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Abstract: For recycling cement hydrate(CH) as waterproofers for mortar and concrete or a filler for rubber & plas-
tics, the cement hydrates were treated with stearic acid(SA). And the bonding characteristics and the water repellency
of the CH-SA compounds were investigated by using FT-IR, TGA, SEM, XRD, and contact angle measuring apparatus.
Water tightness of the remitars used CH-SA compounds was also tested. The results are summarized as follows : 1) If-
the cement hydrates are treated with over 2.0% of stearic acid, the CH-SA compounds show very strong water repellen-
cy- 2) The stearic acids are solidified on the surfaces of cement hydrate in calcium stearate and aluminium stearate. 3)
If CH-SA compounds which is cement hydrate treated with 5~10% of stearic acid are used 3% ~6% in remitar, water

absorption ratio and water permeability ratio of the remitar are decreased in below 30% of those of the ordinary

remitar.
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Table 1. Particle Size Distribution of Cement Hydrate

Sieve size | 0.6mm  0.3mm  0.15mm 0.074mm 0.044mm

Passing(%)] 100 96 75 30 1.2

Table 2. Chemical Components of Cement Hydrate

Ca0 Si0, ALO; Fe,0; MgO SO; RO L.OIL Total

41.10 24.20 520 250 1.50 1.10 1.40 22.90 99.0
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Fig. 2. Water contact angles against the cement
hydrate treated with stearic acid.
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Fig. 3. FT-IR spectra of the cement hydrate treated

" with stearic acid.

3.1.3. A|HE $52-AHO0l2IA EEIES EFEF
M (TGA)

2dolelaba) Aol At A4 F7) £917] Bl
A 1000C7H) tdsiaAs dE33RAs @ dde
Fig. 49} on, 2dold At Hejts F7H]7194
AR E 3% Qo] wAH f7]4F F& 1 45
kS 7t M o2 atoluy| 9sled F7) 897 sfell A
dZaRAe & ATE Fig 59 2o] vehyet

Fig. 4238 ~eoj2lAbe 27]29)7] sfelA 156
~278°C °F 88.24% A&7} B3, 278~504Cel
A o} 9.86% AR} BaEE Ae o F oo, &
dolelyt #4e 2dolasate @e] 157Ce) sl
A <F 2.46%, 157~345TolA < 12.74%, 345~
469Col A 69.52%, 469~681CelA 7.29%AHE2
F7tast dous A B 4 Qe

28] % Fig. 594 943 39 AE $35¢
FNEY7NA AEHEAEE 100T o] shl Ay
F47}h 29, 180~600TC oA F2 AWE $
359 AL d5gn, 600~780CaAA = Ca

T3, A 349 Al 435, 1992

TGA
100{ —== _2A%% A;CS
12.74% B;SA
80 L
® 60
= |
S 40
£ 0 L
20 9 L
69.52% 7.29% Residue
88.24% : A 8.21%
0 9.86% : B 1.39%
"800 600 " 900 1200

Temperature( C)

Fig. 4. Results of TGA of calcium stearate and ste-
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Fig. 5. Results of TGA of the cement hydrate treat-

ed with stearic acid.
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(A) Stearic Acid

(B) Calcium-Stearate

Fig. 6. SEM photographs of stearic acid and calcium stearate.

o

fesel, AME Fahge 8o}
Aol mebd Fera e} A
oo} GARIAE AoRNE AdE

Ag 714 2ejolda 2EAE

gold 5 9l

D
i)
rr

o]

Lo R
o Dk
2
—
o

2
e
&

o
2 R
lo =

WH

3.1.4. SEMo| 28t A|HE
gso moixx my

Fig. 6& 2efjoll4t 245 2ejoldla 249 2
HES AR A2 FHY AROE, 2dolia
AYEL AFF R Aho] AR B
W, 2HolRAREe AAEe A ke B4
o ARYAE ARPE F9T 5 el 17],

Fig. 7914 AIIE 53486 Zejola Aejaol
0.0% (CH-S0), 1.0% (CH-S1), 5.0% (CH-S5), 10.0
% (CH-510)2.2 Z715tol walx A|WE F3&5 ¢
AERAE AFE e 2ol A4 &

FHL 9] 2eolael A4 34 o wol
H4sle) Slge ¥ & oo

weby A 3ol 2ol te] ATsR 2
HolRl e 45483} e sel ZHofRl ke
U2 3RS E AR, FRE ¥ e
2% FeAES Adol4 ge a2 S3E
Aol A AoE BRETh AWE S3E—
HokRAt sHEelA 2dofRlabe] ARo] 40

T2 —2~H0l2IM 3

I b

il

dlolaiasl 243 o] & AAHA FE olft 5
shg-sdollat Egglel 4% oleFe FEd

7] Mo Az

3.1.5. A|JHE $32
2

oln] FAoA HuH[2 13, 18] upe} zro] A=l
E 359 XA3A FA=d A= portlandite{Ca
(OH),}9) EAj= =7} 18°, 34°, 47°, 56° H-ZdlA
veluar, calete(CaCO,;) AA el EA A7) 29.5°,
43%el| A vebin], quartz(Si0,)e] EA =7} 27°,
36.7°0 4] Yel}, monosulfated] EAlslael H1
o) 54937} 2b24 10°, 11°8-2el A Yehh= A&
Fig. 814 #al¥ 4= gldch

Iz AWE F3HE] 2 ollARe 5%
CH-S5 Ajge} 10%A gt CH-S10 A|8dA t}e}
W XAEA e s Adolalal Aaleke] 271
of wekA portlandited] EAF AL 7tAdlz,
2879} 41°F-2el| A} vehd= unknown 2H S 54
HAage] AAdstke AL o+ 9l

ol7]4 #E unknown AL o}z elFe
37 Zsldov TGAe} SEM ¥AAnE 71l
£ o e ol AAA S AAo|AY Cattel ek
o] dwt AME F3E5 o FAREA S 4y
oz 34

—2d[oteldt sigtEel XRD

J. of Korean Ind. & Eng. Chemistry, Vol.3, No.4, 1992



644 eAA -z -

; . "
16KY 108 BKHX 1. 6448 HS

(A) CH-S0

gp 6457 HS-5.8
(C) CH—-Sb

16KU  18.8KX 1.08P 6452 HS-1.8
(B) CH-S1

(D) CH 510

Fig. 7. SEM photographs of the cement hydrate treated with stearic acid.

CH—S0 Source; Cu ke, 40kv, 20mv
Condition; 0.07 o/s + min, 2000 cPs,

IDUIRIVEORN '

CH-S5 P;Portlandite
C;Calcite
U; Unknown
Q;Quartz

G;Gypsum
M;Monosulfate l l L*}L/

Cu

CH-S10
J\)M—Mfiu [
p PCCU P GM
e St C(E,LAVJJA/

70 65 60 55 50 45 40 35 30 25 20 15 10
20

Fig. 8. XRD patterns of the cement hydrate treated

Intensity

with stearic acid.

Zd5te, A3 A 435, 1992

3.2. CH-SAWSHE Alget loete] Wy

dulgolst A2 59 5 e AT 2
o AWES Q4 WEL veHL S80S Hrhet
of, 7 AgAd e AU mEEee B4

TN Al B B

‘} l 3o 7§l wpebA HAe ®
b}ENl*ﬁ H g 7ol E_EE}E
AFeR}Eo] whx] M}
u} 7}6}5’_ A}-Q-E]-Uﬂ HE g Algo] 7tas}
I, AR RE duzba SoA AW EES LA AL
o g2 FAEES AT ¢ glond I

1 87t §43] g gich

uetd 2 AgeAe R2et2e waade] Fom
T3 E F2E9 WS S7WAE 5 qled, o



34 52 843 Y 5 dS Aaksle, A
E $3Eo Aol 5% 2l CH-S5HbrA)
9} = S 10% 2 & CH-S10ut<

77k Helek 539 3%, 6%, 9% 4 v A4

vEeze giid Bl

¢ o}
Gabgol 2eo}lab
SEE

ojes} 2]t AR B
A7t

3.2.1. CH-SAg==H| A0 olZ2 n|&e ey
#sl

2Eel2 wiEeE deg T 14.0%7181a,
Yrlehs Al43 2el2 S el S o REEE
9 3EEe 97%AER Jebdth weiM WA &
Hu)ehel] AL23F REE 2 3EX7} 95~100%3
T HES B2 g FS B/ AYEZ =
AHg Ak Fig. 99} 7o) vielydoh

%, AR E 318 2dolelabg 5% 3 CH-
S5 21154 2doflARS 10% A 2] gk CH-S108}A]
b2t 3%4 Hn|eel] AM-ES W B2El2e 3
55 O~100%HEE §A217]17] 3 &/18F
ant Hujge A9 e AoR Jehdou,
A ARE-Eo] 6% 9k 9% 2 F7igtd] weld B/
8% Hle 15.7%, 17.3% 2 7474 Zrlshs 2S£
ot wepr] FEEd Aedt A olglAke] ool &
74] ol Al AMERS SP7IY dn|Es A}
2el29) QAL Fadke AE 4§ ook

N

A
_'\J

2

)

oi’}. —{>' ﬂﬂ°

4,

Bl o2 2 e

o
= d
I-l:l

— 871 4re] AEA A 2 Compound®] 5

[\
(2]

20 — —

]
|
|

Water/Solid ratio( %)
=)
I
|

3
I
|

Remitar 3% 6% 9% 3% 6% 9%

CH-S5 CH-S10

Fig. 9. Water/solid ratios of the CH-SA used
remitars.

o,

645

oshzo] CH-SAYSAE A7bshd delge) =
Aol A= olfe, dut v HUAF
RS wrﬂ%i}*ﬂ 7h A7) slem R u)
270 7| E7} wo] ddxla I Ao} Ex|ul 4]
7ol Azt Aol A FriEle A,
CH-SA #5Al & dA gk o]sl2 AHrjshd #ujzd
o] F7hshal Alzto] 7l whepr] AAol :LE}
A F7hekA] e @] dehde AR Mo}, &
oleke] Aeoflate s Azl CH-SAWA7E A
4= wgeAlo] FBE o] 9l Ad ol Ak} g)n|
o E50] sl §714ke] e e o]
uj ol CH-SAWAE A8 du=te] 2s]Aol
Aashe Ao ArHTh

3.2:2. CH-SAWH Alg22F =710 wE #ojete
(o) i

AEUT W3}
AE pohgel 2dokdAkg 5%A2]dh CH-S5
A8 Helg Fe] 3%, 6%, 9% AHEsE )

vleke] 289 sk5Am} oduk AR Fxe] w5
of 247t 148%, 105%, 96 %A =2 Jejum, 52318
of zEjoklabe 10% A2 3 CH-S108pH1& #lv]
eholl 3%, 6%, 9% AR&-3tH Aol 28dE= B2
el2o] s s 77t 110%, 85%, T0%AEE 1}
ehd S Fig. 10414 & 4 9lh.

250
148%
% 200} 7
=
2 105% 110%
= 1059 o
S 150l 100% 96% |
g 85%
& 5%
£ |70%
2 1001 B
2
=%
£
Q
o
50|~ .
Remitar 39 6% 99 3% 6% 9%
CH- S5 CH-$10

Fig. 10. Compressive strengths of the CH-SA used

remitars.

J. of Korean Ind. & Eng. Chemistry, Vol.3, No.4, 1992



Unit weight(kg/m?)

646 A4

o]9}zte] CH-SAWSAE dv|g F39 3%
5 AgE dugy 4EAEs FEARL B
AE 6%l Ahgstd Z2el2e) Jrrt HA 7
53} 7o) Atgsrh

A 2, Fig. 1194 Ry uje} o] odut #Hug
of CH-SAWAl7} 3% A& AH4Ed R2ZEet29
o] 4R Fado] odnt dn|edel] w|de] FrhE A}
ahpal] Algeko] Fr)ghel whebx whelFege] s
7] wjFolc}. F, CH-S5WAlE 3% A3 E2E}
29 ool gAFake dut ujed Fao) 112%HE
7t Eo, wppAl Abgego] 6%9F 9% 2 HH REZE
29| gy sk 247k 109%9 104% 2 T4
Aas e, ol dsFH i oln] ¥
(19, 20, 21, 2276l 4] uralzl wjo} o] mEEE 2
2 Wl F7|do] FvlHe R ¥ 4 glong
2z 7} A

EA 2, CH-SAuA AMg-fo] Z71gkd wetA
d4g m2elze] 35EE FA417]7] A S E
ko] Z7he}7] Wil E7} A

AR 2, CH-SAYSA FHols §7]2wAko] 3
250} 7] wEdl, 7] 2 FA[13, 1449}
Zo] ARAw Al §71F Fo] FAleA HEZ
2| oll At Ae) el WA AHg-sfe] U1 E B
2el29] &Y} At

1

A3e olf=

S I e Al

2000
1900+~
112%
0y
1800+ ﬁﬁ’ 108%
104% 104%
1700 -
100% 999
1600 -
Remitar 3% 6% 9% 3% 6% 9%
CH-S5 CH-S10

Fig. 11. Unit weights strengths of the CH-SA used
remitars.

Fd3heh, A3 A 435, 1992

HAE

3.2.3. CH-SAY=H| ALB0| M @ojge &<
H| 3
CH-SAAIE #v|e 39 3%c] 4=t AH8-3ia
zzetze] F5go] ddb Hv|ddl wlste] 35%0]
32 Azse AL Fig 12904 & 5 9ot

= AFAZ] 1A de] Feule 11%e]8
2 33 v dehda, 547 AeAldle REE2
o} F5ul7h 18%0]3t2 vehe, AIME 3£
2dolelat Az Fo] F7hskd mEEt2e) Fou7t
i AAsE Ae 49 5 Sk

3.2.4. CH-SAYsH AR =710 weE 22EIE
o £H| Bzl

CH-SAuIA 2 nEgl2 g W2 M-S o
o W aEAE doliy] §sle] FAA 4 0.1
kg/cn*7}3ln FpAE S & Ase}l Zaz|lE4 Wy
AZ AT oo wWass dopry] fste] FAl
Aol b 3.0kg/en’7betE FA1d @ Ade
Fig. 133} Zro] viehytet.

%, CH-S5uAl 9} CH-S10¥54 & 747 #v| 2
Zeke] 3%, 6% 32 9%3S AR&3ta 0.lkg/cn’ T
et mEelze] FEAEd 4w, R2gH29
Ful AlEATe A9} 7Fe] CH-SAYTAE AH-
shd odub Huge] Ful= 20%031E A4

10— ™ n
[1 1.5 and 24 hours
80— 1 and 5 hours |
Y 1 hour
=
§ 60— —
5
o
5§
=z, 40— —
8
8
<
|
20— I .
| —
Remitar 3% 6% 9% 3% 6% 9%
CH-S5 CH-S10

Fig. 12. Water absorption ratios of the CH-SA used

remitars.



AME F3E - f71e] AGE
1001~
E . Concrete, 3.0kg/cm?
80 b= /] : Mortar, 0.1kg/cm?
<
g
g 60 -
e
E
3
£ 40
)
A,
20— =
/Z 7 ?
D,
Remitar 3% 6% 9% 3% 6%
CH-S5 CH-10

Fig. 13. Water permeability ratios of the CH-SA

used remitars.

g, 3.0kg/en’ Fballl A REElEQ] FAY
< & Az, CH-SSHAlE dvle ko] 3%wt
A}%—zs}ra 229 £en7h 12% A2 ot

SR A ul, gEHEe feoldA He#E F
7}*171 E71 492l tﬂﬂ whpA e AME-EFE 6%0]
Ao sl m2elze Beuls 30%ol3tE A
Hoj shdutpr) He dgi Vebyt),

oj9}zto] CH-SAWTA & dn|ddd] AM&sid =
2et2] Fr4 2§54 A FFEE o
S= 7] FR[9-13, 23-25]e)4] HEH uje} o]
b5 zho] AmE

AR 2, CH-SAHMEA Fde JEHo] 9l& A
}\},,} Autadd 5 wEglE A Ea) sl 42
g AME RS ubS-sle] RAF Hou} 35

u}

0-‘."-

Aol w4 ARe HEAAEE ZAH Ho)
A% epao.

EAZ, CH-SA¥FA = 254S Yl &= v]4)
& 2dol7] Ao maehz Al BAHE
Aot T3 WA ol 4A olFrz o
A4 427} A9

I ket e

7} 2 Compound®] 44 647

AME +3}5(CH) & REE2 F3EL U
A wE IF - EH2E$ FHAE F43] H3
o Adolala(SA)e 2 stz FT-IR, TGA,
SEM, XRD, #H&z#=A7]%& o|&sled CH-SA
compoundd] AgFEAT WAL A5y, CH-
SAWFAE dm|ol AM-3e] e WA
ol A= ohgF Fo] LopEirt

L A4S Jeplle ARE £33 254
2e ol AR 2.0%0] 40t H2jsPH AWE £
—2golgl Al 3gHE2 ?"ﬂ CH"?} A& 7o) 120°¢]
Ao g FrhEwA 7
2. A E F3hEel| 2
e AME EE
AZSE SE5o]
ol g o] 257 whg-sle] X~ 10}\_*&"3 He| 2 AdlE
3HE W] wAHh

3. CH-SAulrA| & A4 nlety 2K, k5
e, Ful, Fu5E ok B, gl &~
HlolzlAks 5% Al gt CH-SoubpAl = dlv|e 5%
9 6%A %, CH-S10M5A = dng 539 3%4
55 AHsle Ale] 7H Ay Aoz dehygrh

4. CH-SopA|E 6% A%, CH-S1084l& 2

5

.

_m

Ae) st L o}
XPE“&OI] FAse] Y

=2 rE.
fo 2
L
il
-
§}
=
)
et
rlo
<
—n

nlgt Zako] 3%HEE du|ek dxjsle] Apg3iH
gujey] gtEAEE 5% AL %7}5]‘:4 Fou)e} =
H)E 47k 25%0)8t2 AR % WA
< vepdcl

HuEs

L EHE, BIE, #EE “—RELEEDS M
o] o3 BIERAE", RS MR
IR HURBAR R 28 3ER(1991).

2. HiEB, MkAH, ANKE, 220 - 1+I1%
T B ENBAFI LAY F RSy OFKFIHE
(F28), LEELTEREBEHE No. 279
(1980).

3. delA, A4, “dRE sF &3lAY RS
A7, A 73 HulE 71 Avd, 6 EF
%183 (1991).

4, ZHFRE, HEHEE, kil b RT9 VR
ERERE LAATEM OB BT 2HE[L],

J. of Korean Ind. & Eng. Chemistry, Vol.3, No.4, 1992



648

10.

11.

12.

13.

14.

15.

. iHEE,

SRS, TRy Y,

BEHRIR #@% No. 59(1983).

. EFHES, RAHE], 2% —, “RHEEE) D £ £

v P REEA IS & B AR L ER 41(8862).
HkBLE, “Kfits v bRTy Dk
FEE L LRATEM 08E B+ 2 #%E[L,
FHEIE B4 No. 59(1933).

IR, A, R TREM R L

Bkt DBREE (E5H) 7, TR TEABRHE
# No. 58(1987).

LRBTHB", BHE
B @% No. 84(1990).

CxAAL EAHA, 289, #3F, HE €97
Di]

& FlES ARE & ZaER Bk 5
W, KR SRAE i, 855 @A 4255(1992).
V- I A UKREEE H - 2 v 7 ) — P HRRM
¥}, Bl & i, HA(1988).

TR, ‘BB, 2> 20— T4 Vol 26,
No. 3(1988).

INHER, SR, “av 7)) - boOKEHELE
SERE7K”, No. 512(1989).

HWER  “olnwtegl slEEA0 T FEMY ¥ F
W A ES HE”, B CERE(1990).
WER, 4%, #oot, “Asphalt®} Carbon
Black Az]"d 274 ZEWHE AWEL] 3}
EA 2 2748 vlAe 98, g3
3 =F3 M 33(1992).

RS, TEHIM, “FRRERE”, FE7,
HA(1984).

F43s A 39 A 435, 1992

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

C. J. Fordham and L J. Smalley, “A SIMPLE
THERMOGRAVIMETRIC STUDY OF HYDRA-
TED CEMENT”, CEMENT and CONCRETE
RESEARCH, Vol. 15, (1985).

Efsc—9 TA, “HEMLEEHL", 53R BHIR,
A, 9£(1985).

S. N. Ghosh, “CEMENT TECHNOLOGY”, PER-
GAMON PRESS, NEW YORK (1983).

BHUE, BT, WER, Tk, SHdAA fF
52 gl ANSFA 2453 s v,
Faz|ess) =3 M 3A(1991).

Mg, ANINERG, 80 B8, 2747y
vakAvioviu s BLZT BN
B0, LHFHR(1987).

gk, “tx v ME(LEE L TR (2 01),
AV k271~ No. 462, June(1985).
g, “ A v MELEE &SR ( 2 02),
Av bk ez2v 71—} No. 464, Oct(1985).

AN, HRETORRR, “HEEERANKM
B e AOMBICRIZTIREOVE”, &
44 [l RErakiE s (1990).

TAREE, BRoOK, VT v REKM TEIE L
RENINDEYIEIC T, 440 HiTK
ik (1990).

D. C. Hughes, “Pore structure and permeability

+

+

of hardened cement paste”, Magazine of Con-
crete Research, Vol. 37, No. 133(1985).



