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Abstract: To study the effect of incorporation of a surface crosslinking layer on a crosslinked poly (sodium

acrylate) (cPSA) absorbent with ethylene glycol dimethacrylate (EGDMA), we synthesized several surface

crosslinked cPSAs with EGDMA by an inverse emulsion polymerization method to delay the absorption of

excess water in concrete. Liquid paraffin was used as a continuous phase. cPSA was synthesized with

acrylic acid (AA) neutralized with aqueous 8 M sodium hydroxide solution as a monomer, N,N—methylene

bisacrylamide (MBA) as crosslinking agent and ammonium persulfate (APS) and sodium metabisulfite

(SMBS) as a redox initiator system by inverse emulsion polymerization. FTIR spectroscopy was used to
characterize Ca®" ion interaction with cPSA and cPSA—EGDMAs. The swelling ratios of synthesized

absorbents were evaluated from the absorption in deionized water, cement saturated aqueous solution

and aqueous solution of calcium hydroxide (pH 12). Equilibrium swelling times for cPSA and surface
crosslinked cPSA with EGDMA were 2 and 3 hrs, respectively. We also observed an increase in setting

time of the cement and an increase in the compressive strength of mortar by addition of the synthesized

cPSA—-EGDMA.

Keywords: absorbent, delayed absorption, redox initiator, inverse emulsion polymerization, swelling ratio.
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= E3telo] ARgaRE 2R ke of ek ofegh A9 e A Al

:
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Al A 2. 2 H3elx 3 7l cPSAY] S W/O 3t
FRro g AREIIth F5A £21%1 cPSAY] T8 B. Kriwet 59
ATEM Fxslo], AR paraffin liquid CERAIEEED 2 AMg-8lA
17, AAEIA= Span 80(Sorbitan monooleate, Yakuri pure che—
micals) ¥ Tween 80 (Polyoxyethylene (20) sorbitan monooleate,
Qs = ()& 75 ¢ 25 HEF ulEE ARESIGITE Span 802 HLB
(hydrophilic—lipophilic balance)+= 4.3°]1, Tween 802] HLB+=
1500122 FAHEEAAS] HLBE 7.00] €k AP acrylic
acid(AA) (ducksan pure chemicals, guaranteed reagent) & 8 M
NaOH -89 (Aldrich) 0= F3s}AIA ARSI ZIAAIE APS
(ammonium persulfate, Sigma Aldrich) 2} SMBS (sodium metabi—
sulfite, Sigma Aldrich) & AR5} redox 8-S AAIIAC) 71wA|
= MBA (methylene bisacrylamide, Acros Organics, 96%) & AM-
3I3itk olgh Al AAIGle] IR ARSSISITE

=31 cPSAE W 7lwA7)7] €81e] EGDMA (ethylene glycol
dimethacrylate, Sigma Aldrich) E 7}A| = ARg313 a7, LPO (lauroyl
peroxide, Sigma Aldrich) & AFA|Z ARESIIC)

SR FEEAE A8t 2 1000 mL 57 pyrex 2] ¥+
ZZ AM31913, WY1 Dathan ScientificAke] WiseStir Mg Ag-3}
Ak T8 ice batholA] ArTE}e] 5 C olap7} == sk

E+H W/O 858 574 £4821 cPSAY T8 F WA=
AABITE A A DAl s REg2eell 4457411 paraffin liquid
100 goll FAHEAA|21 Span 803} Tween 802 22} 2.25 g3}
0.75 g& =3teto] Whgzol "ot 7 WA A= tiE 871l 8 M
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NaOH 4=8<¥ 30 g 97 ice batholl ¥5* %, 7kzAIQl MBAE AA
2] mole <=l t8}ed 0.15 mole%2! 0.05 g& 715k, APS AHA|
206 g T 1 F AA 15 g2 T Frlslo] F3ldo] g8
AAE WA gAsisdn) olelgt vlgE E3shE NaOHZ 53kl
e AAS] F3PE 90%7) ok

A A A2 golS F A DAloA AlFE Sa) A vk
o EglePd FEPYEl Tk W RS W, ), Sk, 2
A 7R T B 2EAIE 77 RSk Aas 8171004 100 rpm
o= yRisPEA 252715 C olshE wirA 71tk 5715 C
olalel] =eahd 2] SMBS 0.6 g& 2ol 2 mLel| galA A=
LAE FAPNE ARSBIe] HA8] F4IsE F 3053t RESAIFTE
Redox 7IAAIQ1 APS$} SMBS2] mole 45 B3] B APS+=
2.695% 10 moleo]™, SMBS= 3.156 % 10~ mole©] ©tk o] 63}
AElE AASE NaOH 80 =2 o]foxl X4 2AMdo] 30 wit%,
paraffin liquide} SAAZ A2 Z3t g0 2 o] Folx] X A5
o] 70 wt%7} ¥tk

cPSA EW 7w, cPSA 3ol SMBSE APSKHU} ko= ALg-3}
o2 8 F cPSA Al Holgl= SMBS 0.416% 10 mole¥}
EGDMA®] g3li=]e] 1= 0.05 go] LPO 0.126 X 10~ moleell 2J3}
o] redox WEE-OF cPSA {IR] el EGDMAS] 7hnks-2 235}
Ak
Hlelx 3 PSA2] 31 7krE $18e] LPO 0.05 g& EGDMA
5, 10 9 20 goll €315+ % paraffin liquid 20 g¥} 22} £3+&19ic)
cPSAS] ZFo] Euhd o] g4 7181 ice bathelM 5 T olskz
FAI8H 30452t 100 rpm O Z wRksH REEAIZLE F3o] Eit
W n—hexane 100 mLE 371514 842171 3 methanols AR5k
o] micelleS 73 -SHAZTE 1 ¥ methanolS ARE3le] 33 t A
2 380 C2] dry ovenollX] 4847+ AZAAC)

THE & 2. cPSA 58l cPSA-EGDMAES] F5 F2 F
IR kS S Slsle] 1AxE S0 AHSES el

FE-SEM £8XM. Z17}0] Z515 S5:AES S35] & 8 Aejell
4] n—hexane 2= 108l 3418} slide glassel] Hojredd & AZA
o} 7z Z17}e) Al=ES Pt coating $- Hitachi S—43000% ¥zt
ek

WRH| £3. Nylon screen(250 mesh) = tea bags YH=9]
cPSA¢} o] EGDMAR 7hie cPSAS ZH2+8 ©ol &2 pH 12
] Ca(OH)z =89 "l AlRlE 323} S=gollofrfo] SEH|E 1535 3+
Ao w SRtk AIE 28 g8 Az gol5 2000 mLell
AHEE Y& F9J5lal felgow 2 E5kslod 3A17E o HHARK
T ATNE ARSI

FTIR 8M. Z7}e] Z5k9}l Ca(OH) 2 -8 (pH 12) W AHE
3} pgoo 7 AJH FAE 18] KBri £3F £ pelletS RF
So] ExpHo R 4000 cm oM 400 cm ' H¢Jel] FTIR spectro—
meter (Jasco, FTIR 620) 2 1003] scand}o] #4433tk

AHES| SAAZF &5, SAARE Z4L o]d A7 A" v}
gog 71710l Fohd ShAlE 1 wt% E13H AES} F3718E A
HER FEsl] ST AlRIE 3AAREKS L 5108¢) =5
AR H, W/CE 0% A7ttt Vicat ol 2Jst AlRIES]
SANRI] A AMIE HolAES 1580t 1 mme) o7 25 mm




of

AHE Fgolox] F4 AAS 93 Crosslinked Poly (sodium acrylate) 2] %W 7}l 365

P

9] FUEE IS WY AR S7F3ISIE

ENHIE WIS B2E2 T X USYT 2. YT 54
n=elE FAAL] AR gl 2742 KS L IS0 6790f £310] AAls)
om Z171e) Y ETAIS 1wt S5 AWE REElEe) 13
7} ARIE BZE}E (]38} Plain) & AlZSSIT

USAE S8 2 (D o] AR HeER Ho) sl A1
A 07 LPro] QSR (R.(N/mm®) 2 BAISIICE

o))

IEHE Y S FHE FAY 1R s S Asto
aspirator7} X Zu)7]E o] g3lo] AE § wgkE2 AlSISIT
AR ZFAIZ dry ovenollX] 80 CE 48AI7F 7ixslo] 22k W3
7h dojur] ke Eleka wAel 1HE oS vlwsklt)
cPSAQ] wER 8-S oF 99% 2 YEREoH, cPSA-EGDMA (5
2, (10 2 % (20 9 2] EGDMA A8&-2 247} 51%, 46% 4 27%
7 7y7} eRgrt & w9 vuE ¢lsle] 37K EGDMA 5, 10 2
20 g & 717+ 2.55, 4.55 ¥ 542 go] TEe, Hrio] ZriE=
T AgEo] Zaghe & 5 90k

)

106=52nm

_237.73rm
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cPSA

FE-SEM 2M. cPSA%} ¥ 7lweo] thE cPSA—EGDMAS]
FE—SEM £4] A35-2 Figure 1| YERSItE Figure 10A] &=
e} o] 13J2] cPSAE st = 9lglom, cPSAS] S EGDMA
£ 7Rl 7hazl A EeRs 78 SR8k Zlos FEES)
om, rpEe] HESE e & T AUt A 1= cPSAS] B
107~238 nm H$lelx] thksll EAlks e BEslIth (PSA-
EGDMA 2] 7-9<ll= cPSA-EGDMA (5 g)©] 232 nm~1.43 um,
cPSA—EGDMA (10 g)°] 595.3 nm~3.73 pm, cPSA—EGDMA
(20 g)°] 2.37~3.73 um BEA, cPSAS FH 7Fwr717] Yo
k= EGDMAS] o] 715 oAkl 7| Al S7Fs1ich
o, 371 EGDMAZ] ool S5kl ule} cPSA ¥4 7l Hgks:
& ZAEANE A ThrsE 2 TP whtel iRt 271 St
Ho= ghtE)

WRH| 3. Wiy SPL 158 07 g0l Ca(OH)» 5
£ (pH 12) Y AIE 323} J~g-llefx] HAJBISiT

FAE sanl= 2] (2) 9 o] ARYsle] YeRiith

Wy =W,
Q= le 1
oM, Q= B, e 1% FAIS) A= e R
BEE FrAC) A 22} vepdict

cPSAS} EGDMAE 5, 10 ¥ 20 g& 37ste] o] 7k
cPSA-EGDMA T¢AIEe] gol2=pelle] & #5-4& Figure 2
ol veh

Figure 20 UERt nle} o] Hojsroll cPSAE 153 - 135

1
)

554.750n
—

cPSA-EGDMA(5 g)

cPSA-EGDMA(10 g)
Figure 1. FE—SEM images of cPSA and surface crosslinked cPSA—EGDMAs.

cPSA-EGDMA(20 g)
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Figure 2. Swelling ratios of cPSA and surface crosslinked
cPSA—EGDMASs in deionized water.

v 35519137, cPSA EGDMA 5, 10 % 20 go& 39 7FAR]
SRS 158 F Z12H 106, 92 2 451]2] s3go] dofwir) cPSAT:
B 1203 5 °F 20002 B&+]a1 ofFolli= & Hsh} ghe-g wHst
%L, cPSA°] EGDMA 5, 10 @ 20 g© & 39 7huAlR] S3A1=
120% 327+ 189, 164 2! 80ul= 2|7k Z71ell wle} 5] Hao)
A Aoy} T12)31 cPSA, cPSA—EGDMA 5, 10 % 20 g& 180
200,181, 158 = 7982 27} 143197t

cPSA2] ¥ 7} 93 EGDMAL] ARgao] 5,10 W 20 g0 7 %
7Yl s3En)7) 248k, cPSAS] BEmlE 1208 Follis & Wsp)
LERA] kor), cPSA-EGDMAS] 7= 19587 % AHan17} Al
% 8] SR Zlo® Wtk EGDMAYE 37k 739l <8
7} Aashs olf2AE cPSA EHo]| shel® EA6R= 7luE
EGDMA 32 core?] cPSAC] Blwsl B-& $55 97 ufEo=
I gt o) 7hne cPSA—EGDMAS] S3HIS2- 94
S B Aefell =dshs AlRlo] 28 Al 1 oFfE k= PSA 1
Hol| ZA51= 71 EGDMA %0 coredll EAl6R= cPSA°] 2o] T+
She 718 Wslislo] ehds] sl A 5] Wi sieker)

cPSAS} o] 7k cPSA—EGDMA 5, 10 2 20 g S35
Ca(OH) 8HelXe] s H5= Figure 3ol HeRHIGIOH, AlRIE
323} o golelx o] & A%S Figure 40l 22 UeRigic

Figure 3¢] Ca(OH)2 584 (pH 12) ol 3:&1] =74 A3} cPSAE
Ca(OH), F=goolM 155 5 681l #Pa3lar 1208 3 761), 180%
% 78912 Ba3190ck cPSA-EGDMA 5, 10 2 20 g2 Ca(OH); &=
gollor] 15%- % k2t 44, 39 2 39v) WH3I900L, 120%- 574, 70,
554, 1803 5 77, 71 2 564l W33t Figure 38 B cPSA
= 15% § o] e T7kehk= 21s &+ 91, cPSA—EGDMA
52 1002714 H33] S7FsF 100+ o5 vl ehlksiAl S71st
L3S L5 A3k

Figure 42] AJHE 33} 4=g-lojx] 1] 574 A3} cPSAE 15
B 5 82ou) ek, 1205 5 89wl Bhate] 180%- Fofl = 89u)
o] WEHE VERIgIT cPSA—EGDMA 5, 10 % 20 g& AJHE 23}
o= 158 542, 43 9 449 BE39T, 1205 576, 60 2
494, 180%- $-82, 65 2 52ul2 3] *ao] Lolwth Figure 4
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Figure 3. Swelling ratios of cPSA and surface crosslinked cPSA—

EGDMAs in agueous solution of calcium hydroxide (pH 12).
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Figure 4. Swelling ratios of cPSA and surface crosslinked cPSA—
EGDMAS in cement saturated aqueous solution.

o] HZo] AMIE 38} -golefre] FEH|E Ca(OH)y F-8HelA
o] sEH]9} 0] cPSAT 154 & - el Tl e & ¢
231, cPSA-EGDMAS-S- 1505714 H33] Z7}F 3 150%- o5 9+
s S8k o 5= 98Itk Table 1S 2o AHIE 23480
9l Ca(OH)p 5-29Melx] 15%, 120% 2 180% F2F Z71e] 312
BEAR ARES gelsie] vkl Zlelck
Table 19 B, pH 122] Ca(OH) 2 S-golx 2] sBaH]7} Al
35} gler]e] WEHHTE O] UEE o= 8o Aol EARK=
_/,:
_/,:

=3

—

7

-

s

e e

ol 2] “sEAlE ARHATE AlRIEC A 27} o) 3T
Ca0 @ Mg02] 228& 270 wtgeolm,” 17} ol e-e- &4dst
K0 1.2 wt% 2} NaO 0.1 wt%7F EAI6F| W02 shekeich
cPSAS) Hlrsle] 333o] 71 cPSA—EGDMAS] S3HE-2- 944
3] WaEE ARRle] 8 Hel=d), 1 o)f@EMts (PSAS Bl &
AslR= 7hrE EGDMA %20] coreol] ZAIBR= cPSA°l E0] Fdsh=
28 Walfalo] ¢S] SR AR S5 ko 2 skt
FTIR 5. &4 5491 cPSA9} F90] 7hre cPSA—EGDMA
9] FTIR A~FEHES Figure 59 22 YeRNSILL Figure 5914
3430 cm '(—OH stretching), 2951 cm '(~CHs asymmetric
stretching vibration), 2924 cmfl(—CHg asymmetric stretching),
2855 cm™ ! (—CHz symmetric stretching), 1720 cm™ (53} 9k 5
uakS- —COOHS] —C=0 stretching), 1567 cm™ (—~COO~ asym—

O

]
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Table 1. Swelling Ratios of cPSA and Surface Crosslinked
cPSA-EGDMAs for 15, 120 and 180 mins

Swelling time (min)
15 120 180
cPSA 135 200 200
Deionized cPSA-EGDMA (5 g) 106 165 181
water  ¢cPSA—-EGDMA(10 g) 92 136 158
cPSA—-EGDMA (20 g) 45 61 79
cPSA 68 76 78
cPSA-EGDMA (5 g) 44 74 77
cPSA-EGDMA (10 g) 39 70 71

Solution Sample name

Ca(OH)»
aqgueous

solution
cPSA-EGDMA (20 g) 39 55 56
c . cPSA 82 89 89
Safgg; | CPSA—EGDMA(G g) 42 76 82
solution cPSA-EGDMA (10 g) 43 60 65
cPSA-EGDMA (20 g) 44 49 52
I £
iy iy
! ah .
e o 3 S — - .
B Jt:i;SA EGDMA (20 g]". ¥ £t
B - H ‘4 |P“"
< | . --"‘IJ|I ________ AL A N TSN
| *PSA EGDOMA (10 g b
’"“"’ 1 i lh Yen
- CPSA-EGDMA(S ) MLl
CPSA
4000 3000 2000 1000

Wavenumber(cm™)

Figure 5. FTIR spectra of cPSA and surface crosslinked cPSA—
EGDMAs.

metric stretching), 1457 cm ™' (CHs bending) ¥ 1410 cm ™ (—=COO™
symmetric stretching) 9] ¥]T50] UepRdth EGDMA %] cPSA2]
3ol E9jul= 2hs gopy] S8l 549 FTIR A ERES AR
slo] olge} T2 ke 8tk EGDMAZ} E=91%d —CHs,
—CHz % CO0% C=0 7|7} =Y=7] wioll, cPSACIRE EAlsh=
—COO™~ symmetric stretching peak (1410 cm ™Y of] H]5FA $]¢] =
5] AP EE A ow gt web] WAERE 1410 cm ol
el —COO™ Symmetric stretchings 71522 3} 3003~2805
cm! %939] —CH; 2 —CH, ¥]719} 1720 cm toli] VR R= cPSA
of] EAl= wﬂﬁk—g——f? k- —~COOH % —C=0$} EGDMA®] &
AK= C=0°] tigt HAMIE AXIsISict

cPSAE ¥ 7HIAPZ)7] $lste] E9)EE EGDMAS] 371go]
5,10 @ 20 g0 Z7I3le] we} 3003~2805 cm ™+ 4919] —CH; 2
—CHy F352] A717F 1720 em™ (carboxylic acid®] C=0) H=
1567 cm™ (carboxyl anion) TS| B]E}e] Aoz 7sloins
o+ 4= 9Jek cPSA, cPSA-EGDMA (5 g), cPSA-EGDMA(10 @) 4
cPSA—EGDMA (20 ) ©] FTIR A#E& S|4 (3003~2805 cm ™)/
(1438~1360 cm™) %oje] 57 WAm7} 212} 5.26, 7.06, 10.30 2
10.38% VeRdT) T8k (1786 ~1672 cm™)/(1438~1360 cm™) <3

olo] W= WAnP} 712} 0.22, 0.39, 042 2 0.43°% VeRdt) o]

(a) 1610 1967 1457 L0

~.
- A} F A

" ———
-
" -,
- -
| — -~ o

- ”".."\ Cement solution
- N —
_-" \‘.‘__

Ca(OH), solution
1720

Before swelling

Abs.
1

(b)
1610 1967 4457 1410
-"-' . A an Sy
- L N
R A e

3 —— Cement solution

< P ~ Fair~
— A R

—
| — R

1720 Ca(OH), solution
Before swelling

1800 1700 1600 1500 1400 1300 1200
Wavenumber(cm™")

Figure 6. FTIR spectra of dried cPSA and dried surface cross—
linked cPSA—EGDMA (20 g) in saturated cement solution and
Ca(OH)3 solution before and after swelling : (a) cPSA; (b) cPSA—
EGDMA (20 g).

st AER2RE], cPSA W EGDMAZF 538535 & 7 Stk
cPSA9} cPSA-EGDMA (20 )& 212t AlHE 33} =8l
Ca(OH)2 784 (pH 12) 02 FaAZem vehhs ka8 S8t

<

7] $Jeted, =BE A $2) AEEY FTIR AHEHESS S74310] car—
boxylic acid 3|7¢} carboxyl anion ¥]FE2] W3}= Figure 601 Y
ERJISICE

Figure 6(a) o cPSA2] AHIE =813} Ca(OH)y S=gtollM J§
& A3} T FTIR AFEHES vlwslo] B 8- el 1720 cm™
oA shoulder 2 WER-R= AAQ] F3FEA] 942 carboxylic acid®]
C=0 F]350] Ca(OH) 2 -84} AJHE 33} 4~g-obe] &J3)] F3f=]o]
1720 em ™' 9] shoulder ¥ £F43] /\F*/']'X]Jﬂ 1610, 15673} 1410
em 9] carboxyl anion @2 WSS & 4= 9lck 1610 em ol 1}
ERF= A8 )73 Ca™ 0]29] 93k ¥RS carboxyl anion O I
h:}?l Figure 6(b) ol 39o] 7kl cPSA—EGDMA (20 g) ©] 3
& A7 3] FTIR 2 EHES 2P UERISIc Figure 6 ()& B
1720 em 9] carboxylic acid®] C=0 shoulder 7. A71= oFslod#]
HolRJE ¥|7= EGDMAC] Sl C=0 7ol 2Jst Zlo g s,
CPSA EGDMA (20 g) &} ©I& Ca(OH), =824 1l AHIE 3} =0l
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