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Abstract: DMA-co-DAMA were synthesized from 2-diethylaminoethyl metacrylate and dodecyl-metacrylate contain-
ing long chain hydrocarbon group with hydrophilic and hydrophobic radicals. To facilitate water emulsification,acrylic
copolymer was cationized by acetic acid to produce acetated acrylic copolymer. The structures of the synthesized copoly-
mer and acetated copolymers were confirmed by IR, NMR, and molecular weight was measured by GPC, and C. H. N el-
emental analysis. Acetated acrylic copolymers were perfectly emulsified in water and showed increased emulsion stabili-
ty. Polymer dispersion for cement modifier( PDCM-PDD) was prepared by blending of the guaternized acrylic copoly-
mer synthesized above, sodium silicate, sodium gluconate, oleic acid, and triethanol amine. The result with prepared
polymer dispersion of cement modifier was examined, and it was found that excellent waterproffing effect; Water
permeability ratio is 0.44 under the water pressure of 100g/cm® and 0.55 under 3kg/cm? and water absorption ratio is
0.36~0.47 and 1.02 compressive strength ratio at mixed ratio of water/PDCM-PDD is 45 times.
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DAMA 18.5¢(0.1mol)& 93 7§A1A AIBN 0.5g&



Aldle 2314 FEev $A} 2 SEo B} AT 671
Table 1. Physical Properties of Portland Cement
Item Setting Time ) Compressive Strength( kg/cm?)
Raw Tnitial Fial | >cundness | Fineness
0 2
Material (min) | (hr:min) (%) (cm'/g) 3days 7days 28days
Portland Cement| 6:30 0.12 3210 207 287 392
(Type 1)
Table 2. Chemical Properties of Portland Cement (wt. %)
Composition SiO; AlLO, Fe,0s MgO SO; Ca0 Ig-loss Tota
Wt. % 21.0 6.4 3.0 3.5 2.3 61.4 14 99
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o]7¢] dz el WL b5 2cH(Table4).
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Table 3. Polymerization Conditions and Physical Properties of PDD

Materials Reactions
Products DMA DAMA | Initiator | Toluene Temp. Time | Convesion| Stability in Water
g(mole) | g(mole) g ml () (hrs)
PDD-1 254 185 BPO 0.5 25 70 4 68 Completely Emulsified
(0.10) (0.10)
PDD-2 254 185 AIBNOS 25 70 4 79 Completely Emulsified
(0.10) (0.10)
PDD-3 254 204 AIBNOS 25 70 4 84 Partially Emulsified
(0.10) (0.11)
PDD-4 279 185 AIBNO.S 25 70 4 84 Completely Emulsified
(011) | (0.10)
PDD-5 224 148 AIBNOS 25 70 4 73 Partially Emulsified
(0.096) | (0.08)
Asbeld), 7jA)A= BPORt AIBNZo] £ty A
e wad AgtsEgot Fes 9H 4359 ]
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Wavenumber( X 100cm™")

Fig. 1. IR Spectrum of PDD-4.

ppm(d)
Fig. 2. NMR Spectrum of PDD-4.
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Table 4. Elemental Analyses for PDD-4

C% H% N%

Types Molecular formulas =<3 —T"% nd | Calc. | Foud | Cak. | Found
PDD-4? CosNuN O, 71.07 — 11.66 — 319 -
PDDH4 Cr. eHsNiOs 2 71.37 71.31 11.20 11.40 3.01 3.01

a) prepared by reaction of DAMA and DMA, stoichiometric molar ratio 1: 1
Table 5. Reaction Conditions of Cationation of Copolymer
Materials Reaction Yield Stability in
Products Copolymer AcOH Temp. Time (%) Water at -5C
g( mole) g( mole) (c) (min.) (for 4 weeks)
PDDC-1 PDD-3 22.0(0.05) 3.6(0.06) 70 60 90.5 Completely Emulsified
PDDC-2 PDD-4 22.0(0.05) 3.6(0.06) 70 60 93.8 Completely Emulsified
PDDC-3 PDD-7 22.0(0.05) 3.6(0.06) 70 60 88.6 Partially Emulsified
CH; CH;
| | 1 CH:COOH
® CH,-C CH,—-C
e | | CH: J
g COOR ) x COOCHN 1-x
: CH
5
3 CH, CH,
L . ‘ . ) | |
0 20 25 30 35 40 CH-C ﬁcﬂzc
Retention time(min) | | C.Hs
Fig. 3. Molecular weight distribution curve for PDD COOR } COOGHN Ix
. - CHs
-4 determined by GPC. CH,CO0H

2 Fen94% A% 20t Yo, 302 W
ol 5ol A4 Qi Felvlel Mw/Mn
@l 15~259 Mo ul$o) ¥ o ¥ $xE
A8 9A et Aloln oleld de 44
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Aol A 44719 AAEd AHYINE 2T
17 W% Ae® AzAen. =@ PDD-49 94
24 234% Table o] EAWEH), 455 md2
Ao N @3¢ 71202 s doz ARAE 3
48 & A% PDD-433UAY H¥ DMASH
DAMAS| 44 #$8 2wt 11: 1002 35
Ag ol glgol Wz

3.2. 58 o Yo|25} gz W
PDDC®] 342 Scheme 298] dubA]o 2 FA|H

Z43s, A5 A43, 1994

R: C1sz5( PDDC)
Scheme 2. Syntheses of PDDC.
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Table 6. Elemental Analyses for PDDC-2

C% H% N%
Calc. Found Calc. Found Calc. Found
PDDC-2 Cas ¢HesNiOs 67.73 67.71 10.67 10.77 267 2.65

Types Molecular formulas

3. 3. PDCM-PDDE Z¢&5t Ho|AE Y 2=2El=29
=4

WV 331, s7Az U ok =8
M PDCM-PDDE £33t AWIE so|AES] $74]
743} QbgA A A= Table 75} 2.
Table 7. Setting Time and Soundness of Cement

Paste Mixed PDCM-PDD

Transmittance(% )

‘ . , , \ Ttem| Mixing Ratio of Setting Time

25 20 15 10 5 Water/PDCM-PDD |Soundness| Initial |  Final
Wavenumber( x 100cm™") No. (Volume) (mm) (hr: min.)

Fig. 4. IR Spectrum of PDDC-4. A non PDCM-PDD good 255 6:30

B 5 good 210 7:30

C 10 good 215 7:15

D 15 good | 230 | 7:00

E 20 good 235 6:45

F 25 good | 245 | 6:30

G 30 good | 250 | 6:30

H 3 good | 255 | 6:30

I 40 good | 255 | 6:30

] 45 good | 255 | 6:30

K 50 good | 255 | 6:30
Ao B o $AHAZ A At zlolr} 9
5 8 7 6 5 4 35 2 1 0 o} 2 wsh: glond AAY FFAMA[2A: ]
ppm(8) ARt 20104172 oW, AR AR 79D v
Fig. 5. NMR Spectrum of PDDEC-2. ij;i}%] ZEo2 & u BF ojdo] gl Ao

glo]Eo] 7]al® wo]=[31]7} M o] Yehd FHeo
2 ujFo] FFRA L Jol23} o] FiHeE Fa
& 71 9lgdch. =3 Table 33 Table 6 747}
PDD-4¢ PDDC-2¢] 1484 ZHzeld A&7}

3.3.2 = &3

PDCM-PDDE AJHE 2= EFsos o 2
e PAE 9FE AR ANE E¢A
}g_l;—.;r; & 1}94;)_,—,)]; rlolaV 2 Al 21 6 SN oA=L
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Table 8. Compressive Strength of Cement Mortar Mixed PDCM-PDD

Item Mixed Ratio Compressive Strength
of Water/PDCM-PDD 3days 7days 28days

No. ( Volume) kg/cm’ ratio* kg/cm’ ratio® kg/cm? ratio*
A non PDCM-PDD 207 1.00 287 1.00 392 1.00
B 5 149 0.72 201 0.70 282 0.72
C 10 157 0.76 210 0.73 294 0.75
D 15 161 0.78 227 0.79 314 0.80
E 20 166 0.80 239 0.83 330 0.84
F 25 178 0.86 250 087 341 0.87
G 30 181 0.87 273 0.95 373 0.95
H 35 189 091 293 1.02 396 1.01
I 40 207 1.00 293 1.02 396 0.01
] 45 211 1.02 293 1.02 396 1.01
K 50 211 1.02 287 1.00 392 1.00

* Compressive strength ratio of cement mortar mixed PDCM-PDD to neat cement mortar

Table 9. Water Absorption and Permeabhility of Cement Mortar Mixed PDCM-PDD to Neat Cement Mortar

Item Mixed Ratio Water Absorption Ratio Water Pemeability Ratio
of Water/PDCM-PDD 3hour Shour 24hour Water Pressure Water Pressure
No. { Volume) kg/cm’ kg/cn? kg/cm? at 100g/cnt? at 3g/cm?
A non PDCM-PDD 1.00 1.00 1.00 1.00 1.00
B 5 0.30 0.38 0.42 041 051
C 10 0.30 0.38 0.42 041 0.51
D 15 0.33 0.40 0.43 041 051
E 20 0.33 0.40 0.43 0.41 0.53
F 25 0.33 0.40 0.43 0.43 0.53
G 30 0.35 0.41 0.45 043 : 0.53
H 35 0.35 0.41 0.47 043 0.53
I 40 0.35 0.41 047 0.43 0.54
J 45 0.36 0.42 047 0.44 055
K 50 0.40 0.44 0.50 0.44 0.56

gage FRAZAY A AT 3o o)
Asfo] 2APEANA 7V Fa¥ A= FEE #7
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7ZEwol 4= PDCM-PDDE 40wl 8% 54354
Age e wdo] 100% oo AuE
249 S A7 gorl 2T 57 BHE By

o

e
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Fig. 7. Chemical stability to 0.1N-HCl, 0.1H-H,SO, :
( 0) Basic(HC1), (e )PDCM-PDD(HCI),
(A ) Basic( H:SO, ), (&) PDCM-PDIX H.SO, ).
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(A) (B)
Fig. 8. SEM photographs of hardned cement mortar.

(A)
Fig. 10. SEM photographs of 2% PDCM-PDD solution added cement mortar.
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