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Evaluation of pH and Compressive Strength Development of Alpha-Calcium
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Abstract

This study examined the compressive strength development and pH values of alpha—calcium sulfate hemihydrate(a
~CH)-based binders developed for vegetation concrete with neutral pH between 6~7. Considering cost down and
strength enhancement of the prepared binders, the a-CH was partially replaced by ground granulated blast furnace
slag(GGBS), fly ash(FA), or ordinary Portland cement(OPC) by 25% and 50%. The compressive strength of mortars
using 100% a-CH was 50% lower than that of 100%6 OPC mortars. With the increase of the replacement level of GGBS
or FA, the compressive strength of a—CH-based mortars tended to decrease, whereas the pH values were maintained
to be 6.5~7.5. The main hydration products of a-CH-based binders with GGBS or FA were a gypsum(CaSQO,), whereas
portlandite(Ca(OH);) was not observed in such binders. Meanwhile, the pH values of a-CH-based binders with OPC
exceeded 11.5 due to the formation of Ca(OH), phase as a hydration product. From the thermogravimetric analysis, the
amount of Ca(OH); in a-CH-based binders with OPC was evaluated to be approximately 10% of the cement content.
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 SAlBlo] B3lEE 0,1268/1008(20T)2 WA
¥ ol 28hE} 0,92 o} AFORE 2 pHE LERd
o] QI3 ATMES AR FE12]EY] pHE 11~13

QS A Hlo] AlBe] Al Held

a(OH)»9] 2= ThA| =2 pH7} A
SEAL o] 2 Qlsf Al=e] o] o e AT &
AUtk EZE AR AEE A EA U or ARES)
I Sl pH S ZAES] At && F== 5 5}
2 S 55 ARSHAY, 222 E AIFHe 9%
AT S50l XA ZARES] w2 8EAIX -8
S ARESH= KS M 0011[8]9] 2] ¥ (Leaching method)
o]gstal QItH9,10]. sFATE o] HH2- 4=Fo] =35}
ZAYE FHRO] pH Z4of =itk 4= 9lom, | -
Qo] Aokt pH H3E Ghe S7Ydk=
Aoy ZAYES] AR AHES
249=% Ca(OH)29| &2 o]23
pHE YUER7] tfol AHE 7]5ke]
0 pHE 971 - of"Heth, o] koA 229
E9] pHE AA717] Y8l =2 pHE 2= AHIE Al
pH7} 6~T2 F/dell 717k Ca(OH)22) A3/ glol 7%t
EA4S YelfE dubg H431(e —calcium sulfate
hemihydrate, «—CH)S A3 & AYE2 A3}
o}, YA=S] Skt 9 At S aresie] 23t
AZA 1245 I(ground granulated blast furnace
slag, GGBS), Zt}o|oi4]|(fly ash, FA) ¥ % ZEH
EAHE (ordinary Portland cement, OPC)2] 2|37}
TS BRI 22 ENA pH A =2 ddl
] Ca(OH);2] A& X—ray 3)&(X—ray diffraction,
XRD) £4 9 A|x}G A (Differential thermal anal—
ysis, DTA)E &3l B7}st3ict,
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Table 1. Chemical composition of cementitious materials

Material  SiO, AO3 CaO MgO Fe:0; TIO KO SOz LOI
a-CH 040 024 5440 013 007 - 012 4428 -
GGBS 3363 14.18 42.17 487 043 011 062 304 095
FA 5537 2683 421 067 508 153 057 068 481
OPC 1960 510 6280 390 290 0.18 089 250 264

Table 2. Physical properties of cementitious materials

Material ~ Specific surface arealcm?/g) Density(g/cm®)
a-CH 1,400 2.67
GGBS 4,000 2.90

FA 3,300 2.20
OPC 3,412 3.15

A= (Base material) 2 AREE ¢—CHE= A o]44]
TE 7R ga o & ok 130709] oA ABAE B
Mol haale] Bargefo|ct, ¢—CHO| 79 dvhe]
o7 AMgEl= HER] WA aioin] Aol sty &
e A7 ek, A TS WiERs v oy
E=rH{11], AFRE ¢—CHO) =L 1,400cm?/go|™ U
Tl 267g/cm’lt}h. o—CHO| F8 35h2 AL
54.4%°] CaO%} 44.3%2] SOs= J=o] it

T2 AREE GGBSE KS F 2563[12]¢] 3202
HIEHZL 4,000cm’/go]™, WEE 2.9g/cm’o|th,
GGBSY] Z9 3}ha] AL 42.9%°] CaO, 33.6%2)
SiOp ¥ 14.2%9] AlyOs= =0} Qlom, Atshuk1y|
+(Mg0)2] Tk 4.9%, HABIRHS0,) ] T2 3%
KS 74< =3t} FA= KS L 5405[13]9] 2%&0
HIEWAL 3,300cm?/g ©v, WEE 2 2g/cm’ o[,
FAS] 38 3I5F2 242 55 4%2) SiOs, 26.8% AlOs,
5.1%2] FesOs I 4.2%2] CaO& FAJEo] 9t} HE &
Edc AHEXS KS L 5201[14]¢] 1202 gy
3,412cm”/golm], WEL 3 15g/cm’o|th, 28 31514
244 62.8% Ca0, 19.6% SiO; I 5.1%2] AlOs& T+

D e

Aol glck, HEEE NS Sls) AME B Ho



Smm=A] KS L ISO 679[15]01A 43 F2ARE AF

2.2 HiEH Y M
Ho]AE W wEELE AlF 0] uiFAIAIE Table 391 Y
Efiich, Alslo] 0 W4= GGBS, FA ¥ OPC9] |3}

S2A, A div] 2442 25% 9 50%5 A|Eekeict, Al
¥ pH, XRD % DTA 4= HOH =44 40%9]
Z710= Ho|AES AlRbslglon, AHd Y57E ¥
7H 93l KS L I1S0679[15]°]] S_AskAu] 50%
A wej—Aske] 39] ®2el= AIFA(0 x 50 X
50mm)E AL HolAE W mael2o] A
2714 ool w7t ARSE Al v A 1 o 2
2] AAfste] ARGSHYITE, AlxE Ho]AE W HE
G520, ASE 60%) HollA AlF 28
SFoAT

Table 3. Detail of prepared mixes
S/B

A W/B Composition of cementitious
Specimens for materials (%)
Paste Mortar morar 4-CH GGBS FA  OPC
a100 100 - - -
a75G25 75 25 - -
a50G50 50 50 - -
a75F25 40 50 3 75 - 25 -
a50F50 50 - 50 -
a75C25 75 - - 25
a50C50 50 - - 50
23 &3

AP A2 EofA pH Ml whE Ao A4t
2] 2} 4l J¥a ) etk E3E W - 9
o] 4=kl pH 54 Wilo] a1t sphARE 7| 9
ol ARG 2R9,1019] 7 2t HSshe 242

8T T

T Ao, Az A
9}\
23

E 979 pH Aol =3te 4
2 U JES] &2 QIgh pH WshF By 4=
HFigure 1 =), weba] o] AollA pH S8 2
2E Y - o] A% pH ke S5k 918l KS
2103[16] 2] pH 7}k SA9Hol uet AR5 v]Eoz
B 3 30 g2 Y3stod S5 50 mie} 33ksto] pHE
S48kt Flo]AES] pHE= AP 0, 1, 3, 7, 14, 21
2 28] ZAsioict. HERES ¢Y57tE= KS L
5105[171° whet, A=, 3, 7, 14, 21 ¥ 28Yo) A5}
ek,

2] Ca(OH), A% o 2l W A4H Ca(OH),
oP4HQl B71E 93 XRD R DIAS AAIsisick
XED 4] 5 DTA %713 9t Astis $4olod 343

B2 A= 3 dAE] IS AA ARSI A&
LA 1,7, 14, 21, 2 289 *‘Al'é‘}of‘htﬂ 741@%
Ao AFE AREL otlEf F
% RAPNE-= 3

Y

KS F 2103

")

ing pH value using the suspension

"@

ing pH value using the

® Crushed concrete powder with
not exceeding 1 mm is immersed
into  distilled water and then
measure pH values using the

® Measuring pH value using the
aqueous  solution  penetrating
concrete or involving concrete

® The pH value varies according to
the immersion time of concrete suspension.
and sampling location ® Relatively low deviated pH values.

Figure 1. Method of pH test

Table 4. Summary of test results

pH value Compressive strength (MPa) Amount of
Specimens Cal(OH),
1day 3day 7day 14day 21 day 28day 1day 3day 7day 14day 21 day 28 day (9/9)
a100 6.7 6.7 6.6 6.9 6.7 6.7 71 8.8 9.7 13.2 19.1 24.3 -
a75G25 7.0 7.0 6.7 6.7 6.6 6.6 6.3 6.6 75 13.7 17.1 18.3 -
a50G50 7.3 71 6.8 6.8 6.6 6.7 3.1 3.7 42 8.8 9.9 10.1 -
a75F25 74 7.3 6.6 6.8 6.5 6.6 5.1 55 5.6 6.4 8.1 12.0 -
a50F50 75 7.3 6.7 7.0 6.8 6.9 2.7 2.7 29 52 6.3 7.3 -
a75C25 12.1 12.0 12.1 1.9 11.9 1.8 9.7 10.7 1.4 14.7 18.5 232 0.023
a50C50 12.1 12.1 11.6 12.1 11.8 1.8 6.9 9.9 13.1 16.8 19.3 25.2 0.053
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3. 4945 2 ¥4

3.1 §=ZE
a—CH 7|4t R2El29] Al AZHEE Table 4 Y
Figure 20 YJehyslt}, «—CH 100%(@ 100) HEE2
o] &A= A 7o 9. 7MPa, MF 28U 24.3
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Figure 2. Compressive strength development of mortars

A 79 @ 2804 o—CH 100% 2SS ARe3t
HEER29] QIS tfH] GGBS7} 25% X|$HE HEERE
(@ 75G25)8] &A= ZF2F 18% B T5%530]0
™, GGBS 50% A3+ BE2EFE (¢ 50G50) ZH2t 44% L
49% %01y, o—CH 7|9ke] mEZEl2 &7te
GGBS <] S7et &7 fhasslk= 43 29k GGBS
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e oS S o R GGBSE o—CH 7|
Hro] Aol EgakE]A] oFolet,

A 79 9 2804 ¢—CH 100% HEEFE 9] =)
Toju] FAZ} 25% 2]3HE B E2EE (g 75F25)9] U&7
L 717} 58% W 49%530191e, FA 50% 2|3 HEE}
(g 50F50)= A 79 2 28UolA] ¢k 30% =S
RSt &, «—CH 7]4ke] REE2 Q157 %= FA &
o] Z7tel T Aadle AT B, o] AanlE
GGBS &9 nZel2o v|3] ¢ Zith. FAX GGBSSF &
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Hh3-5to] C—S—H gel ¥ C—A-H gel AY4dsto] ¢
s WA "o s Hae S ER

Ca(OH)oE A/g5HA o, o]& <lsf FAL] ¥k |7
UEQl 25T ghgo] WAaA] ghof Ao e et
T YERA] 32 Zloz sike SsiR2 GGBS9)
ARES FAS] ARETH] 22 =S YEhY e, o
L GGBSQ| H|EWHA(4,000cm*/g)o] FAS] H|EHA
(3,300cm”/g)ell B8l o} mlAlF-=e] Agmapo] o3t
Ao g et

b OPC7} 25% A|3HEl H2EFZ (e 75025)2] o=
e Al 7Y 2 28U ¢—CH 100% HZERZ =
e o] 2k 118% 9 95% 450]9).2.H. OPC 50%
23+ BEEFE (¢ 50050)= ZH2ZF 135% Y 104% 50
2 o—CH 100% o] A UeRsit) o= &4 OPC7t
3RS B3l AAF o= s WHsIel]
oct,

a—CH7} YAEE AR 79 Ao m2 i
E4L2 OPC EEEE 9] Uik Q] s EAQTN=
& G5t} o—CH 7|9he] Hm2et29] o7 e A
U A RE TUTA] HA=F7P7t YehA] ekotrt A
U o]% thA] ATt Al S Bt dE &
a—CH 100% HEEl=o)A A 28U 7= oiv] A 1Y
7= 30%01H, 39} 79| = 2 36%2} 40%°]
o A 14 Y 219004 242 54% 9 T4%0]t. & A
ol whE Jwdle Iz Y 1Y o]F A5 E
o] AAFHA e A 7Y o)F WP A3} A}
o] 53

o}
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3.2 pH

a—CH 100% ¥|°|~E2] pHi= Al BAglo] oF 6.7
Z=o|tlTable 3). E3FEA GGBS U FAZ} AMEH
glo]~EQ] 7% pH > AE 3U7MA= 7.0~17.5014]
T A 7Y o]l Bt oF 6.72 oF 7% st
o] H&-2 ul$- AtrHFigure 3). 5, «—CH 7]4F 23|
o] pH Ztoll that GGBS X FAL] £919] oJake- wiL- 2
okck, whd E3R)E OPCY] AR X|gkefol] THAIlo] B
o ©F 129] pH gk& Ueigit) ol OPCY 4312 <
3] AAE Ca(OH),0] &2 o] L&3lEA ]| 7]9l8t Ao|t}



3.3 X-ray 3|HEM(XRD)

a—CH 7|8t AgHA o] -3t A= B7H= $ldl o 100,
a 50F50, a 50G50 ¥ o 50C509] A 28« XRD 3]&
w4 AIE Figure 4o Hehiich, 24283} ¢ 1009]
F8 eI ES HaEa XA 34 14 0 11.6°
20.7°, 29.1°)0|, E3t 52 GGBS7} ARE-H ¢
ot o FIPSES AR YT o= GGBS7H
=119] REg/do] ol pehkgS dor|A] oo, 4
AAfE Aargto] Z3k W3R Ao & ket Sk s
FAZ} ARG 75 8 A2 A= veion,
FAS] 4821 quartzet mulliter= ERIE|IcH diFE
o] Agj7te == quartzet YFHU-—Ae7r}
005 mullite= FAS] =8 AR = =3t vk
do] wol 3k WAYAZ|A] AL TdjE vt A

O gkt N Ze|E OPC7E 2 735 oy
JER CalOH)y(F8 XA 34 "= @ 18.1°, 28.6°,

34.1°)9] A/gdo] ERIE|GIoH, C-S-HA ¥ o EF7o]
Eol AT ERIEITt E3H AHIES] =8 RS
2 oA n] 43} alite Y belite?t YAFE(@ —CH)2
FIIAgES] Hae A 245k AR RIS

3.4 AlXtLEM

A 28YollA AHIE Z3HA|E Ca(OH)9] AF/d8l&
< Table 3o YeR|IE}, E3F OPCO] 910 2Ca(OH),
o] A Al Bl 7 H|E 3] OPC7F ARS-E|A] O
2 ¢ 100 T OPC7} 509% EJ¥ o 50050 Higke] DTAZ
& Figure 59 YePfRIch UubE o= Ca(OH) 2 &
E3l=400~500C R Yol A HHAYstH[18], o] ol
A& Ca(OH)»9] g3l #7H 95 9 DTAE &4
3t A3} 400~450CH Y= AT

OPC7} gl A3HEQ] Ca(OH)»2] GES F7H400~
450C) oA A A= 182 oF 0~0.2%= YEPg=t]
(Figure 5 (a) &=2), o= AR AA1Q] FETESol| oJ5t &
& ol webA St E pH Axfolx] At viet
o] Y]] « —CH ¥ E3}49]l GGBSE} FA= 4751
FER2A Ca(OH)E A/J8HA] G52 VERdT), v &3}
A= OPC7} AREE 749 X2k 25% 9 50% & uj s
Hlo]AE ek ojn] Z42F oF 2, 3% U 5,3%2] Ca(OH)»7}
A= SIcHFigure 5 (b) 32, A% CalOH), %2 OPC
O] Ak gFF ] oF 10% =202 YERitt
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Figure 3. pH variation of pastes against age

Q: quartz A: alite
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G: gypsum  P: portlandite
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Intensity
Q0

a50C50

mens ¢ r

P C
G ‘C
e ) MEAJML 2
T T T T

5 10 15 20 25 30 35 40 45 50 55 60 65
26(deg)

Figure 4. XRD analysis results of pastes at an age of 28 days
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7Y0|% TRA] FE7) Alsdl= ARS HY
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[
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Figure 5. DTA results at an age of 28 days
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