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ABSTRACT

The influence of gqluconate, lignosulfonate or glucose at C.1-0.3%
dosages on the C3A hydration in the presence of gypsum with or
without 1ime has been examined. In the presence of 1ime 211 the
admixtures at 0.3% dosage stabilize ettringite and retard its con
version to menosulfate; only 0.3% glucose retards gypsum consump-
tion and ettringite production. In the absence of lime stabiiiza-
tion of ettringite by admixtures at 0.3% addition appears te be
much less effective; no admixture 1s able to retard the ettringi
te production or gypsum disappearance. At 0.1% addition, the in-
fluence of admixtures seems to be negligible except when glucose
is used in the presence of Time: in this case, the conversion of
ettringite into monosulfate is retarded.
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Introduction

Gluconate, lignosulfonate and glucese are the most widely used raw
materials in the production af water-reducing admixtures for concrete. They
alse retard the early hydration of partland cement. As (34 affects setting
and early hydraticn of portland cement, many works nave been devoted to the
influence of water—-reducing admixtures on C3A hydration. Most work has been
devoted to the influence of these admiztures (generally at relatively high
dosages in comparison with those used 1n practice}, on the hydration of pure
C3A without 1ime and/or gypsum {1-12). However, C3A in a cement will react
with an aqueous solution saturated with CH, produced by CqS hydration, and

* A e Kighy: C = Cal; S = 54078 T = 907, H = Honp € = C0p
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Cas0y - 2H;0. Therefore, it _is very surprising that the effect of water-reduc
ing admixtures on the C3A-CSHp-CH-H,0 system has not bean adequately studfed.
Only the effect of commercial lignosulfonate on this system has been examin-
ed {1, 13} Moreover, as these admixtures strongly ratard the CaS hydration
{14}, the aqueous solution in contact with C3A in a cement could be saturated
with gypsum but not with lime for a certain period of time. Thus, it should
be useful axamine also the effect of these admixtures on the Caﬂ-cgkz-Hgﬂ
System. Again, very few papers (2, 15), only concerning lignosulfonate, have
besn devoted to this subject,

The purpose of the present work is to ttudy the effect of gluconate,
lignesulphonate or glucose on C3A hydration in the C3A-CSHa-tz0 system in the
presance or absence of }ime.

The hydration of C3A 1in this system occurs in three successive stages
{13).

dtage 1 (34 reacts with Hy0 and CSHz producing ettringfte according to
equation |1 -

C3A + ICSHp + 26 Ha0 —eCah - 305 - Hyp (1]

Stage II When C§H2 has been consumed, the transformation of attringite
into monosulfate occurs according to equation [2]

203 + CaA = IS+ Hzp + 4Hpl —e3 T4 - 5 - Hp2 (2]

3tage Il The remainder of the (3A reacts with Ca(OH)p and monosulfate to
form 2 solid selution, according to equation (3] and the rest combines with
CH and Ha0 forming CgAM19 according to equation (4]

C3h + zCH + (1-2) [Cah - ©5 - H-|2:| + 120Hp0—=C3h -+ xCH- {1-z)CS-Hy, (3]

Cgh + CH + 1810 ——= C,AH)q (4]

Experimental

Tricalcium aluminate, quartz (5), sodium gluconate (NG}, purified sodium
Tgnesulforate {NLS) and glucose {G) are the same as those wsed in a previous
work {16}. Lalctum hydroxyde and gypsum were dry-mixes with the above materials
in the: proportions showh 1n Table I.

Hydration of pastes with and without admixtures (0.1 and 0.3% by weight
of C3A) was carried out at 20° € with a water solid ratio of 0.50, At hydra-
tlon times from 30 min to 7 days DTG analysis was carrisd out as {t was

described in a previocus paper (16). In some cases XRD analysis has been carri
ed ogut,

-
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TABLE I
Proportions of Anhydrous Mixes

C3A CH TP 3 NG NLS &
50 - - 10 40 - - -
50 10 10 30 - - - f
50 -~ 10 33.95 0.05 ~ -
50 10 10 29.95  0.05 - -
50 - 10 38.85  0.15 - -
50 10 10 28.85 0.15 -. ~
50 - 10 9,95 - 0.05 -
50 10 10 29.95 ~ 0.05 ~
50 - 10 8.8~ 0.15 -
50 10 10 28.85 ~ 0.15 -
50 - 1o 39.95 - 0.05
50 10 10 29.95  — - 0.08
50 - 10 8.85 — - 6.15
50 n 0 28.85 - - 0.15

-

Results and Discussion

Figure 1 shows the DTG curves af the hydration products for the C3A-CSH2
system in the absence of admixtures, without and with CH. The specimens exhi-
bit varions peaks which can be attributed as follows, The DTG peak at about
130° € with a shoulder on the right side 15 assigned to & stepwise thermal .
decampasition of CSHz Inta C5Hy and (5, The peak at about 120° C {s attributed
to the dehydration of ettringite {C3A - €5 - H32), whereas the peaks at about
200° C and 280° C are attributed to the thermal dehydeation of the monosylfa-
te. The peaks at about 500 C and 800° C are assigned to CH and CaClg respecti
vely. The disappearance of gypsum and the formation of ettringite (Stage I,
e.q. [1] ) and its conversion to monosulfate {Stage 2, e.q. (2] ) are proces-
ses which occur more rapidly in the absence (Fig. 1A} than in the presence of
CH (Fig. 18). These data agree with XRD results showing that the GaA disappea-
rance in the presence of C§Hg was retarded by addition of CH. These results
confirm the data cbtained by Mehta {17) and the Forsem's results quoted by
Taylor (18} Indicating that CH addition retards the hydration of C3A in the
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DTG curves of the C3A-C3Ho-H
system without (A} and ﬂf%h
{(B) CH. G w Gypsum; E = Et-
tringite; M = Monosulfate;
CH - Calcium Hydroxide; ¢& =
calcium carbonate.
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presence of gypsum. According to Mehta, “col]oidai“.ettr1ngite is produced in
the presence of CH which would retard the C3A hydration 1n a more efficient
way (17).

In the system studied fn the present work, CSH2 disappears in less than
0.5 hr in the absence of CH, and in more than ] day in the presence of CH.
However, preliminary tests showed that using different batches of C3h. gypsum
combings with H and C3A with diffarent reactians rates, possibly becausa of
differences in the reactivity of CzA. This means that the results obtained in
different laboratories using different batches of C3A may be guite different,
even if an equal composition of the mixes is used._Therefore, the effects of
water-reducing admixtures on the C3A-CSHy or C3A-(SH2-CH systems obtained by
different authors should be compared 1in retationship with the specific refe-
rence mixes without admixtures used by different researchers. The peak at
800° € is present alse 1n the specimens without CH and 1t increases with the
amount of monosulfate. It is confirmed that hexagonal aluminate hydrates are
particutarly reactive with COp {15).

Flgure 2 shews the DTG curves of the hydration praducts of C3A 1n the
presence of 0.3% NG and gypsum without {Fig. 2A} and with {Fig. 2B) CH. As
no significant effect has been found in the presence of 0.1% NG the results
are not shown here.

In the absence of CH, it seems that 0.3% gluconate s1ightly accelerates

“the ettringite production (equation [1] ) during the first 30 min {Fig. 1A and

2R) whereas the subsequent conversiom of ettringita ints monosulfate (equation
[2]} is retarded.
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FIG. 2

OTG curves of the C3A-CSHo-H
system in the presence of 0.3%
sodium gluconate without (A)
and with {B} CH.
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In tha presence of CH, the rates of ettringite production and gypsum disap
pearance between 0 and 24 hours are not substantially modified by 0.3% NG addi-
tion (Fig. 1B and 2B}. The type of ettringite produced in the presence of CH,
seems to protect the CaA particles fram hydration so efficiently that the NG
effect becomes negligibla. However, even {n the presence of CH, ettringite
appears to be stabllized by NG addition so that its conversion to monosul fate
after 1 day is significantly retarded, This would indicate that after | day

. C4A disappears more rapidly in the reference mix than in the mix with NG accord

ing te the reaction [2] . For instance, at 3 days ettringite appears still to
be the only hydration product in the presence of MG (Fig. 2B}, whereas in the
reference mix without admixture morosulfate is the predominant rhase (Fig. 1B).

The stabilization of ettringite by organi¢ products has been ascribed to
the penetraticn of organic molecules into the ntercolumnar region of ettrin-
gite crystal structure {19).

Figure 3 shows the OTG curves hydrated in the presence of 0.3% MLS and
gypsum without (Fig. 3A) and with (Fig. 3B} €H. No significant effect has
been found using 0.1% NLS; therefore the DTG curves of the hydration products
in the presence of 0.1% NLS ave not shown here.

[n the absence of CH, 0.3% NLS does not affects the ettringite production:
conversion of ettringite into monosulfate (Fig. 1A and 3A) appears to be retard
ed only to a negligible extent, So 1t seems that NG retards the C3A hydration
in the presence of CSH2 more remarkably than NLS does {Fig. 2A and 3A). Simflar
results have been abtained for the hydration of C3A without gypsum {16), Mas-
5azza and {osta (15) and Chatterji (2} found that lignosulfanate acts as a
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FIG. 3

DTG curves of the CaA-C3Hy-H
system in the presence of 0,3%
sodium lignosulfonate without
{A} and with (B} CH.
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retarder for the hydration of C3h in the presence of C§H2 and in the absence
of CH. However, they worked in quite different experimental conditions. Mas-
sazza and Costa (15) worked with the same CSHp/C3A and H/C3A ratios as those
used in the present work. Moreover, the kinetics of the reactiens {ettringite
Production and {ts cenversion {nto monosulfate) 1n their reference mix with-
out lignosulfanate 15 very similar tu that of the present work, However, they
used a much higher dosage (1% by wefght of CaA) of sodium purified 1ignosulfo
nate and this can explain why they found a significant retarding effect for
1ignosulfonate, Chatterji (2) worked with the same CSH2/CqA ratio as that of
our work and a lower H/C3h (= 0.6) ratio than thst of the present work. He
found that lignosulfonate significantly retards gypsum consumption, ettringi-
te proguction and its conversion into monosulfate evan with relatively low
admixture dosages similar to those used in the present work. However, his C3A-
C3Hz system without admixtura appears to be remarkably less reactive than that
of the present work As, for instance, gypsum is still present at 1 day. More-
aver, Chatterjl used unrefined caleium Tignosulfonate comtaining reducing
sugars and organic acids which could be responsible for the retarding effect
at low lignosulfenate dosage (0.2 = 0.4%}.

In the presence of both CH and CSHz, 0.3% NLS affects the CaA hydration
{Fi9...3B) to the same extent as NG does (Fig. 2B): the rate of ettringite pra
duction during the first day is not substantially madified, whereas tha tran-
sformation of etiringite into moncsulfate after 1 day 15 significantly retard
ed. Similar results have been obtained by Saligmann and Greening (13) and
Young (1) although they used higher dosages of commercial calcium lignosulfo-
nate,
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FIG, &4
DTG curves of the (3A-CSHp-H system in the presence

of glucose without and with CH. (A =
with 0,3% 6; B = with CH and 0.2 6; C -
and 0.1% GJ.

without CH and
with {H

Figure 4 shows the hydration products of CaA in the presence of G and
aypsum without (Fig. 4A) and with (Fig. 4B and C) lime.

In the absence of CH, 0.3% G dees not changes significantly the ettringi
te production; the transformation of ettringite into monosulfate appears to
be retarded to a negligible extent (Fig. 1A and 44). Similar resulis have been
obtained using 0.1% G,

In the presence of (4, 0.3% G remarkably retards the ettringite produc-
tion and gypsum disappearance (Fig. 4B). Consequentely. the transformation of
ettringite into monosulfate 15 delayed. For instance, at J days momosulfate
s the predominant hydration product phase in the C3A~CSHp-CH-H system with-
aut admixturé (Fig. 1B}, whereas ettringite and gypsum are still present in
the presence of 0.3% G (Fig. 4B). In the presence of a lower dasage (0. 1%)
of gluccse, ettringite only {5 present at 3 days {Flg. 4C). At 7 days, mong-
sulfate {s not yet present when a high dosage (0.3%) of glucose 15 ysed {Fig.
48}, whereas 1t becomes the predominant phase in the presence of a lower
amount {0.1%) -of glucese (Fig. 4C).
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Conclusions

At 0.1% addition, the effect of gluconate and lignosulfonate on the €A
hydration in the presence of gypsum appears to be negligible, whether 1ime is
present or not. At 0.1% dosage, glucose retards the conversion of ettringite
into mongsulfate only in the presence of 1ime.

At 0.3% addition, in the absence of lime all the admixtures retard the
conversion af ettringite into mongsulfate to a small extent: no retardation 1n
the ettringite production or gypsum consumption is caused by all the admixty-
res.

At 0.3% addition, 1n the presence of lime all the admixtures stabilize
ettringite and retard its conversion; only 0.3% glucose retards ettringite
production and gypsum disappearance,
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