y A a 7 A o a A& a o a 7 a
"UE]?J“a‘V]l‘lﬂﬁlgL"’IJ'ILﬂ5E]Qﬂ@MW?LGIE]iLWi’Jﬂ1u’JmﬂiﬂJ'lm"Uﬂﬂ‘ﬁ1 ANWUHNI IR TUNITAUATIS LB

o < o w {
A uauedoyalugiliin (peakyiluday gia 3



17

cps
I s e T
s0—|
1
1
* ]
1
a—|
3
20—
l\!i
‘3
10— A 1
Ne | i
3 ¢Ni A
e |}
o Mg TG -
0 S N AT M A Moo Mo
0 5 10 15

o0
Energy {keV}

3 ¢ A d ¢
gﬂﬁ 3 !!ﬁ’ﬂ\‘igﬂﬂiw\l‘mﬂﬂ"lﬁa!ﬂi1$‘HfﬁWJGQ'II'JEJ!ﬂii’N!’0ﬂ"li!iﬂﬁ!ﬂﬂiﬂiﬁiﬂﬂ!mﬂﬂi%ﬁnﬂ

AU

< [ ] ogj [ o 1A
TagunuuodUNaIIN wie keV, uAUALlulUAeIUIN (count per second)
A o ~ ' = & 4 ~ Y 7 %
Tﬂﬂ‘nwawmmmwmzueﬂ’mﬂu‘ﬁm@z”l’i : wu1/1mamewaﬂmumumﬂmwu@

(weight%)
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1 4
Faanldlunsnaaesil ldun

[u——

Tavgwautnina- Insiey (4all , Ivoclar North America Inc, NY, USA , batch number

564048) Usznoudie Hnna 61.4% Iaziilew 25.7% TNaUANY 11% Fanou 1.5%

wMie <1.0% ozgiin <1.0% A5 <1.0%

2. %ﬁﬂﬂéﬁ)“ﬂﬂﬁ’lﬁ%ﬁu (blue inlay wax)

3. TS waus FUF S (4-META resin cement) (Superbond C&B ; Sun Medical, Kyoto,
Japan)

4. winzgiriueonled vinaeya 50 lunseu (HI ALUMINA ; Shofu Inc, Tokyo,
Japan)

5. fiaudn wuiaeynia 50 luasew (GLASS BEADS ; Shofu Inc, Tokyo, Japan)

6. mﬁazmﬂﬁﬁﬂ%muﬁ?m\lnaau—l (Removalon-1, Premier Dental Products Co,
Norriston, Pa , USA)

7. msazaneiIaFuuALealauA1s (L&R Manufacturing Co , NJ , USA)

8. oATANEFUBLALUNAIAIGURNToIMUAT ( self-cured acrylic resin) (Unifast Trad, GC
Co., Tokyo Japan )

9.  FaroonleAgIueaBuud (Temp Bond ; Kerr, MI , USA)

=

10.  Faneon ladduudn liulieiuea (Temp Bond NE ; Kerr , MI, USA)

11.  upatenlaason’lyd (Dycal’ Dentsply , DE , USA)

2. mianduideriiizassnatsnnaduiuguinand s daamuas
13.  ¥io#E (PVC)

14, N3ZAILNTIONIDT 400

(%

Aq Y ) o P g 1 @ o A
'Jﬁ@]ﬂsl%sllmﬁﬂﬂa@\i o 4 -11 @NE‘IJ‘V] 4.5 ﬂﬁﬂﬂi$ﬂﬂﬂﬂl@\‘ll!§lﬁ$’)ﬁﬂ ANAITT NN
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1.

GmbH&Co.KG, Singen , Germany)

MA, USA)

m?mgﬂmﬁmﬁuumﬁma{u (PenBlaster IT, Shofu Inc , Kyoto , Japan)

1AT9IMANNEE I anI1 TN (Elma TP680DH, Elma-Hans Schmidbauer

IATDINAADVAINAYHADUANTOU (Universal testing machine , Instron8872, Instron Co,

A s & = 1% . .
insevendsdanlasa Iaduuunsz91eWa9 U (Energy dispersive x-ray spectroscopy)

(Link ISIS300-6647, Oxford Instruments Microanalysis Group, Bucks, England)

Ltd., Japan)

v
U

A J = d
139N 2 !!EWNf’)ﬂﬂﬂizﬂﬂﬂﬂlﬂﬁ“lﬁmuﬂ‘ﬂ?ﬂﬁ13

Lﬂ?f]ﬂﬂiiﬁma{ (Durometer model471, Pacific transducer Co., CA, USA)

4 a
ﬂéJENi]a‘ﬂﬁ IAUGNAINDT 1o (Zoom stereo microscope, EMZ Series, Meiji Techro Co.,

Temporary Product Component Batch
cement name / Number
Manufacturer Y Catalyst
Zinc oxide Temp-Bond | - Mineral oil - 4-Allyl-2- 3-1196
eugenol ; Kerr , ML, | - Zinc oxide Methoxyphenol
USA - Cornstarch (eugenol)
- Carnauba wax
= Zinc acetate
Zinc oxide Temp-Bond | - Mineral oil - Ortho-Ethoxybenzoic | 4-1036
without NE ; Kerr, - Zinc oxide acid
eugenol MI , USA - Cornstarch - Carnauba wax
- Octanoic acid
Calcium Dycal ; - Calcium tungstate - Calcium hydroxide 040416
hydroxide Dentsply , - Zinc oxide - Zinc oxide
DE , USA - Disalicylate ester of | - Titanium dioxide

1,3 butylene glycol




v
U
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MmN 3 1aALInlIzNeUUITAgMIATINUATIAGT

20

Material Product name Component Manufacturer Batch
No.
Aluminum oxide | HI Aluminum oxide 50 Shofu Inc, Japan | 0597
ALUMINAS | micron
Glass bead GLASS Glass bead 50 micron Shofu Inc, Japan | 1103
BEADS
Cement removal | Removalon-1 | Aliphatic acid Premier Dental 23686
solution Products Co , Pa
,USA
L&R - Water (60-70%) L&R 110567
- 2-Propoxyethanol (10- | Manufacturing,
20%) NJ, USA
- Quaternary ammonium
chloride (1-10%)
- Sodium
dodecylbenzenesulfonate
(1-10%)
- Sodium hydroxide (1-
10%)
Autopolymerized | Unifast - Methyl methacrylate GC Co., Tokyo 0409092
acrylic resin TRAD liquid | (>95%) Japan

- N,N dimethyl-p-

toluidine (<2:5%)
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Number
Group of Mean Standard
sample Deviation
1 | Control 20 40.2935 4.3103
2 | TbAl (Temp Bond — Aluminum oxide) 20 39.7545 3.2244
3 | TbGB (Temp Bond — Glass bead) 20 38.0005 2.8966
4 | TbRel (Temp Bond — Removalon I) 20 38.1755 4.0574
5 | TbLR (Temp Bond — L&R) 20 37.4145 3.9028
6 | TbMo (Temp Bond — Monomer) 20 36.0210 2.6344
7 | TNAl (Temp Bond NE — Aluminum oxide) 20 40.1320 3.1793
8 | TNGB (Temp Bond NE~ Glass bead) 20 38.5885 1.8115
9 | TNRel (Temp Bond NE — Removalon I) 20 35.5670 4.9751
10 | TNLR (Temp Bond NE — L&R) 20 39.4380 4.9842
11 | TNMo (Temp Bond NE — Monomer) 20 38.3980 4.0583
12 | DAl (Dycal — Aluminum oxide) 20 39.8400 2.7173
13 | DGB (Dycal — Glass bead) 20 39.3725 2.6383
14 | DRel (Dycal — Removalon I) 20 32.6595 4.2389
15 | DLR (Dycal — L&R) 20 37.5290 49150
16 | DMo (Dycal — Monomer) 20 31.0095 4.6712
Total 320 37.6371 4.5382
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Group Mean
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Cleaning methods Mean
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Type of Temporary cement

Shear bond strength (MPa)

Mean Standard deviation
Control 40.2935 4.3103
Temp- Bond 38.0005 2.8966
Temp-Bond NE 38.5885 1.8115
Dycal 39.3725 2.6383

d v £ { 1 9 J
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nay (Welch ANOVA) 948115199 44 Y890 1ANYIN
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1IAdUIU
Type of Temporary cement Shear bond strength (MPa)
Mean Standard deviation
Control 40.2935 4.3103
Temp- Bond 38.1755 4.0574
Temp-Bond NE 35.5670 4.9751
Dycal 32.6595 4.2389
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Tukey HSD

TEMPORARY \ Subset for alpha = .05

CEMENT 1 2 3

Dycal 20 32.6595

Temp-BondNE| 20 35.5670 35.5670

Temp-Bond 20 38.1755 38.1755
control 20 40.2935
Sig. 167 .249 431
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Type of Temporary cement Shear bond strength (MPa)
Mean Standard deviation
Control 40.2935 4.3103
Temp- Bond 37.4145 3.9028
Temp-Bond NE 39.4380 4.9842
Dycal 37.5290 4.9150
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Type of Temporary cement Shear bond strength (MPa )
Mean Standard deviation
Control 40.2935 4.3103
Temp- Bond 36.0210 2.6344
Temp-Bond NE 38.3980 4.0583
Dycal 31.0095 4.6712

IHENATOUNINITZIWAIVDITOYA (A15197 28 YDINIAKLIN) WU Toyannngull
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Tukey HSD
TEC';AEPI\?S\'IA‘TRY \ Subset for alpha = .05
1 2 3
Dycal 20 31.0095
Temp-Bond 20 36.0210
Temp-BondNE 20 38.3980 | 38.3980
Control 20 40.2935
Sig. 1.000 .244 442
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NAVDINIIANHIANHUZMIMANHNUBDUIBUBINUA (Mode of failure)
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(Adhesive failure) azmIuaninlusuve s FuSmudiazs esre MU U TUTLARY
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HUUA (Cohesive failure)
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Type of Temporary cement

Mode of failure Control | Temp-Bond | Temp-BondNE Dycal Total

Mixed failure 20 97 97 93 307
Adhesive failure 0 3 3 7 13
Total 20 100 100 100 320
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CLEANING METHOD

Mode of failure Total
Control | AlLO; |Glass bead|Removalon | L&R Monomer
Mixed failure 20 60 60 54 58 55 307
Adhesive failure 0 0 0 6 2 5 13
Total 20 60 60 60 60 60 320
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Mode of failure N Mean Standard Deviation

Mixed failure 307 37.8015 4.4601

Adhesive failure 13 33.7554 4.8178
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(Energy dispersive X-ray spectroscopy)
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Ni Cr Mo Al Zn Ca
4all® 61.4 25.7 i1, <1
1 control 60.6 22.4 111 1e3
Temp Bond 30.4 13.0 5.6 115 38.2
2 ThAL 48.2 19.3 8.2 21.9
3 ThGB 54.1 22.4 12.0 11.0
4 TbhRel 55.5 17.1 10.2 2.0
5TbLR 48.7 20.2 11.1 16.1 0.4
6 TbMo 55.1 18.5 10.4 7.3

Ni =t Mo Al Zn Ca
TempBondNE 21.4 9.7 2.7 7.1 56.9
7 TNAL 48.0 19.9 9.9 212
8 TNGB 49.2 20.9 11.1 16.8
9 TNRel 37.8 11.5 7.9 17.5
10 TNLR 56.6 20.3 15.2 0.1
11 TNMo 47.3 19.7 10.1 17.7 4.6

Ni Cr Mo Al Zn Ca
Dycal 33.5 15.0 6.0 13.9 7.5 16.4
12 DAL 48.4 19.6 8.9 211
13 DGB 51.8 21.5 11.6 14.7
14 DRel 58.5 19.1 11.2
15DLR 53.0 215 11.2 12.8 0.2
16 DMo 53.7 18.0 8.3 8.5
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d’ Y < =X A d’ J d’ v |
TN 20 UAAINIANTNUUVINTIVDINFIEANDHINASUAZTTIUUVEEUDHNINGTIIH (ﬁmmﬂum

(Y] ¢ do
nzihania) veslavzwaniinda-lasiion HusBudmua N lidadsedmuaiinsd (ngu

AIVAN)

Number of specimen Control
1 35.41
2 36.16
3 36.48
4 36.24
5 41.02
6 42.67
7 41.41
8 36.31
9 42.11
10 41.74
11 43.04
12 47.44
13 47.16
14 47.12
15 44.77
16 38.40
17 42.00
18 34.62
19 34.78
20 36.99
Mean shear bond strength 40.2935
Standard deviation 4.3103
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d’ Y < =X A d’ J d’ v |
TN 21 UAAIAIANNUUINTIVIINITIEANDHINAUAZ T IUUVESUDHNINGTIIH (ﬁmmﬂum

[ d U o w d J
nzihania) veslavzwaniinda-lasiion HusBudmuun vasnvadenoenlsagduen

FruuaneInengg
':gg”cti’r?]reﬂf A"g)‘(}g‘:m Glass bead Remol"a'on L&R Monomer
1 36.33 36.46 39.48 32.37 35.07
2 41.16 37.76 42.85 34.04 36.66
3 37.17 37.93 35.63 31.79 31.22
4 38.20 35.79 38.95 37.67 31.58
5 34.92 39.02 29.65 34.16 34.19
6 36.69 38.62 34.96 37.65 36.47
7 43,33 41.19 36.43 39.85 36.95
8 38.60 43.12 37.71 30.81 38.48
9 38.76 37.57 30.57 40.27 38.91
10 44.73 41.23 33.92 35.94 38.28
11 42,52 36.63 41.50 33.76 38.14
12 45.01 40.69 42.83 35.82 34.74
13 36.75 38.26 40.35 37.24 33.07
14 44.93 30.43 41.06 38.89 38.53
15 43.73 38.38 39.00 41.87 39.02
16 38.96 38.38 44.30 41.70 34.39
17 38.43 32.68 42,51 43.15 38.53
18 39.47 36.52 34.16 43.58 31.71
19 36.23 40.30 39.15 41.94 38.51
20 39.17 39.05 38.50 35.79 35.97
Meagtfgﬁg{hbond 39,7545 38.0005 38,1755 | 37.4145 | 36.0210
S;?/?;Ia;g 3.2244 2.8966 4.0574 3.9028 2.6344
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d’ Y < =X A d’ J d’ v |
TN 22 UAAIAIANTNUUVINTIVDINIIEANDHIRAUAZTIUUVESUDHNINGTIIH (ﬁmmﬂum

[v] d v o W d d d H
zihana) vadlavzwantinDa-lasiiey MUISTUTINUEA HAIMIATInoan lBATINUATN 133l

gaUDANILITAIN
'2;;"0?;;? A"éz‘:ii(;‘:m Glass bead Remc:"a'on L&R Monomer
1 37.45 34.27 36.03 41.64 33.97
2 42.46 37.12 40.49 36.72 36.87
3 37.51 36.78 30.16 31.06 35.16
4 37.06 37.96 28.78 33.13 28.92
5 40.44 41.01 39.73 39.99 36.77
6 39.99 41.40 41.38 39.87 44.08
7 42.27 38.11 40.63 42.47 37.07
8 40.28 40.34 37.82 39.33 34.07
9 36.98 39.56 33.15 41.64 41.44
10 43.34 37.08 32.82 29.55 40.58
11 42.99 37.61 39.68 34.21 43.82
12 43.24 41.10 36.68 44.21 41.76
13 43.22 37.41 33.02 33.03 41.20
14 44.59 40.69 26.76 39.23 36.72
15 43.29 37.00 35.35 41.79 41.37
16 39.89 38.64 38.77 41.36 39.74
17 34.38 39.27 41.22 45.59 32.90
18 36.56 39.13 36.84 47.75 37.28
19 42.14 39.43 24.39 44.39 42.00
20 34.56 37.86 37.64 41.80 42.24
b'\é'r?ggtfgﬁg{h 40.1320 38,5885 35.5670 30.4380 | 38.3980
g:?z(ajuaorg 311793 1.8115 4.9751 4.9842 4.0583
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TN 23 UAAIAIANTNUUINTIVDINIIEANDHINASUAZTIUUVEEUDHNINGTGIH (ﬂmmﬂum

[ d U o W d
zﬂmma) maﬂamwauﬁmﬁaimzﬁﬂu nms“?ufumuﬂ ‘}‘iﬁ\?ﬂ]ﬂﬂ!lﬂﬁ!“ﬁﬂuﬂ@lﬂiﬂﬂﬂ“ﬂﬂﬁa{?ﬂ

as
15

A3

Number of specimen AIL:)'EZ‘:m (;(Iee;sds Remolvalon L&R Monomer
1 42.40 34.49 34.09 36.32 31.04
2 43.05 41.64 34.61 27.74 35.98
3 40.14 33.32 34.72 26.28 30.24
4 42.28 37.99 25.49 36.94 33.88
5 41.31 39.81 28.67 38.21 29.81
6 34.55 38.85 26.97 39.50 26.11
7 39.90 42.35 29.31 39.38 33.26
8 40.89 41.76 29.54 36.31 23.95
9 42.02 40.23 30.07 29.62 30.43
10 39.24 41.28 30.88 35.48 23.37
11 39.54 42.48 32.94 41.35 29.26
12 41.75 39.49 33.56 36.41 36.86
13 41.68 40.71 34.01 37.77 25.39
14 38.79 42.13 33.42 40.50 27.81
15 36.70 38.41 38.41 36.98 25.61
16 37.61 41.14 38.60 42.71 31.73
17 41.03 37.04 39.64 44.26 34.10
18 32.66 40.78 40.01 39.08 34.84
19 39.26 35.97 28.29 43.91 39.65
20 42.00 37.58 29.96 41.83 36.87
Mea’;tfgre]ga{hbond 39.8400 | -39.3725 |, 32.6595 | 37.5290 | 31.0095
Standard deviation 27173 | 2.6383 4.2389 4.9150 | 4.6712
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A = Adhesive failure
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One-Sample Kolmogorov-Smirnov Test

GROUP SHEARBOND
Control N 20
Normal Parameters Mean 40.2935

Std. Deviation 4.,31029

Most Extreme Differences Absolute 178

Positive, 178

Negative -.117

Kolmogorov-Smirnov Z .797

Asymp. Sig. (2-tailed) .549

TbAl N 20
Normal Parameters Mean 39.7545

Std. Deviation 3.22441

Most Extreme Differences Absolute .185

Positive .185

Negative -.116

Kolmogorov-Smirnov Z .828

Asymp. Sig. (2-tailed) .499

ThGB N 20
Normal Parameters Mean 38.0005

Std. Deviation 2.89656

Most Extreme Differences Absolute .147|

Positive .109

Negative -.147

Kolmogorov-Smirnov Z .659

Asymp. Sig. (2-tailed) 778

TbhRel N 20
Normal Parameters Mean 38.1755

Std. Deviation 4.05744

Most Extreme Differences Absolute 132

Positive, .075

Negative -.132

Kolmogorov-Smirnov Z .590

Asymp. Sig. (2-tailed) .878

TbLR N 20
Normal Parameters Mean 37.4145

Std. Deviation 3.90284

Most Extreme Differences Absolute 114

Positive .098

Negative -.114

Kolmogorov-Smirnov Z .509

Asymp. Sig. (2-tailed) .958

TbMo N 20
Normal Parameters Mean 36.0210

Std. Deviation 2.63443

Most Extreme Differences Absolute .189

Positive 127

Negative -.189

Kolmogorov-Smirnov Z .847

Asymp. Sig. (2-tailed) 470
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TNAI N 20
Normal Parameters Mean 40.1320

Std. Deviation 3.17931

Most Extreme Differences Absolute .186
Positive .145

Negative -.186

Kolmogorov-Smirnov Z .833

Asymp. Sig. (2-tailed) 492

TNGB N 20
Normal Parameters Mean 38.5885

Std. Deviation 1.81149

Most Extreme Differences Absolute .109
Positive 104

Negative -.109

Kolmogorov-Smirnov Z .488

Asymp. Sig. (2-tailed) .971

TNRel N 20
Normal Parameters Mean 35.5670

Std. Deviation 4.97510

Most Extreme Differences Absolute) .139
Positive, 121

Negative -.139

Kolmogorov-Smirnov Z .619

Asymp. Sig. (2-tailed) .838

TNLR N 20
Normal Parameters Mean 39.4380

Std. Deviation 4.,98423

Most Extreme Differences Absolute .183
Positive .103

Negative -.183

Kolmogorov-Smirnov Z .820

Asymp. Sig. (2-tailed) 512

TNMo N 20
Normal Parameters Mean 38.3980

Std. Deviation 4.05826

Most Extreme Differences Absolute .155
Positive, .109

Negative -.155

Kolmogorov-Smirnov Z .693

Asymp. Sig. (2-tailed) 722

DAI N 20
Normal Parameters Mean 39.8400

Std. Deviation 2.71733

Most Extreme Differences Absolute .163
Positive| 123

Negative -.163

Kolmogorov-Smirnov Z 727

Asymp. Sig. (2-tailed) .665

DGB N 20
Normal Parameters Mean 39.3725

Std. Deviation 2.63832

Most Extreme Differences Absolute .144
Positive 119

Negative -.144

Kolmogorov-Smirnov Z .644

Asymp. Sig. (2-tailed) .802
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DRel N 20
Normal Parameters Mean 32.6595

Std. Deviation 4.23888

Most Extreme Differences Absolute .129
Positive 129

Negative -.113

Kolmogorov-Smirnov Z .579

Asymp. Sig. (2-tailed) .891

DLR N 20
Normal Parameters Mean 37.5290

Std. Deviation 4.,91503

Most Extreme Differences Absolute .202
Positive .096

Negative -.202

Kolmogorov-Smirnov Z .904

Asymp. Sig. (2-tailed) .388

DMo N 20
Normal Parameters Mean 31.0095

Std. Deviation 4.67123

Most Extreme Differences Absolute .103
Positive .103

Negative -.085

Kolmogorov-Smirnov Z .460

Asymp. Sig. (2-tailed) .984

a Test distribution is Normal.
b Calculated from data.
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Test of Homogeneity of Variances

Levene dfl df2 Sig.

Statistic

2.790 15 304 .000

ANOVA
Sum of df Mean F Sig.
Squares Square

Between | 2128.759 15 141.917 9.714 .000

Groups

Within | 4441.146 304 14.609

Groups

Total 6569.906 319

Robust Tests of Equality of Means

Statistic dfl df2 Sig.

Welch 8.141 15 114.598 .000

Brown- 9.714 15 248.682 .000
Forsythe

a Asymptotically F distributed.

Y a d 13
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Tests of Between-Subjects Effects

Type llI
Source Sum of df Mean F Sig.
Square
Squares
Corrected | 1978 591 | 14 | 141301 | -9.851 | .000
Model
Intercept  |420975.480 1 420975.480|29347.728 | .000
CEMENT 299.999 2 149.999 10.457 .000
TECHNIQUE | 1032.427 4 258.107 17.994 .000
CEMENT *
TECHNIQUE 645.795 8 80.724 5.628 .000
Error 4088.153 285 14.344

Total 427041.854| 300

Corrected Total| 6066.374 299

a Computed using alpha = .05
b R Squared = .326 (Adjusted R Squared = .293)
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Multiple Comparisons

Tamhane
Dif'\f/tlaizg ce 95% Confidence Interval

() GROUP | (J) GROUP (1-3) Std. Error Sig. Lower
Bound Upper Bound
Control TbAI .5390 1.20365 1.000 -4.1418 5.2198
ThGB 2.2930 1.16122 .999 -2.2500 6.8360
TbRel 2.1180 1.32366 1.000 -2.9925 7.2285
TbLR 2.8790 1.30021 .982 -2.1439 7.9019
ThMo 4.2725 1.12958 .076 -.1743 8.7193
TNAI .1615 1.19763 1.000 -4.4992 4.8222
TNGB 1.7050 1.04547 1.000 -2.5245 5.9345
TNRel 4.7265 1.47191 279 -.9653 10.4183
TNLR .8555 1.47345 1.000 -4.8426 6.5536
TNMo 1.8955 1.32378 1.000 -3.2155 7.0065
DAl .4535 1.13935 1.000 -4.0224 4.9294
DGB .9210 1.13003 1.000 -3.5272 5.3692
DRel 7.6340(*) 1.35179 .000 2.4165 12.8515
DLR 2.7645 1.46178 1.000 -2.8864 8.4154
DMo 9.2840(*) 1.42125 .000 3.7953 14.7727
TbAI Control -.5390 1.20365 1.000 -5.2198 4.1418
ThGB 1.7540 .96920 1.000 -1.9907 5.4987
TbRel 1.5790 1.15887 1.000 -2.9154 6.0734
TbLR 2.3400 1.13201 .996 -2.0438 6.7238
TbMo 3.7335(*) .93105 .034 1265 7.3405
TNAI -.3775 1.01254 1.000 -4.2855 3.5305
TNGB 1.1660 .82699 1.000 -2.1093 4.4413
TNRel 4.1875 1.32568 .336 -1.0108 9.3858
TNLR .3165 1.32739 1.000 -4.8892 5.5222
TNMo 1.3565 1.15901 1.000 -3.1385 5.8515
DAl -.0855 .94289 1.000 -3.7345 3.5635
DGB .3820 .93160 1.000 -3.2269 3.9909
DRel 7.0950(*) 1.19090 .000 2.4675 11.7225
DLR 2.2255 1.31443 1.000 -2.9247 7.3757
DMo 8.7450(*) 1.26920 .000 3.7876 13.7024
TbGB Control -2.2930 1.16122 .999 -6.8360 2.2500
TbAI -1.7540 .96920 1.000 -5.4987 1.9907
TbRel -.1750 1.11474 1.000 -4.5207 4.1707
TbLR .5860 1.08679 1.000 -3.6420 4.8140
TbhMo 1.9795 .87551 973 -1.4024 5.3614
TNAI -2.1315 .96172 .982 -5.8463 1.5833
TNGB -.5880 .76392 1.000 -3.5906 2.4146
TNRel 2.4335 1.28728 1.000 -2.6516 7.5186
TNLR -1.4375 1.28904 1.000 -6.5302 3.6552
TNMo -.3975 1.11489 1.000 -4.7438 3.9488
DAl -1.8395 .88809 .996 -5.2684 1.5894
DGB -1.3720 .87609 1.000 -4.7561 2.0121
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Dif':‘/tleiggce 95% Confidence Interval
() GROUP | (J) GROUP (1-3) Std. Error Sig. Lower Upper
Bound Bound
DRel 5.3410(*) 1.14800 .006 .8543 9.8277
DLR 4715 1.27569 1.000 -4.5634 5.5064
DMo 6.9910(*) 1.22903 .000 2.1574 11.8246
TbRel Control -2.1180 1.32366 1.000 -7.2285 2.9925
TbAI -1.5790 1.15887 1.000 -6.0734 2.9154
TbhGB .1750 1.11474 1.000 -4.1707 45207
TbLR .7610 1.25887 1.000 -4.0984 5.6204
TbMo 2.1545 1.08174 .999 -2.0868 6.3958
TNAI -1.9565 1.15262 1.000 -6.4293 2.5163
TNGB -.4130 .99359 1.000 -4.4154 3.5894
TNRel 2.6085 1.43552 1.000 -2.9532 8.1702
TNLR -1.2625 1.43710 1.000 -6.8308 4.3058
TNMo -.2225 1.28320 1.000 -5.1751 4.7301
DAI -1.6645 1.09194 1.000 -5.9373 2.6083
DGB -1.1970 1.08221 1.000 -5.4397 3.0457
DRel 5.5160(*) 1.31208 .018 .4510 10.5810
DLR .6465 1.42514 1.000 -4.8726 6.1656
DMo 7.1660(*) 1.38353 .001 1.8163 12.5157
TbLR Control -2.8790 1.30021 .982 -7.9019 2.1439
ThAI -2.3400 1.13201 .996 -6.7238 2.0438
ThGB -.5860 1.08679 1.000 -4.8140 3.6420
TbRel -.7610 1.25887 1.000 -5.6204 4.0984
TbMo 1.3935 1.05291 1.000 -2.7246 5.5116
TNAI -2.7175 1.12562 .921 -7.0787 1.6437
TNGB -1.1740 .96213 1.000 -5.0387 2.6907
TNRel 1.8475 1.41393 1.000 -3.6390 7.3340
TNLR -2.0235 1.41553 1.000 -7.5167 3.4697
TNMo -.9835 1.25900 1.000 -5.8434 3.8764
DAl -2.4255 1.06339 971 -6.5769 1.7259
DGB -1.9580 1.05340 1.000 -6.0776 2.1616
DRel 4.7550 1.28842 .081 -.2209 9.7309
DLR -.1145 1.40338 1.000 -5.5574 5.3284
DMo 6.4050(*) 1.36111 .004 1.1360 11.6740
TbMo Control -4.2725 1.12958 .076 -8.7193 .1743
TbAI -3.7335(%) .93105 .034 -7.3405 -.1265
ThGB -1.9795 .87551 .973 -5.3614 1.4024
ThRel -2.1545 1.08174 .999 -6.3958 2.0868
TbLR -1.3935 1.05291 1.000 -5.5116 2.7246
TNAI -4.1110(%) .92326 .009 -7.6860 -.5360
TNGB -2.5675 .71490 17 -5.3605 .2255
TNRel .4540 1.25881 1.000 -4.5533 5.4613
TNLR -3.4170 1.26061 741 -8.4321 1.5981
TNMo -2.3770 1.08189 .986 -6.6189 1.8649
DAl -3.8190(%) .84629 .007 -7.0856 -.5524
DGB -3.3515(%) .83369 .031 -6.5692 -.1338
DRel 3.3615 1.11598 .456 -1.0268 7.7498
DLR -1.5080 1.24695 1.000 -6.4637 3.4477
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Dif':‘/tleiggce 95% Confidence Interval
() GROUP | (J) GROUP (1-3) Std. Error Sig. Lower Upper
Bound Bound
DMo 5.0115(%) 1.19918 .028 .2635 9.7595
TNAI Control -.1615 1.19763 1.000 -4.8222 4.4992
ThbAl 3775 1.01254 1.000 -3.5305 4.2855
ThGB 2.1315 .96172 .982 -1.5833 5.8463
TbRel 1.9565 1.15262 1.000 -2.5163 6.4293
TbLR 2.7175 1.12562 921 -1.6437 7.0787
TbMo 4.1110(*) .92326 .009 .5360 7.6860
TNGB 1.5435 .81821 1.000 -1.6937 4.7807
TNRel 4.5650 1.32022 170 -.6167 9.7467
TNLR .6940 1.32194 1.000 -4.4951 5.8831
TNMo 1.7340 1.15277 1.000 -2.7394 6.2074
DAI .2920 .93520 1.000 -3.3257 3.9097
DGB 7595 .92382 1.000 -2.8175 4.3365
DRel 7.4725(%) 1.18482 .000 2.8655 12.0795
DLR 2.6030 1.30892 .999 -2.5303 7.7363
DMo 9.1225(*) 1.26350 .000 4.1832 14.0618
TNGB Control -1.7050 1.04547 1.000 -5.9345 2.5245
ThbAl -1.1660 .82699 1.000 -4.4413 2.1093
ThGB .5880 76392 1.000 -2.4146 3.5906
TbRel 4130 .99359 1.000 -3.5894 4.4154
TbLR 1.1740 .96213 1.000 -2.6907 5.0387
TbMo 2.5675 .71490 117 -.2255 5.3605
TNAI -1.5435 .81821 1.000 -4.7807 1.6937
TNRel 3.0215 1.18392 .880 -1.8137 7.8567
TNLR -.8495 1.18583 1.000 -5.6931 3.9941
TNMo .1905 .99375 1.000 -3.8126 4.1936
DAI -1.2515 .73025 1.000 -4.1099 1.6069
DGB -.7840 .71562 1.000 -3.5800 2.0120
DRel 5.9290(*) 1.03077 .001 1.7639 10.0941
DLR 1.0595 1.17130 1.000 -3.7206 5.8396
DMo 7.5790(*) 1.12031 .000 3.0220 12.1360
TNRel Control -4.7265 1.47191 279 -10.4183 .9653
TbAI -4.1875 1.32568 .336 -9.3858 1.0108
ThGB -2.4335 1.28728 1.000 -7.5186 2.6516
TbRel -2.6085 1.43552 1.000 -8.1702 2.9532
TbLR -1.8475 1.41393 1.000 -7.3340 3.6390
ThMo -.4540 1.25881 1.000 -5.4613 4.5533
TNAI -4.5650 1.32022 170 -9.7467 6167
TNGB -3.0215 1.18392 .880 -7.8567 1.8137
TNLR -3.8710 1.57471 .895 -0.9487 2.2067
TNMo -2.8310 1.43564 .999 -8.3931 2.7311
DAI -4.2730 1.26759 224 -9.3037 7577
DGB -3.8055 1.25921 466 -8.8139 1.2029
DRel 2.9075 1.46150 .999 -2.7467 8.5617
DLR -1.9620 1.56380 1.000 -7.9977 4.0737
DMo 45575 1.52598 447 -1.3343 10.4493
TNLR Control -.8555 1.47345 1.000 -6.5536 4.8426
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Dif':‘/tleiggce 95% Confidence Interval
() GROUP | (J) GROUP (1-3) Std. Error Sig. Lower Upper
Bound Bound
TbAI -.3165 | 1.32739 1.000 -5.5222 4.8892
ThGB 1.4375 | 1.28904 1.000 -3.6552 6.5302
TbhRel 1.2625 | 1.43710 1.000 -4.3058 6.8308
ThLR 2.0235 | 1.41553 1.000 -3.4697 7.5167
TbMo 3.4170 | 1.26061 741 -1.5981 8.4321
TNAI -.6940 | 1.32194 1.000 -5.8831 4.4951
TNGB .8495 | 1.18583 1.000 -3.9941 5.6931
TNRel 3.8710 | 1.57471 .895 -2.2067 9.9487
TNMo 1.0400 | 1.43722 1.000 -4.5287 6.6087
DAl -.4020 | 1.26938 1.000 -5.4405 4.6365
DGB .0655 | 1.26102 1.000 -4.9507 5.0817
DRel 6.7785(*) | 1.46306 .005 1.1179 12.4391
DLR 1.9090 | 1.56525 1.000 -4.1323 7.9503
DMo 8.4285(*) | 1.52746 .000 2.5308 14.3262
TNMo Control -1.8955 | 1.32378 1.000 -7.0065 3.2155
TbAI -1.3565 | 1.15901 1.000 -5.8515 3.1385
ThGB 3975 | 1.11489 1.000 -3.9488 47438
TbhRel .2225 | 1.28320 1.000 -4.7301 5.1751
TbLR .9835 | 1.25900 1.000 -3.8764 5.8434
ThMo 2.3770 | 1.08189 .986 -1.8649 6.6189
TNAI -1.7340 | 1.15277 1.000 -6.2074 2.7394
TNGB -.1905 .99375 1.000 -4.1936 3.8126
TNRel 2.8310 | 1.43564 .999 -2.7311 8.3931
TNLR -1.0400 | 1.43722 1.000 -6.6087 4.5287
DAl -1.4420 | 1.09209 1.000 -5.7155 2.8315
DGB -.9745 | 1.08236 1.000 -5.2179 3.2689
DRel 5.7385(*) | 1.31220 .011 .6731 10.8039
DLR .8690 | 1.42525 1.000 -4.6505 6.3885
DMo 7.3885(*) | 1.38365 .001 2.0383 12.7387
DAl Control -4535 | 1.13935 1.000 -4.9294 4.0224
ThAI .0855 .94289 1.000 -3.5635 3.7345
ThGB 1.8395 .88809 .996 -1.5894 5.2684
TbRel 1.6645| 1.09194 1.000 -2.6083 5.9373
TbLR 2.4255 | 1.06339 971 -1.7259 6.5769
TbhMo 3.8190(*) .84629 .007 .5524 7.0856
TNAI -.2920 .93520 1.000 -3.9097 3.3257
TNGB 1.2515 .73025 1.000 -1.6069 4.1099
TNRel 42730 | 1.26759 .224 -7577 9.3037
TNLR 4020 | 1.26938 1.000 -4.6365 5.4405
TNMo 1.4420 | 1.09209 1.000 -2.8315 5.7155
DGB 4675 .84689 1.000 -2.8014 3.7364
DRel 7.1805(*) | 1.12588 .000 2.7625 11.5985
DLR 2.3110 | 1.25582 1.000 -2.6685 7.2905
DMo 8.8305(*) | 1.20839 .000 4.0567 13.6043
DGB Control -.9210 | 1.13003 1.000 -5.3692 3.5272
TbAI -.3820 .93160 1.000 -3.9909 3.2269
ThGB 1.3720 .87609 1.000 -2.0121 47561
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Differ'\(/alﬁig 95% Confidence Interval
() GROUP | (J) GROUP (-J) | Std. Error Sig. Lower Upper
Bound Bound
TbhRel 1.1970 | 1.08221 1.000 -3.0457 5.4397
TbLR 1.9580 | 1.05340 1.000 -2.1616 6.0776
ThMo 3.3515(*) .83369 .031 .1338 6.5692
TNAI -.7595 .92382 1.000 -4.3365 2.8175
TNGB .7840 .71562 1.000 -2.0120 3.5800
TNRel 3.8055 | 1.25921 .466 -1.2029 8.8139
TNLR -.0655 | 1.26102 1.000 -5.0817 4.9507
TNMo .9745 | 1.08236 1.000 -3.2689 5.2179
DAI -.4675 .84689 1.000 -3.7364 2.8014
DRel 6.7130(*) | 1.11644 .000 2.3233 11.1027
DLR 1.8435 | 1.24736 1.000 -3.1133 6.8003
DMo 8.3630(*) | 1.19961 .000 3.6138 13.1122
DRel Control -7.6340(*) | 1.35179 .000 -12.8515 -2.4165
TbAI -7.0950(*) | 1.19090 .000 -11.7225 -2.4675
ThGB -5.3410(*) | 1.14800 .006 -9.8277 -.8543
TbhRel -5.5160(*) | 1.31208 .018 -10.5810 -.4510
TbLR -4.7550 | 1.28842 .081 -9.7309 .2209
TbMo -3.3615 | 1.11598 .456 -7.7498 1.0268
TNAI -7.4725(*) | 1.18482 .000 -12.0795 -2.8655
TNGB -5.9290(*) | 1.03077 .001 -10.0941 -1.7639
TNRel -2.9075 | 1.46150 .999 -8.5617 2.7467
TNLR -6.7785(*) | 1.46306 .005 -12.4391 -1.1179
TNMo -5.7385(*) | 1.31220 .011 -10.8039 -.6731
DAI -7.1805(*) | 1.12588 .000 -11.5985 -2.7625
DGB -6.7130(*) | 1.11644 .000 -11.1027 -2.3233
DLR -4.8695 | 1.45130 .198 -10.4824 7434
DMo 1.6500 | 1.41047 1.000 -3.7986 7.0986
DLR Control -2.7645 | 1.46178 1.000 -8.4154 2.8864
ThAI -2.2255 | 1.31443 1.000 -7.3757 2.9247
ThGB -.4715 | 1.27569 1.000 -5.5064 45634
ThRel -.6465 | 1.42514 1.000 -6.1656 4.8726
TbhLR 1145 | 1.40338 1.000 -5.3284 5.5574
ThMo 1.5080| 1.24695 1.000 -3.4477 6.4637
TNAI -2.6030 | 1.30892 .999 -7.7363 2.5303
TNGB -1.0595 | 1.17130 1.000 -5.8396 3.7206
TNRel 1.9620 |- 1.56380 1.000 -4.0737 7.9977
TNLR -1.9090 | 1.56525 1.000 -7.9503 41323
TNMo -.8690 | 1.42525 1.000 -6.3885 4.6505
DAl -2.3110 | 1.25582 1.000 -7.2905 2.6685
DGB -1.8435 | 1.24736 1.000 -6.8003 3.1133
DRel 4.8695 | 1.45130 .198 -.7434 10.4824
DMo 6.5195(*) | 1.51621 .014 .6662 12.3728
DMo Control -9.2840(*) | 1.42125 .000 -14.7727 -3.7953
TbAI -8.7450(*) | 1.26920 .000 -13.7024 -3.7876
ThGB -6.9910(*) | 1.22903 .000 -11.8246 -2.1574
ThRel -7.1660(*) | 1.38353 .001 -12.5157 -1.8163
TbLR -6.4050(*) | 1.36111 .004 -11.6740 -1.1360
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Dif’}/tlaigzce 95% Confidence Interval

() GROUP | (J) GROUP (1-3) Std. Error Sig. Lower Upper
Bound Bound

TbMo -5.0115(*) | 1.19918 .028 -9.7595 -.2635
TNAI -9.1225(*) | 1.26350 .000 -14.0618 -4.1832
TNGB -7.5790(*) | 1.12031 .000 -12.1360 -3.0220
TNRel -4.5575 | 1.52598 447 -10.4493 1.3343
TNLR -8.4285(*) | 1.52746 .000 -14.3262 -2.5308
TNMo -7.3885(*) | 1.38365 .001 -12.7387 -2.0383
DAl -8.8305(*) | 1.20839 .000 -13.6043 -4.0567
DGB -8.3630(*) | 1.19961 .000 -13.1122 -3.6138
DRel -1.6500 | 1.41047 1.000 -7.0986 3.7986
DLR -6.5195(*) | 1.51621 .014 -12.3728 -.6662

* The mean difference is significant at the .05 level.
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Test of Homogeneity of Variances

Levene .
Statistic dfl df2 Sig.
2.356 5 114 .045

Y Y v o w Aa Jd d
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ANOVA
Sum of Mean ;
Squares / Square d S0
Beween | 543.389 5 48.678 | 3.843 | .003
Groups
Within | 1444014 | 114 | 12.667
Groups
Total |1687.403| 119

Robust Tests of Equality of Means

Statistic dfl df2 Sig.

Welch 4.444 5 52.913 .002

a Asymptotically F distributed.
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Multiple Comparisons

Tamhane
0) ) Mean 95%|§t%?\f/ig|ence
TECHNIQUE| TECHNIQUE D'ffgfﬁ)”ce Std. Error | Sig. Lower | Upper
Bound Bound
control Al203 .5390 1.20365 1.000 -3.2404 4.3184
glassbeads 2.2930 1.16122 .583 -1.3686 5.9546
removalonl 2.1180 1.32366 .848 -2.0173 6.2533
L&R 2.8790 1.30021 .395 -1.1847 6.9427
monomer 4.2725* 1.12958 .010 .6951 7.8499
Al203 control -.5390 1.20365 1.000 -4.3184 3.2404
glassheads 1.7540 .96920 .706 -1.2755 4.7835
removalonl 1.5790 1.15887 .950 -2.0529 5.2109
L&R 2.3400 1.13201 .505 -1.2041 5.8841
monomer 8358 .93105 .004 .8178 6.6492
glassheads control -2.2930 1.16122 .583 -5.9546 1.3686
Al203 -1.7540 .96920 .706 -4.7835 1.2755
removalonl -.1750 1.11474 1.000 -3.6813 3.3313
L&R .5860 1.08679 1.000 -2.8275 3.9995
monomer 1.9795 .87551 .363 -. 7567 4.7157
removalonl control -2.1180 1.32366 .848 -6.2533 2.0173
Al203 -1.5790 1.15887 .950 -5.2109 2.0529
glassbeads .1750 1.11474 1.000 -3.3313 3.6813
L&R .7610 1.25887 1.000 -3.1713 4.6933
monomer 2.1545 1.08174 571 -1.2617 5.5707
L&R control -2.8790 1.30021 .395 -6.9427 1.1847
Al203 -2.3400 1.13201 .505 -5.8841 1.2041
glassbeads -.5860 1.08679 1.000 -3.9995 2.8275
removalonl -.7610 1.25887 1.000 -4.6933 3.1713
monomer 1.3935 1.05291 .961 -1.9259 47129
monomer control -4.2725* 1.12958 .010 -7.8499 -.6951
Al203 -3.7335* .93105 .004 -6.6492 -.8178
glassbeads -1.9795 .87551 .363 -4.7157 .7567
removalonl -2.1545 1.08174 571 -5.5707 1.2617
L&R -1.3935 1.05291 961 -4.7129 1.9259

* The mean difference is significant at the .05 level.
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Test of Homogeneity of Variances

Levene Statistic dfl df2 Sig.

4.079 5 114 .002
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d
nay
ANOVA
Sum of Mean i
Squares ¢ Square 7 S0
Between | 345,920 5 60.184 | 3.684 .004
Groups
Within | 1862 603| 114 | 16.339
Groups
Total | 2163.523| 119

Robust Tests of Equality of Means

Statistic dfl df2 Sig.

Welch 2.879 5 51.387 .023

a Asymptotically F distributed.
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Multiple Comparisons

Tamhane
Mean 95% Confidence Interval
0 %) Diffgrg)nce Std. Error Sig. - -
- ower pper
TECHNIQUE| TECHNIQUE Bound Bound
control Al203 .1615 1.19763 1.000 -3.6009 3.9239
glassbeads 1.7050 1.04547 .841 -1.6697 5.0797
removalonl 4.7265* 1.47191 .040 .1230 9.3300
L&R .8555 1.47345 1.000 -3.7530 5.4640
monomer 1.8955 1.32378 927 -2.2402 6.0312
Al203 control -.1615 1.19763 1.000 -3.9239 3.6009
glassbheads 1.5435 .81821 .657 -1.0569 4.1439
removalonl 4.5650* 1.32022 .023 .3926 8.7374
L&R .6940 1.32194 1.000 -3.4841 4.8721
monomer 1.7340 1.15277 .898 -1.8803 5.3483
glassbeads control -1.7050 1.04547 .841 -5.0797 1.6697
Al203 -1.5435 .81821 .657 -4.1439 1.0569
removalonl 3.0215 1.18392 .233 -.8254 6.8684
L&R -.8495 1.18583 1.000 -4.7029 3.0039
monomer .1905 .99375 1.000 -3.0077 3.3887
removalonl control -4.7265* 1.47191 .040 -9.3300 -.1230
Al203 -4.5650* 1.32022 .023 -8.7374 -.3926
glassbheads -3.0215 1.18392 .233 -6.8684 .8254
L&R -3.8710 1.57471 .246 -8.7894 1.0474
monomer -2.8310 1.43564 .580 -7.3271 1.6651
L&R control -.8555 1.47345 1.000 -5.4640 3.7530
Al203 -.6940 1.32194 1.000 -4.8721 3.4841
glassbeads .8495 1.18583 1.000 -3.0039 4.7029
removalonl 3.8710 1.57471 .246 -1.0474 8.7894
monomer 1.0400 1.43722 1.000 -3.4613 5.5413
monomer control -1.8955 1.32378 927 -6.0312 2.2402
Al203 -1.7340 1.15277 .898 -5.3483 1.8803
glassbeads -.1905 .99375 1.000 -3.3887 3.0077
removalonl 2.8310 1.43564 .580 -1.6651 7.3271
L&R -1.0400 1.43722 1.000 -5.5413 3.4613

* The mean difference is significant at the .05 level.
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Test of Homogeneity of Variances

Levene Statistic dfl df2 Sig.

2.513 5 114 .034
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ANOVA
Sum of Mean i
Squares § Square i .
Beween | 1585349 5 317.070 | 19.639 | .000
Groups
WIthin 1 1840516 114 | 16.145
Groups
Total |3425.864| 119

Robust Tests of Equality of Means

Statistic dfl df2 Sig.

Welch 18.421 5

52.584 .000

a Asymptotically F distributed.
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Multiple Comparisons

Tamhane
Mean 95% Confidence Interval
Difference| Std. Error Sig.
0 ) )
TECHNIQUE | TECHNIQUE Lower Bound |Upper Bound
control AlI203 .4535 1.13935 1.000 -3.1495 4.0565
glassbeads .9210 1.13003 1.000 -2.6576 4.4996
removalonl | 7.6340%* | 1.35179 .000 3.4118 11.8562
L&R 2.7645 | 1.46178 .643 -1.8064 7.3354
monomer 9.2840* | 1.42125 .000 4.8430 13.7250
Al203 control -.4535 1.13935 1.000 -4.0565 3.1495
glassbeads 4675 .84689 1.000 -2.1778 3.1128
removalonl | 7.1805* | 1.12588 .000 3.6229 10.7381
L&R 2.3110 | 1.25582 .693 -1.6863 6.3083
monomer 8.8305* | 1.20839 .000 4.9941 12.6669
glassbeads control -.9210 1.13003 1.000 -4.4996 2.6576
Al203 -.4675 .84689 1.000 -3.1128 2.1778
removalonl | 6.7130% | 1.11644 .000 3.1803 10.2457
L&R 1.8435 | 1.24736 913 -2.1329 5.8199
monomer 8.3630* | 1.19961 .000 4.5488 12.1772
removalonl control -7.6340* | 1.35179 .000 -11.8562 -3.4118
Al203 -7.1805* | 1.12588 .000 -10.7381 -3.6229
glassbeads | -6.7130* | 1.11644 .000 -10.2457 -3.1803
L&R -4.8695* | 1.45130 .027 -9.4090 -.3300
monomer 1.6500 | 1.41047 .986 -2.7582 6.0582
L&R control -2.7645 | 1.46178 .643 -7.3354 1.8064
Al203 -2.3110 | 1.25582 .693 -6.3083 1.6863
glassbeads | -1.8435 | 1.24736 .913 -5.8199 2.1329
removalonl | 4.8695* | 1.45130 .027 .3300 9.4090
monomer 6.5195* | 1.51621 .002 1.7830 11.2560
monomer control -9.2840* | 1.42125 .000 -13.7250 -4.8430
Al203 -8.8305* | 1.20839 .000 -12.6669 -4.9941
glassheads | -8.3630* | 1.19961 .000 -12.1772 -4.5488
removalonl | -1.6500 | 1.41047 .986 -6.0582 2.7582
L&R -6.5195* | 1.51621 .002 -11.2560 -1.7830

* The mean difference:is significant at the .05 level.
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Test of Homogeneity of Variances

U

Levene Statistic

dfl

df2

Sig.

3.195

76

.028
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o v A ¢ 14 a d o = Y aa
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J
3ay
ANOVA
Sum of Mean :
Squares i Square F Sig.
Between | 5 7g7 3 1262 | .109 955
Groups
Within | ggr879 | 76 | 11.617
Groups
Total 886.666 79
Robust Tests of Equality of Means
Statistic dfl df2 Sig.
Welch .096 3 41.802 .962

a Asymptotically F distributed.
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Test of Homogeneity of Variances

Levene .
Statistic dfl df2 Sig.
6.696 3 76 .000

d' 1 < =X A d' LY < Y o v A J
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ANOVA
Sum of Mean .
Squares J Square 4 Sig.
Between | 54 579 3 19.760 | 2424 | .104
Groups
Within 1 207006 | 76 9.303
Groups
Total 766.286 79

Robust Tests of Equality of Means

Statistic dfl df2 Sig.

Welch 1.659 3 40.629 191

a Asymptotically F distributed.
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Test of Homogeneity of Variances

Levene Statistic dfl df2 Sig.

.392 3 76 759

Y ! % o d
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ANOVA
Sum of Mean ;
Squares f Square i >0
Between | 653 939 3 217.980 | 11.213 | .000
Groups
Within | 1 127 461 | 76 19.440
Groups
Total 2131.400 79
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Multiple Comparisons

95

95% Confidence

Mean
(I) CEMENT | (J) CEMENT | Difference |Std. Error| Sig. Interval
(1-3) Lower Upper
Bound Bound
Tukey
HSD control tempbond 2.1180 1.39428 431 -1.5445 | 5.7805
tempbondNE| 4.7265* | 1.39428 | .006 1.0640 | 8.3890
dycal 7.6340* | 1.39428 | .000 3.9715 | 11.2965
tempbond control -2.1180 1.39428 431 -5.7805 1.5445
tempbondNE| 2.6085 1.39428 .249 -1.0540 6.2710
dycal 5.5160* | 1.39428 | .001 1.8535 | 9.1785
tempbondNE control -4.7265* | 1.39428 | .006 -8.3890 | -1.0640
tempbond -2.6085 1.39428 .249 -6.2710 1.0540
dycal 2.9075 1.39428 167 -.7550 6.5700
dycal control -7.6340* | 1.39428 .000 |-11.2965 | -3.9715
tempbond | -5.5160* | 1.39428 | .001 -9.1785 | -1.8535
tempbondNE| -2.9075 | 1.39428 | .167 -6.5700 .7550

* The mean difference is significant at the .05 level.
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Test of Homogeneity of Variances

Levene Statistic dfl df2 Sig.

241 3 76 .867
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ANOVA
Sum of Mean i
Squares f Square i >
Between 122.075 3 40.692 1.966 126
Groups
WIthin | 1573.407 | 76| 20.703
Groups
Total 1695.482 )
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Test of Homogeneity of Variances

Levene .
Statistic dfl df2 %
2.632 3 76 .056
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ANOVA
Sum of Mean -
Squares f Square i il
Between | g66 975 3 322.325 | 20.206 | .000
Groups
Within 11515 365 | 76 15.952
Groups
Total 2179.340 79
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Multiple Comparisons

< Y U A
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95% Confidence

Mean . Interval
Difference| Std. Error Sig.

(I) CEMENT | (J) CEMENT |  (I-J) Cower T Upper
Bound | Bound
T#'S‘eDy control tempbond | 4.2725* | 1.26302 | .006 | .9548 |7.5902
tempbondNE| 1.8955 1.26302 442 | -1.4222 | 5.2132
dycal 9.2840* 1.26302 .000 5.9663 (12.6017
tempbond control -4.2725*% | 1.26302 .006 |-7.5902 | -.9548
tempbondNE | -2.3770 1.26302 244 | -5.6947 | .9407
dycal 5.0115* 1.26302 .001 1.6938 | 8.3292
tempbondNE control -1.8955 1.26302 442 | -5.2132 | 1.4222
tempbond 2.3770 1.26302 .244 -.9407 | 5.6947
dycal 7.3885* 1.26302 .000 4.0708 [10.7062
dycal control -9.2840* | 1.26302 .000 |-12.6017|-5.9663
tempbond | -5.0115* | 1.26302 .001 |-8.3292 |-1.6938
tempbondNE | -7.3885* | 1.26302 .000 |-10.7062|-4.0708

* The mean difference is significant at the .05 level.
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Chi-Square Tests

value df é,sgn(]g Exact Sig.|Exact Sig.| Point
sided) (2-sided) | (1-sided) |Probability
Pearson Chi-Square| 3.640 3 .303 .333
Likelihood Ratio 4.128 3 .248 276
Fisher's Exact Test| 2.589 .393
Linear-by-Linear |, ¢4 1 086 095 057 029
Association
N of Valid Cases 320

a 4 cells (50.0%) have expected count less than 5. The minimum expected count is .81.
b The standardized statistic is 1.715.
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Chi-Square Tests

Value df 'glsgn(]g Exaqt Sig. Exac_t Sig. PoinF.
sided) (2-sided) | (1-sided) |Probability
Pearson Chi-Square| 14.245 5 .014 .015
Likelihood Ratio 17.785 5 .003 .004
Fisher's Exact Test| 12.272 .011
Hnearby Linear | 6.935 1 008 | .009 | .005 | .002
N of Valid Cases 320

a 6 cells (50.0%) have expected count less than 5..-The-minimum expected count is .81.
b The standardized statistic is 2.633.
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Independent Samples Test

512

Levene's Test for

Equality of Variances

t-test for Equality of Means

F Sig. t df Sig. (2-| Mean | Std. Error | 95% Confidence Interval of
tailed) |Difference|Difference the Difference
Lower Upper
SHEAR Equal 473 492 3.194 318 .002 | 4.0461 | 1.26691 | 1.55350 6.53866
BOND variances
STRENGTH assumed
Equal 2975 [12.886| .011 4.0461 | 1.36023 | 1.10483 6.98733

variances

not assumed
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Al S P Na Ca Ti Cr Fe Co Ni Zn Mo Pm Ba Re Si
4all® <1 25.7 61.4 11 1.5
1 control 1.269333 0.874 22.392 60.63667 11.14267 | 3.68733
Temp-Bond 11.5013| 0.24 0.07667| 13.022 | 0.98733 30.37333 | 38.19 | 5.6133333
2 TbAL 21.948710.243 0.83533| 19.29733 | 0.85333 48.19733 8.21733 | 0.29867 | 0.11
3 TbhGB 10.988 22.38867 | 0.47667 54.136 12.01067
4 TbRel 0.588 17.088 0.564 1.14 | 55.45667 | 1.952 | 10.182 |12.4073 0.62
5 TbLR 16.1467 0.428]0.33533| 20.16333| 1.466 | 1.046| 48.73867 11.07067 | 0.60533
6 TbMo 0.166 | 18.52733| 0.50067 55.11067 | 7.314 | 10.41733| 7.712 0.251
Al S P Na Ca Ti Cr Fe Co Ni Zn Mo Pm Ba Re Si
TempBondNE | 7.14867 | 0.635 9.703333| 1.132 [0.378| 21.39933 | 56.86 | 2.738667
7 TNAL 21.2307 0.91 19.88 0.068 48.006 9.904667
8 TNGB 16.752 0.144 20.896 0.224 |(1.068| 49.214 11.11533| 0.58267
9 TNRel 13.87 0.28333| 11.47267 | 0.07667 37.818 |17.505| 7.877333|9.65467 0.134
10 TNLR 0.113| 0.424 | 20.32333| 0.17467 56.55067 15.17467 | 7.23933
11 TNMo 17.6613 0.41067| 19.732 0.202 47.32333 | 4.6133| 10.07333
Al S P Na Ca Ti Cr Fe Co Ni Zn Mo Pm Ba Re Si
Dycal 13.9153 | 0.453 | 2.068 16.4 | 3.0587 | 15.00333 | 0.86533 33.514 7.462 | 6.003333
12 DAL 21.0707 0.874 19.626 | 1.13867 48.39133 8.898667
13 DGB 14.7073 0.11667 | 21.52867 | 0.228 51.82933 11.59
14 DRel 1.31333( 19.10667 | 0.15467 58.53133 11.17067| 9.722
15DLR 12.814 0.233] 0.09533| 21.468 | 0.52467 52.96067 11.22867 | 0.68067
16 DMo 8.52 | 1.77533| 18.02533 53.71 8.284667 |9.46267 0.223

"15199 56 udavavdlsznauuassInlavcHauMULEENNHAR (4all®) narasAlsznauaassinlanzaandniia-TasifiauuuiuRlzasnaudac1eeine
anAsIsEimaadadnasaaulniasalatluuunszaiandeeu(EDS)

( FraalnaiuaziuugndriadaaddlsznauaassniiugdoinsgrichaiasasEDSwuITe 5 alu 3 Gudiatineg )
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