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A Study for Crystal Growth Inhibition of Ettringite by Solution
Synthesis Experiment
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ABSTRACT : Ettringite (Cas[AI(OH)s]2(SO4)s + 26H,0) is a sulfate mineral that shows a complicate
property in concrete. It is often called as “a cancer of concrete” because secondary ettringite formation
in hardened concrete often cause expansion and cracking of concrete due to its expansive crystal
structure. In the present study, we tested the possibility for crystal growth inhibition of secondary
ettringite by crystallization inhibitors that are commercially used for scaling inhibitors in Korea. For the
test, we developed a method of ettringite solution synthesis. Three types of crystallization inhibitors
were selected and examined the effects on ettringite growth inhibition. The experimental results of
ettringite solution synthesis indicated that ettringite was successfully synthesized under condition that
the mass balance between calcium hydroxide saturated solution and aluminum sulfate solution was
attained. Monosulfate and semisulfate were synthesized when the ratio of Ca”" ions to SO~ ions was
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increased. The induction time of ettringite crystallization was less than 2 min. and crystallization was
almost completed within an hour. The experimental results of ettringite crystallization inhibition showed
that organic PBCT (2-Phosphonobutane-1,2,4-Tricarboxylic Acid) and inorganic SHMP (Sodium
Hexametaphosphate) were relatively less effective on ettringite crystallization inhibition under experi-
mental conditions. However, organic HEDP (1-Hydoxyethylidene-1,1-Diphosphonic Acid) effectively
prevented ettringite growth with producing amorphous gel phase materials up to inhibitor concentration

0.1 vol.% of aluminum sulfate solution.
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Fig. 1. Ettringite crystal structure. (A). Structure
of ettringite column, one-half unit cell. Structure
is parallel to the ¢ crystallographic axis. The ¢
spacing is 21.5 A. Modified from Taylor (1992).
(B). View of a-b plane. The circles represent
ettringite columns, and the regions between the
columns are channels in which water and sulfate
molecules reside. The ¢ and b unit cell spacings
are 11.23 A. Modified from Day (1992).

3FES o e 9k e Akt frdH
= B4 AxH A Ed B sHA vebd
E3 o]E FEEY YA 93 A& FHot
b o] ko] 2FH ARE AWE, A, 2
33 22 AU AHeE 2FYEY F9 &
7o ZRE o] FFHAAE TAE T2
EEdAE HEYEA RaEa UtH(Diamond,
1996; Gaze and Cramond, 2002; Hartshorn ef al.,
2002). ¥ 2 AsFzE, FHLIWAE AT

=

(

.



LAY LY o F JEAA|E AAYAAA A7

AEE 21do] Z7hge] wel, s, edd st
T4 AFFERE Fido §o) A o] 5 F
At FEYA % ZIYEY 27Dl W
AR A YA g e 9%
e @A o) ZALE v)&o] FB o} & oM«l
TR FAZ Hof Stk gFEe] & A
goloi4f} 12509 e FEIIAE A}%
g ZAYE A4 R Y gstEdy §
e Adste Fo LIAYEY EAEA AAd)
e d77F ARET o, §3hd 2o o)
AREE ZAYE {33 o|AFEEY AA T
AUZH old M astapel tht Fyo 3
AT o AR & oJAFEEY FHAAS
¢ WTA S Fehs dTE A3 “‘01 =
¢ Aoty FuUME i 3letEAo
o ZATEY FESHA . 53tz W3 9 #57

E9 AwAet @4 o U 293 ?ﬂ%sﬂr o]
E DA WA Fdiel dis ook w2 7
=TS 9 7124 AdFE0 BeA Jé&‘c?} Al
Holt},

A AT ZIHLee and Cody, 2002; o) &R 7 3}
A4, 2003; &Y 9}, 2003; Lee et al., 2005)°)
ojetd, o Ef o] Eefl 93 FH2EQ 4545}
T A%4%0 o8 4 B JEHA|EL
BEO R WA Bt o3 ZagE YI
3 7B 3 dofdr) weEld Hsld ZAYE
oxe] JEARIE AH HAS AL + 4
T A AFEZAANE AT ALeE, JE
Aol E9 BEA A T2E WIHAA v %C’“
FES Z495AY *é%% AAL ¢ Yooz, o
T e oz A ofd A E H5A
e 24 WA BA } 7FsE ol
orehA £ Oﬂ%ﬂﬁt TA ARz ~
ALY FAA 22 A2 F4H3 Y 24
AAAAAE ‘%% Agstel 2aEY 7MA f3)
3 %/\]-Oﬂo];(} 3FE OI o]]Eax].o]E,] ﬁ;gﬂxlo]]
3 A9 THedE Adstaat styow, o] Al
& 9% #49 OHEWPOIE SAFEH e AL
stz st oofe 2748 A48 24
O 2 JEYA|E Yl oAt REo] AFL A
IAIE Ade 6}04 NE-AZ ) EL} kA
ojAFE] Yo Bast HH &1 - gety =
A 8 Z~(controlling factor)2} SHH TS EA3}0 &4
Ao JEURE FHEE AT 183
2ALE HAA R Fuelr] 4YPF o Egsn

i

ofr

|9 A: Calcium hydroxide saturated solution
[Ca(OH), = 1.85 g/L]

29 B: Aluminum sulfate solution
[AL(SOs)s - 18H0 = 2417 g/L]
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Table 1. Crystallization inhibitors used in this study

. Natural pH
Chemical name Abbreviation Chemical Molecular (1% water Density
formula  weight (g/mol) .
solution)
2-Phosphonobutane-1,2.4 PBTC CHuOP 27013 <2 127~131
-Tricarboxylic Acid
1-Hydoxyethylidene-1
) . < 1.43~1.47
1-Diphosphonic Acid HEDP — GHiOP2  206.03 2
Sodium Hexametaphosphate SHMP (NaPOs)s 611.77 55~17.7 2.18

(Metaphosphoric Acid)
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Fig. 2. X-ray diffraction patterns of solution
growth minerals under different experimental
conditions. [1] solution A : solution B = 1 : 1,
[2] solution A : solution B = 1 : 1 and excess
alkalis, [3] solution A : solution B = 2 : 1, [4]
under naturals drying condition.
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Fig. 3. SEM images of solution growth minerals under different experimental conditions. The experi-
mental condition for each image is explained in Fig. 2. Gypsum and calcite shown in image are
re-precipitated from the decomposition of ettringite when the solution was naturally dried.

Table 2. Reaction products after crystallization inhibitor application

Inhibitor concentration

(vol% of Sol. B) PBTC HEDP SHP
L Gel > M > S Gel Gel
0.1 E >> M > Gel Gel Gel > E > M
0.01 E E E o M

E: Ettringite, M: Monsulfate, S: Semisulfate, Gel: Non-crystalline materials

714 AT AR wH & AFAAAAE AL F7] QAkEA o] AAAYAAA AR HEDP (1-Hyd-
& WA =S Al F A A8 Aol A4 oxyethylidene-1,1-Diphosphonic  acid)®] 7%, 0.1
9] A oltt, vol.% ol FEoli= MHFAAER ojuyd A
A3 FEE YA g3 I8 67 Z2 AFY
AAY SRM O ERINOIE BYIHAM Fat A(gel) Fo 22T AT 22 0.1 vol%

olate] A= A Fo =EEF} B ofF &

4923 449 ARYFAA FFHG HE o] dJEUA0| £/ YHEIYUE ol HEDPE 0.1
srol gtk A2 O dEdRo s ABAFA  vol% o)l el d|EAL|ES B RE
E318 dehigith 7 2YAAAN BRe A BuYolAREe AAFS ¢ A &
S T XAIAEA AN 37 59 ek B7h 99 B BelFth 44Y AL CaAlPY
o, weAA ] LiE $do) FHL X 4R /AM, sk Aelslo} A1 6). o= &
20 L.ofstol ehygltt. 7] QlakiAe] AYARUAAT} Ca-l i A



FATH U 7 o =DAo|E

Fig. 4. Multiple light scattering analysis for
ettringite solution growth experiment: (A) without
crystallization inhibitor and (B) with the addition
of 0.1 vol.% HEDP.
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Fig. 5. X-ray diffraction patterns of reaction
products formed with the addition of crystalli-
zation inhibitors in ettringite solution growth
experiment.
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Fig. 6. BSE image and WDS element maps showing gel produced with the addition of 1.0 vol.%

HEDP.
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Fig. 7. Monosulfes formed with the addition of
1.0 vol.% PBCT.
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Fig. 8. FT-IR spectrums for synthesized pure
ettringite (above) and reaction products formed
with the addition of 0.1 vol.% PBCT.
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