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2 % Bdg FAAMI: tile AE cement mortar7t 2Eojof sE BA9 23 B4, 2904, open time, AAARAT AP 52 g4
AZI7L E B ATl AE mortard] #olekE EstMTe) ERuSS ZesYe o UEhls EXS um wAstEth Mortarl ¥4 98 F1=
hydroxypropylmethyleelluloses] 4% ¥4 starch® 71 $224 mortars H4A4S $4)5HA4 Zrtgol AAHAL, open timeol ZoA 24
Aol #Fsgich BYel HAREE Eol7] Y8l polvacrylamidest ethvlenevinyl acctate 27 A, wpehd s

s

gt mortar 2H4 2 Elde} HAS =

B2 7] mortar HAHE ZAIZTE o9 @7 melmente] ¥7bz mortarl]l #FE Fol AYH L FAAZD o]F H7AY VLWL coment
ol sl hydroxypropyl methylcellulosei= 0.80~1.20%, starch 0.10~0.15%, polyacrylamide 0.001~0.015%, cthylencvinyl acetate 0.05~0.10%
melment 0.003~0.005%) 3149 9 tile cement mortar®} $40] FALL < 5 9.

NE ot

Abstract: In this study, to improve the required propertics of tile cement mortar such as excellent water retention capacity (WRC), workability,
open time, sag resistance, and tile adhesive strength, tile cement mortars containing the several additives with different ratio were compared and
analyzed. By adding small amount of synthesized starch to hydroxypropyl methylecllulose (HPMC) which is used for improving WRC, the decrease
of moisture evacuation from mortar surface was observed and the workability of mortar was improved with long open time. Polyacrylamide
(PAAm) and cthylencvinyl acetate (EVAc) were also added in order to incrcase the adhesion of tile. As a results, the saggings of mortar itsclf and
tile were decrcased and the adhesive strength of mortar between base and tile was enhanced. By adding melment, the workability was improved
by increasing the fluidity of mortar. It is postulated that the properties of tile ccment mortar was improved by adding 0.80~1.20% of HPMC, 0.10~
0.15% of starch, 0.001~0.015% of PAAm, 0.05~0.10% of EVAc and 0.003~0.006% of melment to the cement mortar.
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1. M 2 cellulose ethers # %A hydroxypropyl methylcellulose (HPMC)
T mortar7h vt} R 2o} FRo LS WAl BEAS
AFAgNN B A2 WA 9 siaes g7, FAEE shs 28 Frhdoln, o7lo] $A starchBE H7heh
W, Wrke e 22 o anst Holtn AFe) et o BedE JHEA 8Y RRAAR mortare] AobEe w3y
9P HAoR 4529 ngdzd 2 £97 27150 Qo ol open time2 RAEAZIRE 37 A9 AYPa Yryas A
B9 7S 235ty AajaE Lol Baagn g2 A Aelob 331, FEFAA melamine FTE melment= 24 S
T, B HAAE $ADo2H sz e 2AY FA 81, polyacrylamide (PAAm)E AMEQREZ  L3AA
o 24 Bl RAAYe gt F28 FHA BUdRe mortar®] EWEE A she] tile RN HIHS AMan,
cement mortar’t A4 FS F83 ZEE 5] 9laf vjuw o g ethyleneviny! acetate (EVAc)= ul9d 3} BldAbol9] mortare] &
Qo F5E PA3to] mortare] ZEHE ZEaA AT v AREE B2A7E B8S 63, 49 cement mortard]
748 (water retention capacity, WRC)# whd o] mortar =X A] & Wl ERHoRN B4sle 3IEE Fo7) A4 239
AE Fea s 2aA (workability), mortar®] %23 g} AL B8 st ¥ =RdAE A58, 53 W9y
2ol WA Ashet BARATAR Ashe] ANE WA A5 & HARAd 8% coment mortar7t RFojo} s g5y
T ABAYAY (sag resistance) ¥ mortar® X F gal s nzt water rentention¥} workability, sag resistance, open time 2 E}}
A7 1@ Azbel Zolel AU bSAIZE (open time) S 7HE o wE WALES PR A8 W AohAe Gl
M 958 Aol 2753 AT Cement mortars) F7A % TS FAow, 55 HPMCH 2§58 2448 439
A A 9de R F= 7MY starche] E3H] S0
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Table 1. List of Additives Used for Tile Cement Mortar

Type Trade Name Appearance Property Manufacture
Portland i con Hanll Cement
Cement cement glay powder KS L 5201 .89 Co.
S S 600~
(river) B B ut wee L -
1.55g/cc
Cellulose Mecellose ~ white powder Vis : ~° SFC Co.
ether (2% aq.) (HPMC)
B/D : 0.30~0.35
. Vis 1 ~3400
Starch Casucol 301 white powder (10% aq) Abeve Co.
B/D : 063~0.75
_ N Vis 1 350~550 .
PAAm SC-050ART white powder (0.1% aq) SongWon Co.
EVAc DM2OOP  white powder B/D : 0.40~045 oS! 0058
Melment F-10  white powder BD : 065~065 oo gg"smﬂg
Foamaster PD-1 glay~'\vh1te B/D 1 0.35~042 Henkel Co.
powder

* Polvacrylamide(PAAm), Ethylenevinylacetate(EVAc)
Vis ! viscosity (cps) in aquous solution, B/D : bulk density (g/cn)
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2.1, N2k 2 iz

HPMCHEAw= a4 Ds oA g4t Agse AEE
ASTM 244 %3@1 Ax, N8E 4 78 dEES 24
gou[1-3), 49 pH -l A4d 7MEAth (99%)9 A4t
(35%)& Aldrich Co. Xﬂ%% ZAge] A28t Cement, sand
4 additiveRE Table 19 3 € A5l A#dsHE AEES A
sto] 2ol ALEEen, sandd YAZ7]E 600~850 ume A
712 A7 Edte ARg-stgidh

RL' mlo

2.2, NEHZ

Tile cement mortar®] 483 Adel A7) 98 E3ALY
HPMCSF &4 Z+% additivesE i gste Wioz $-4 HPMCe
a9 addiives®E YBYIER HUPst FASA He F, vz
AES 2HE 1:29 v &2 A mortarel Yol FY
E3tol HEE st olHA AXF mortar EFE] ES Fo
KS L 15929 Z2Zg2 ¢ o5 A2 2838E 9 mortar7}
Zte Aol fAHA HEE uiisle E%E 2Asiod,
cement mortar7t ZtFolel v A4 AAREG B4A, AE
Ay 2 AANEATHE Ba AP
2.3. 71 7]

Universal testing machine
8te] cement mortar9] tile 427
meter (BROOKFIELD)E A}-&3}o]

2 Model HLT-D2)S A&
ZA8192, Helipath visco-
U3 A cement mortar

3
A

(
A7

4 Nlﬂl o}i

Z Az37] s Edshs 3L ZAH3Y L, gas chromatograpy
(VARIAN, E93600CXFID)E A183l9 HPMC ethers® A=
£ BA891, cellulose etherZ v %3t $84 122 #stA9

749 BROOKFIELDAt9] tA¥ HEA Model DV-M (RVE)E
Agste] 47e) HE Ao A gaan.

2.4. Cement Mortar2| MaZT &3

Cement mortar®} tile B&AZE 2R FAY EEAEATE
[45]5 ol4sle] ARE ZAHPHEleR T3 F AHAR
£ mortarg 70X70x20 mme F&£FE £, AYAA 24T
3o 283ta, 14U 2043 TY 754 S F 14% o4
FEAYdM Az olF AlH AL FAH #150 AvkA[T]

.,.‘

2 7hEA dnkd F 2 &9 gle RS AAse 88 A%
€ #Hg o *IJLJ Aok 9ol cement.mortar® HEL
tile
b

mlo WU

50X50%X4 mm 7|2 9k ¥ 45%X45XT7 mmY FAHE

mortar-rl"ﬂ 1, FEMYHE o] 439 mortard FA7F 2 mm
HEE 71¢ tlie ¥ mortarZ AAST EFAElA 28U
A 0}04 universal testing machineE AM&3td] tiled] HAAAEE

524 o}oi ;;}[9 10]

Water retention capacity 37%: Cement mortare] =23
2S Yol mixing® F, SAANZ B Fol mortarel] ol e
229 %2 Jebd gto] water retention capacityo]®, =3y
e gurdo®  filter plate method(10]®} vacuum pump
method(1117} it £ AgoM e A& He o3 && %%‘
& mortars filter plate $lol ¥3 EAANNHEIA F filterol &
9 29 mortare] Folgle £ MRS g AdAS A
43 2548 SAsA
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A& mortard] FoldE £ (g)
WRC(%) = X 100
%7] A& mortarel FHE EF (g)

Sag resistence &4 oFA =X ¢
% tiled] AAEALS SAs PP, 494 mortarg AR

0}01 uelolEd 9o ke Zog =X F

= AAxgEXF)Y A F Fol e FEE & 4
mnes WEL, I Holl tile (8X8 g F
=2 30% B¢ 2Ee O, 38 Xﬂﬂﬂi B9 glol
& AY 208 F tiledl HAAE ZHolE mmTYE A
cement mortar? sag resistanceZ =Ast3tH12].
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2.5. Open time &3

Open timed cement mortar°|l tleg FHAANZ F# gle
workability®] 74 A%’ H9, ol mortar Yol FAE tiled
€d dAg FAE 71 F tiles Eﬂc’hﬂii o tile A4 FH
50% A=7HA mortar’t Boluw ARbE ok Ay AMgEH e
cement mortarE AW LAYUEZR T PYePolE 9o TEI F
AtEEY Fo] AT FEE 60° 4EZ 4 lineol HEE AFE
\:}S, 10" Fol tile 50X50 mm)E £, 3 ked] 5 1027 &
& F, tiled HAURAL o tile CH EI9E mortare]
‘?’;Zﬂ‘—% %2 @ArgT) o)3 2L 5§ AR B tie
EAel 50%7tA] mortar7t 2ojus A12HE £33t open timed
At eH13l

)

A
Z

2.6. Viscosity &8
£33 H7HAE EE3 cement mortard) B&E ¥ TE A=
A4 mortard] 7YY FEs ey, HAEE 2AHE) o4
e A7lEe E29 AAstdof dhu). Helipath ZEAZE &5
oq 20 C F2A4 ¢ 400~500 cpseld F 1@ g
cement mortar®] water/cement ratio® ZAst Zo EeS 7
Asted Hrt EEEG R, 22 AvkA9 HPMCE LJJEM 2%
FE2 FA49 TR BN §d0) AdADE 2% Ave}
o dFtESAA FoEH A3 %9 F 20£02 T, 20 rpmol
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Figure 1. Effect of additional HPMC of different viscosity on
the water rentention of the cement morter.

A AEE E4agt
3. Z% ¥ 1%

Cement mortar®] water retention® 9% &9} YAz}
At HPMCE #71eh AlESgolA HPMCY) #713 ¥ ®x
of o HEygel BAE BFA Figure 12 HPMC/cement
M/C)9l 7ol w2 weAdel Weks Jehidn. 2ke] #7}
& Skl wek Begde G4 Foee ARS 2 5 99T,
LAF (% 1.0% M/C) ol golXe Hrtekol BA0] $AS =
< BFAE YEn el Tiles 237 9@ cement
mortare] H7bhs HPMCS Ze H4AT A5 EL BHEA)7]
© MU & 08~12% M/C7t 7}% %2 open timeS 7HAS
& & Ak Mrkele HPMCO AE7F WolA ™ mortare] ¥4
/do] Wolz| uigwln tile® 420 %-?5301, mortar?] dryout @
ol Ueh AgERs Agw, 13 -% AHEEE MEA S
FEEA T, mortarf ol FE& £33 AXNPAE mortar TW
o Zrpgd el Haso] AshE open tim e°ﬂ tileg €Y + ¢l
of Aado] F43 Wolde & + gld. 7EE HPMCY
bR wE AP Bps AQELS BEA7)E Bruy
st A BAC AEsIo} gl

3.1. Starch®¢
9| Hg
HPMCS @4 starch9] E7lo o3 cement mortard] o 2
3¢l open time¥} B4e BAZ AWHA) Table 2= mortar
A BRI H7b A, Feb Hs vlgel td wEs dego
starch?] H7hgo]l B2 B4HL Ta Yolxle Aol U
o, HPMC#Hel W& starch 3317} U8 Aoo glojis
cementol H7}shs HPMCO #o] Bold42 neye Zriss
Aoz Mol HFAL HPMCY E@ad] 9ake =37 weg o
F AN AAMEANA  cement mortarE ) HPMC+starCh/c
ement®] ¥|7F o 10%9] M 7} F2 open timegts ¥
T A2, starch@e HPMCol sl 10~ 15%2 &% AnsE
22X EA4ol A FAHE AL L 4 ATk Table 3& T

&7l oI5t Cement Mortare] Open Time

T4, A104d A 3 %, 199

Table 2. Water Rentention and Open Time of Cement Mortar
Depending on Ratio of HPMC/Starchs

Experiment No. 1 2 3 4 5 6 Remark
Cement/Sand(g) 100/200 - — — = - cement/sand
_ - 20,000 cps
HPMC (g) 1.00 0% 09 08 068 1.02 (2% aq.)
Starch (g) 005 0.10 015 012 0.18 casucol 301

Water (g) 690 735 750 735 745 680

Water (%)
Retention

Viscosity ~ (cps) 440 440 450 430 430 450 cement mortar
Open Time (min)

750 745 735 720 710 770 filter method

10 ++ ++ o+ A 44 ++
15 ++ ++ o+t 4+ 4 ++
20 + ++ o 44 + ++
25 +/0 + ++ ++ + ++
30 +/0 + T+ v+ +fo 4+
33 0 /o ottt 4fo 4+
40 fe) ++ ++ o) ++
45 0o +Ho to o +
30 +/o +/o +/o

bad bad good good bad Z%°Y
sag

*Open time appresiation © area ratio of adhered mortar on tile base,
+ 0 50% up, + 1 40~30%, +/o 1 25~40%, o : 25% under

Table 3. Water Rentention and Open Time of Cement Mortar
for Starch and Various HPMC of Different V. 1scosity

HPNC Viscosity

4x10°8x10° 15%10° 20x10° 30x16° 40x10° 50x 10° 60 10°

(cps)

Cement (g) 100

Sand (g) 200

HPMC (g) 0.9

Casucol 301(g) 0.10

Water (g) 66.0

e % e n 5 o ow ow W

Open Time (min)
10 o+ 4t . ++ + ++ ++
15 ++ ++ ++ ++ ++ ++ ++ ++
20 4t 4t ++ ++ +4 ++ ++
25 P - ++ w4 ++ + 4
30 v 4y ++ ++ 44 + +
5 + e+t . + + + +
0 o o o+ +t + + + +
45 o o +/o + +/o + +/o +/0
0 +/0 +/o 0 0 0 0

sag good good/dry surface dry

& 9129 HPMC:starch (9: Dol ] HPMC9] H%o] @& cement
mortar?] B4} open timed] WaE g, drbsls
HPMCO 57 5445 B340 275: A% dehuy 2
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Table 4. Effects of PAAm and EVAc on Sag Resistance and Adhesive Strength of Mortar/Tile

Experiment No. 7 8 9 10 11 12 13 14 15 16 17
Cement/Sand(g) 100/200 - - - - - - - - - -
HPMC (g) 090 0.8%9 0.8% 0.891 0.842 0.788 0.801 0.711 0.621 050
Starch (g) 0.10 0.100 0.100 0.100 0.093 0.087 0.089 0.079 0.069 0.05
PAAm (g) 0.002 0.005 0.010 0.015 0.025 0.010 0.010 0.010 001
EVAc (g) 0.050 0.100 0.100 0.200 0.300 044
Water (g) 72 - - - - - - - - - -
Water Retention (%) 401 7 15} 7 74 7 7 70 70 67 62
Sag Resistance  (mm) 10° 45 45 25 15 101 30 101 20 25 60
Adhesive Strength (kgf/cmz)

open time 10min 15 139 140 140 165 185 19.2 19.0 185 200 145
20 05 6.0 6.3 7.1 89 138 139 132 140 130 91

30 - 2.0 47 52 80 10.1 100 97 105 75 -

40 - 24 2.3 38 55 75 6.1 7.7 - - -

X X X X X 0 X 0 X X X

* Adhesive Strength © average values of five specimens. O @ good, X : bad

AAHAA = i’\ *01 =eE #AHAE ¥k Cement d BEg Trdg 2 AEAss A 20714 @Eth Ca”®
mortar?] 24 TEsE &5 HPMCY 2% 8% A= iond 2 ZAE FHoleg FHdn e ARE dAE =9
15000~20000 cps —rTLO‘ A eFee BAAE JYEE fleH, o] o3 whgAo]l AR FEHAZ HoFozH F5H
2} ¥ Awe] HPMCE #718 mortars ZAATre] &1, 7 A7 AHMEGA Tdo FHale] AWEJAE FAALOEA
Aulgdo] XA mortarAA Y ZEldEle @48 Holi gle G=MS ZA 322 ulgdol cement mortars EEXATE F4
o =& Hxo HPMCY #H7ke Xﬂ“’é AHe BEEY R B g AN AX A9 H7HE cement mortar?] Aol o
& B71Es A7) WFel mortard] F3|7F gojun, ZEvigd 2HAE = mortartf 9] F7]HE 243 Fo24 -‘Jr & F7ld 9
g = Utk & mortard] ¥ E7HE WA, tile 43 Fo HALEE TR
A7) 428 Ik 584 (melment) 8 23X A (PD-1)9] Azt
3.2. PAAMI EVAcOl| I3t cement mortar2] MEZTe| dg 2ol 23 cement mortar®] 4 E“;E}‘? Table 5o JeERRRATH
A A o] HPMC, starchs} 37 ¥olFE PAAmSt EVAcY # EgAel Ftel o8] mortare P4l AMEE A& ¢ F
7bekell th@ cement mortar®] HAAAEN YAZES WIS gowm AxAe] Hrizko] F7134= cement mortar® ¥7]F2
Table 4] YeRIIT. cellulose etherF 9t 2©] mortare] AH5E AojA A Yoy HAFEE tda Yo BEE Uehie A
raAe) d8¢ s PAAmE 29 gl os &aso & g 5 dgdth AFe] A2 cement mortare] AHAH HEH
mortartf el AIWE QUAE $FFoM FRulEdE EEA ARE= %E}W?]'\Z FE5aAs 229 IS H7HE HPMC
mortar, 449 Felyde WAk 48E s, PAAme 7} Zof ds] 274 03~05% A= AAHRY Aoz yehh

ol wobrel we AWE QA7 gl Bsel =EA

vleei el A28 AekAA mortar AAQ] Felyd gl 2 4.4 =2
A veEdE 248 ¢ Addeh £ PAAmE AWES 2& ¢

Frel gl e Zheart A LAE7] e 2% H7t] o 7 7 i%q oA 2 Bo] ALLEE Elele] BN FLE
A ¢3EE vehly] do ZeEaitse s T3t flolA Aadgzs g ved AELTe me gt dumow
= Aoz #Hch EVAcE ¥Hol EX3 cement mortar®] TEATAMES =0 B4 E39 cement mortard] 2E &
ule e tlentdol] U3 AL A7) A8 Hrlstgon, g2 WAL Aristo] AbLsln Yok WYHE BAL o)y
EVAcel #7keel Webdel meh mortars] APEAL A 8 9% B9 H§ cement mortar®] WrHAZE HEHE FHAE
AT} glow tiled HAZE=IF A7bA vl wobAE As @ 2Hoz 713 wol ALRsk: HPMCE 7120l 3rlol7] i
F et Yy EVAce o Hvke AdAHSE cement mortar7h 7HAol B HEAS $AT £ Qe HAZL A7l
mortar®] ¥F4& W Shel open timeol obdl A agel ¥ oo} @k HPMCE A4 357t 24% mortard] HEE ¥
ol A7 H9ieh. HPMCY #ell tish PAAm®] H7 &2 1.0~1.5%, A s BEAS 2 3 mortard] WA FHogel 4B
EVAcE 50~10%7t A #o=2 AdHAch ADL oAt mwol 7)o o5 Aul2 FAL $uae] g
dRAg o7 stn $2E AdAIE GHl U & =F
3.3. 7IEl Additive2| &7toll Z Cement Mortare| 249 oA olae 9AS Bl Yu At ARARS 233l
Azt propylene oxide$} 3}8Mt3-A171 starchE H7MlE2 24 HPMC
dutEel fEIARE GEgdd Bedd, Eefst2 g ol 98 H&ENE S EHEA AANNS AA # F 5= gk
3} Z A AATL Bol "}%E]«L 212 %[14-16], cement mortar MortarS wHEtole] Txeb ell2ad X "o A mortar?}t 7 55| ol
o) BibAlel FEatAlel #@rlel 9s mortar®) Iﬂoﬂh g HARCE 2dZy] A= H7ls SRS 2K 93
FA g AJAT FAATIH, ARE sEukgel o 27 cementPAE SHAA FAHE PA7IE AEAHAAL PAAm
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Table 5. Effects of Melment and Formaster on Workability and Air Content of Cement Mortar

Experiment No. 18 19 20 21 22 23 4 2% 26
Cement/Sand (g) 100/200 - - - - - - - -
HPMC (g) 0.9 0.8% 0.8%4 0.892 0.8%0 0.89%6 0.892 0.890
Starch (g) 0.10 0.100 0.100 0.100 0.100 0.100 0.100 0.100
Melment (g) 0.001 0.003 0.005 0.007 0.003 0.003 0.003
Formaster (2) 0.003 0.003 0.003 0.003 0.001 0.006 0.007
Water (g) 72 - - - - -
Workability -) X A ®) © ©] O O © O
Air Content (%) 23 152 8.1 79 78 79 146 74 6.7
Adhesive Strength (kgf/cm®)
Open time 10min 15 139 144 150 148 14.3 14.1 146 144
20 05 6.0 89 1.2 106 91 79 87 80
30 - 50 53 6.3 6.4 6.0 50 59 55
40 - 24 27 39 39 34 2.8 36 33
* Workability. © : excellent, O : good, A : normal, X : bad
& EVAcY &g 93 mortardA el e RaEge] (1996).
s LA 2D vi"gEd 27 224 FA5E5L 287 9 3. K. L. Hodges, W. E. Kester, D. L. Wiederrich, Anal. Chem.,,
d FESAE AHgstden], HPMCS 22 HAL 2= Hil4 51, 2172(1979).
9 = s B cement mortars] THIE WREIE A 4. 42FAF4, JIS R 5210, Portland Cement.
ANA mortar 3 2T 9 HAL Pxs] daf A2¥AE A 5. KS L 5201-89, Portland Cement(1994).
7V F3ch Cement@eol sl HPMCE oF 1.0~15%9] 77} 6. %l%*‘ﬂﬁ‘ , JIS R 5201
F2 27E dow, 7le HrkblE HPMCZl oish starch 10 7. 48F974, JIS R 6253,
~15%, PAAm 10~15%, EVAc 50~10%, melment®} AZA= 8 dEFdTA, JIS A 5209
03~05%% H7FlE 2 M tile cement mortar7} Z3ojo} & & 9. d&EATE, JIS A 6203-96(199).
49§ water retention® workability, sag resistance, open 10. DIN 18555 Part 6, 7, Water Retentivity(1987).
time 2 adhesive strengthe FAA| 71 mortarE Az £ Ay 11. ANNUAL BOOK of ASTM STANDARDS Vol.(4.01. C91-91,
ok gy AAERY A gl lojxE Adwel tden Ags (1991).
= A7MY FFY ARE, Zee MAd wel gelx]y] wjie) 12. DIN 1164 Part 7, Sag Resistance.
ZA M B3 an Hrbeko] s HES Hasy) 13. DIN 1163 Part 7, Open Time.
14. %3 > 70 - HEFBORE & BSEA, p. 40, CMC, Tokyo,
FI N =N (1995).
15 “232E EAT”, p. 49, ST 22 E83)(1997).
16. Y. Sekiguchi, T. Ukigai, Proceedings of Third International

1. ANNUAL BOOK of ASTM STANDARDS. D 2363-79,
(1979).

2. ANNUAL BOOK of ASTM STANDARDS. D3376-9%,
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