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Scanning Electron Microscopic Examination of the Effects of an Inhibitor and

an Accelerater on Setting and Hardening of Portland Cement Paste and
Wood-Cement Compesites (WCC)*!
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1. INTRODUCTION

The composition of the portland cement is basi-
cally calcium silicate mixture predominantly con-
taining tricalcium and dicalcium silicates which
can usually be abbreviated as C;8 (3Ca0 - Si0,)
and C,S (2Ca0 : Si0,) and tricalcium aluminofer-
rite (C,AF) in smaller proportion.

The general composition of the portland cement
is in Table 1.

mainly monocalcium aluminate(CaQ-Al,Q,, or CA)

High aluminum cement ccntains
and relatively small amount of silicates.

Some technical terms on cement are defined for
clarity as follows (14):

Cement paste: the thick slurry formed by mix-

ing a cement with aggregates and water on such
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retarder, wood-cement composites (WCC)

proportion that setting will occur. Also the mixture
above and resulting materials at all stages of set-
ting and hardening, even after becoming quite rigid.
Setting: the initial stiffening, which usually occurs
within a few hours. Hardening: the development
of strength which is a slower proccess of strength
development of the paste. The strength of the paste
increases at least two years in portlanid cement
under ordinary temperatures, Hydration reaction:
the reactions causing and hardening of cement
paste, Curing of paste: leaving the paste for
setting and hardening. Neat cement: the paste of
a cement with water in absence of aggregates.

The silicates in portland cement hydrate form
clusters of acicular particles. These clusters are
fount at the time of initial set of paste and be-

come larger and denser. Interlocking and growing
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Table 1. Potential Phase Composition for Coments of Different Types
Cement Potential phase composition(%) Free
— Ca0 CaS0, Total*
Type  Deseription C:S C.S CA C,AF MgO (%) (%) (%)
1 General Use 45 27 11 3 2.9 0.5 3.1 98
I Moderate Heat of 44 31 5 13 2.5 0.4 2. 99
Hardening
T High Early Strength 53 19 11 9 2.0 0.7 4.0 99
¥ Low Heat 28 49 4 12 1.8 0.2 3.2 98
V Sulphate Resisting 38 43 4 9 1.9 0.5 2.7 99

Note: 1, The remaining 1—2% consists anainly of moisture, insoluble residue,

bined in various ways.

Source: Taylor, H.F..W. 1964. The Chemistry of Cements. Vol.1. p.5.

mic Press.

together of the clusters of acicular particles cause
final hardening of the cement paste. The develop-
ment of strength in concrete is the result of che-
mical reactions —hydration reaction— between the
cement constituents and the water added. The con-
solidation process occurs by the formation of rigid
interlocking matrix of hydration products. The hyd
ration products gradually replace the water between
the cement grains and finally bind together (2).

2. BACKGROUND
2.1. The Hydration Process of Cement

The estimated necessary curing times of cement
paste depend on the water to cement ratio (W/C),
for type I cement at standard laboratory condition.
It takes one year when W/C is 0.7, half year W/C
0.6, 14 days W/C 0.5, 7 days W/C 0.45 and 3
days W/C 0.40. The volume of the cement gel and
other products is about 2.1 times that of the cem-
ent from which it was derived. Therefore, hydra-
tion products replace not only cement but also some
of the water filled space (9).

The hydration of cement takes three basic hyd-
ration stages. Just after adding of water into
cement, calcium hydroxide and calcium sulfoalu-
minate so-called “ettringite”: 3Ca0-3A1,0,-2CaS0,
+32H,0, are formed at the first stage. The ettri-
ngite is a longneedle-like form.

After an hour, crystalization of calcium silicate
hydration in long fiber forms—“tobermorite”, from

tricalcium silicate—*“alite”, and from dicalcium

and alkali oxides com-

Taylor, H.F.W., Ed. Acade-

silicate—“belite” occurs at second stage. The long
fiber-like crystallines of calcium sicate hydrate
bridge over the needle-like crystallines of ettrin-
gite resulting in huge micropores and give the
greater stability to the structure. The length of
the fiber is about 1 micron and the range of the
diameters is 50 to 1,000 Angstroms.

At the third stage of hydration the existing
pores in volume are filled up with newly forming
fine crystallines of calcium silicate hydrate and
are made smaller in size-micropores, then the basic
structure of cement paste is consolidated and stre-
ngth of cement paste increases tremendously(1).

The hydrogel developed in a portland cement is
an intimate but still heterogeneaus mixure of
several phases. The predominant phase is a coll-
oidal calsium silicate hydrate of indefinite or

C-S-H gel
The second
major constituent of cement gel is hydrated lime
(C-H),
separated in the process of hydration of the cal-

variable composition. This material,

pahse, is structurally tobermorite,

dissolved or reprecipitated or otherwise
cium silicates. Third gel phase is the groups of
compounds formed as products of hydration of the
aluminate-bearing and ferrite-bearing clinker con-
stituents in a solution containing calcium and sul-
phate ions, and also reactive silica complex. This
phase is complex of C-A-H gel phase (4).

The size of hydration products of portland cem-

ent are all in the range of resolution of the scan-
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ning electron microscope (14). Early studies on
cement structures were done by reflective optical
microscope but the preparation of specimens is
extremly difficult(5). Microstructure of cement in
fresh paste and cured paste is various forms of

crystalline and of amorphous (4).

2.2. The Inhibitor and its Mechanisms on
Cement Setting

Certain chemicals affect the setting and harden-
ing of cement. The substances from wood distur-
bing cement setting and hardening are called
inhibitory substances. Even impurity of water it-
self hinders the cement setting severely. Water
soluble sugars such as glucose, fructose, sucrose
and galactose present in sapwood disturb the sett-
ing and hardening of cement (13).

Saccharinic acid and isosaccharinic acid converted
from sugars present in woods under alkaline con-
ditions during setting are one of the main inhibit-
ory substances in cement setting. The saccharinic
acids react with calcium giving unsoluble salts
which cover the growing crystalline particles of
cement hydration (3). The critical amount of xyl-
ose, glucose, cellobiose, ascorbic acid and glucu-
ronic acid as cement inhibitor is below 0.25 per-
cent and that of raffinose is ca 0.50 percent.
Phenols, conidendrin, tannin and pentachloroph-
enol are also critical to cement setting (10).

The quantitztive index of inhibition, I, is exp-
ressed as:

I=100 Qs/(Qs—Q)

where Qs: the time required for uninhibited cem-

ent to attain its maximum tempera-
ture while setting in a Dewar flask.
Q: the time required for inhibited cem-
ent mixture of 200 grams of cement,
15 grams of wood and 90ml of water,

On t' e same species of wood used, the index

decreased with increasing of the wood particle
diameters (15).
Usually, the resin acids are more in pines, 3 to

It is

necessary to add calcium chloride for saponifica-

3 percent, than spruce or firs, 1.5 percent.

tion of resin acids presenting in wood (11).
2R -CO0QH+CaCl,——(R-C00),Ca+2HCI

Addition of 3 percent calcium chloride to the
mixture causes the increase of internal bonding
and modulus of rupture in Wood-Cement Compos-
ites (WCC)(6).

Organic substances such as cellulose products,
sugars, carboxlic acids, tannins and lignosulfonic
salts, as mentioned above, are the well known
inhibitor of cement setting. These compounds have

HO-C-H groups, then the following hypothesis is
proposed: Since the compounds are absorbed in
the cement stones(grains) of 3CaO - §i0, and 3Ca
0-Al,0, then protection layer of hydration on the
cement particles occurs. On the other theory,
sugars are converted into calcium saccharides in-
the water-cement system which have quite poor-
dissociation in the system and it causes the in-
creased solubility of aluminum and the aluminium
silicate gel covers over the surface of cement
particles, the hydraticn of cement severely retards
The main reason for this is

or ceases. that the

aluminum silicate gel is a material which has

hard water penetration properties (12).
3. EXPERIMENTAL
3.1. Materials

2.7
x2.7%20.0mm in size, 0.19% solution of sucrose as

Portland cement type I, Populus sp. slivers,
an inhibitor, and 1.09% solution of calcium chloride
(CaCly) as an accelerator were used.

3.2. Procedures
3.2.1. Preperation of Sample Paste and WCC

10.0x 12,0 160. 0Omm

in dimension and expected censity 1.2,

Wood-cement composites,
were pre-
pared as follows: Wood to cement ratio is 0.3 and
water to cement ratio (W, C ratio) 0.4.

Cement paste, 10.0x15.0x70.0mm in dimension,
was mixed in the condition that cement to water

ratio was 0.4,

3.2.2. The Mixture

Wood-Cement Composites : Spraying the cal-
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culated amount of water having 1% of calcium
chloride or sucrose onto that of sivers of poplar
and moistening after 10 minutes in a beaker, add
the weighted amount of cement into the water-
wood mixture. Mix the system and set.in form.
Cement paste: Cement pastes are prepared
with the water having 1.0% of calcium chloride
as an accelerator or 1.09% of sucrose as a retarder

of cement setting, and set in forms.
3.2.3. Curing

All the specimens for cement paste and WCC
are cured 24 hours under 20°C and saturated rela-
tive humidity.

3.2.4 Treatment of Inhibitory Solution:

After 24 hours of cement setting and hardening
of specimens are progressed, some of the specim-
ens{accelerator treated one or neat paste without
inhibitor) are immersed into 1% sucrose solution
for 10 minutes. After the treatment the hoards are

cured 5 days under the same curing condition,
3.2.5. Electron Microscopic Examination

Preparation of Specimens: The exposing ®erea
of specimens for scanning electon microscopy (SE-
M) is the part of the fresh fracture surface in
the range of ca 10X 10mm in size.

Drying of the Specimens : Samples of cement
powders, specimens having fresh fracture surface
and slivers of poplar from WCC were dried 4days
under vacuum,

Coating of the Specimen: After mounting the
specimens on stubs, all specimens were coated
with gold in thickness of 150 Angstroms under 50
to 100 Torr in vacuum in the spreading device,
Hummer 11 Sputting Device.

Kind of Specimens:

# (2) Paste with water and sugar (1 percent),

¥ (3) Paste with water and treated with sugar
(19%) 24 hrs later.

# (4) Paste with water and accelerator(19 Ca-

Cl).

# (5) Poplar sliver treated with 1% CaCl,(Set-

ting Accelerator).
# (6) Poplar sliver treated no accelerator.
Observation . Observation and photography of
the fresh fracture surface of the
done through SEM with the magnification of 500
and 2,000x on specimen #1, 500, 1,200, 3,000,

and 10,000X on specimens #2, #3, and #4, and

specimens were

500, S,000 and 10,000x onspecimen #5 and #6 at
20.6 kV. with Autoscan, ETC Corp. The exposure

time was 2 minutes,
4. RESULTS AND DISCUSSION

4.1. Portland Cement

The grains of portland cement are so fine that
nearly all of them pass at leat through a sieve
having 40,000 openings per square inch. The size
of each opening in 200 mesh is 0.075mm or 75
microns in diameaer. It is obvious that the newly
reformed materials exist in the cured cement
paste if there is something bigger than 75 microns
in dimeter. The biggest grains of portland cement-
are 30 to 40 microns in diameter. These grains
are the starting anhydrous compounds for hydrat-
ion of portland cement, There are two kinds of
cement grain in color under the light microscope.
The one is clear and transparency and 90 to 95%
in amount, and the other is dark in color, and
originated from iron ore, an additive to the port-
land cement at the grounding process, and 5-16

percent in number,

4.2. The Portland Cement Setting with a
Retarding Agent

As shown in Explnation of Specimens in page
8, the specimen 4 2 is prepared with sucrose,
1% by weight of cement at beginning. The scan-
ning electron micrographs of specimen # 2 are in
a series of different magnifications in Plates 1,
2, and 5. The specimen # 3 is the neat cement
paste treated with 19 sucrose solution after 24
hours curing at room temperature and almost sat-
urated relative humidity. The scanning electron
micrographs of specimen # 3 in different magni-
1, 2,

fications are arranged in series in Plates
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and 3. The specimens #2, #3, £ 4, # 5 and &
6 were cured 5 days under the same condition
above. Comparing the specimen # 2 with that of
# 3, Plate 2, there are sharp differences in ap-
pearance. In # 2 many cement grains remained
almost in original form, but in # 3, cement gra-
ins were changed to hydrate to gel phase, and
were reprecipitated or reformed to fiber form and
plate as shown at the micrograph # 2, Plate I,
In & 2, Plate 2, there are crystallites but they
are poor and a few in number, whereas in % 3
there are many well developed interlocking cry-
stallites in fiber and sheets of hexagonal flakes.
These flakes are either calcium hydroxide or
<alcium sulphcaluminate hydrate. The hexagonal
plate is assumed a calcium aluminate hydrate.
On the most well developed part in crystal form
in # 2, Plate 3, crystallites in small number as
well as denser humps in greater number on the
surface of cement grains are clearly observed
at the higher magnification. The humps are the
site of crystallite developing. But in this case
growth of the crystallites on the surface of cem-
ent grains ceased and became humps at the site.
In # 3, Plate 3, the broken crystallites of fiber
form are easily marked. The diameters of the
<rystallites are in the range of 0.1 to 0.4 micron.
There is no hump on the surface of gel phase,
These are the reasons that the specimen # 3 is
stiff, hard and has strength whereas the specimen

2t 2 is brittle and has no strength.

4.3. The Effects of an Accelerator on Cement
Setting

A series of scanning electron micrographs of
specimen # 4 having an accelerator, 1% CaCl, by
weight, is shown in Plates 4 and 5. The grains
of cement changed to hydrated gel phase at the
micrograph #4-A, Plate 4. No individual cement
grain is marked in the field of observation. In #
4-B, crystallites in fiber, cleavage of calcium
hydroxide or calcium sulphoaluminate hydrate and
hvdrate gel appeared. In #4-C, Plate 5, smaller

and denser crystallites between the gel phases

and sheets in form are observed clearly. In #4-D,
the broken crystallites in fiber form, crystallites
between the gels and the thinnest crystallites on
The thinnest
crystallites on the surface of gel phases are out

the surface of gel are appeared.

of resolution of the scanning electron micrographs
at the magnification of 10,000 times as shown in
% 4-D, Plate 5.

The microstructure of the fracture surface in #
4, Plates 4 and 5 is quite different from that of
% 2 and ¥ 3, Plates 2, 3, 4 and 5. in appeara-
nce.

A scanning electron micrograph of specimen #
4, in magnification of 3,000 times, is a crack of
cement paste, in Plate 6. In the micrograph,
bundles of crystallites, gel phases and sheets of
hexagonal flakes or plates in cleavage are obser-
ved clearly. It is assumed to crack freshly during
the preparation of the specimen fracture surface
or by shrinkage during setting and hardening of
cement paste.

4.4. The Effect of an Accelerator on Portland
Cement Setting in WCC

There is not much difference between unhyd-

rated cement grains and hydrated cement grains
in # 6, Plate 7. The
almost the same form and shape of portland

individual grains having

cement on surface of poplar sliver from WCC
are noticed in 4 6, Plate 7, but in £ 5, Plate
9, a smaller amount of cement grains is on the
surface of the sliver from WCC and the shape
of the grains is changed to hydrate deeply. The
difference between the two specimens ¥ 5 and
£ 6 is clearly seen in Plate 8.

An accelerator on cement setting and hardening
in WCC, especially with poplar wood, resulted in
the specific differences between the specimens %
5 and # 6 in shape and size of the hydration pro-
ducts. In # 5,

round ends on the surface of grains are located on

Plate 9, many tiny humps having

the surface of grains and gel phases. This is the
results of alkaline degradation products of poplar

wood components and alkaline extractives affec-
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ting the process of cement hydration in WCC, (163

The composition of a poplar wood is as follows

Table 2. Extractives of Populus tremuloides

Ether-Soluble Compositicn of the Extractives

Extractives Fatty acids Fatty esters Unsaponfiables
(%) (%)= (%) (%)%

1.0—-2.7 35 50 14

Noté: *Based on the ether-soluble extractivesv
Source: Wenzl, H.F.J. 1970. The Chemical Technology of Wood. pp.142—3, Academic Press.

EXPLANATION OF SPECIMENS

Specimen # 4 :Cement paste with an eccelerator
¥ 2:Cement Paste with water and 19 (1% CaCly).
sucrose by weight of cement. # 5 : Poplar sliver in WCC treated with
# 3:Cement paste treated with 19 an accelerator (19 CaCly)
sucrose solution after curing of 24 # 6 : Poplar sliver in WCC treated with
hours. no accelerator.

# 2 (500X) # 3 (500X)

PLATE 1. Scanning Electron Micrographs of the Fresh Fracture Surface of the Specimens # 2 and % 3
Specimen # 2 : Cement paste having 1% sucrose by weight.
Specimen # 3 : Cement paste immersed in 1% sucrose solution for 10 minutes after curing
of 24 hours.
The Difference in appearence between the specimens is quite distinct.
In £ 2 many cement grains are almost in original form, but in % 3 there
is much close contact of gel and hydrates in fiber form.



198001 5] ok & o -

PLATE 2.

PLATE 3.

# 2 (3,000X) ' 3 (3,000X)

Scanning Electron Micrographs of the Fresh Fracture Surface Showing the Difference of
Crystallites between the Specimens # 2 and % 3
# 2: Closed-up of the lower right part of #2, Plate 3. The well crystallized part in #2, Plate 3.
# 3 :Closed-up of the middle part of # 3, Plate 3.

There are crystallites in specimen # 2 but they are poor and a few in number, whereas
in # 3 there are many well developed interlocking crystallites in fiber form and sheets in
needle form,

L 4

#2 (10,000X) # 37(10,000x)
Scanning Electron Micrographs of the Fresh Fracture Surface Showing the Difference of Cry-
stallites between the Specimens # 2 and # 3in magnification of 10,000X
# 2 : Closed-up of the lower middle part of #2, Plale 4. This is the most well developed part
showing the most denser crystallines in the specimen.

# 3:Closed-up of the upper left part of 2 I, Plate 4. The diameters of the fiber form of
crystallites are in the range of 0.1 to 0.1 micron. On the fracture surface the broken
fiber form crystallites are easily observed in % 3.

The specimen # 2 is brittle in properties and has no strength.

The specimen # 3 is quite stiff and has strength.
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# 4-A (500X) # 4-B (1,200X)
PLATE 4. Scanning Electron Micrographs of tte Fresh Fracture Surface Showing the Well Developed
Crystallites in Specimen $#4 Compared with the Specimens #2 and %3 in Plates 2 and 3
# 4-A : Cement paste having an accelerator, 1% CaCl,.

# 4-B: Closed-up of the center part of #4-A.
The well delveloped crystallites are cobserved in abundance at #$4-B.

& 4-D(10,000X)

-

# 4-C (1,200X}
PLATE 5. Scanning Electron Micrographs of the Fresh Fracture Suriace on Specimen #4
Abundance of crystallites and gel is nnticed.
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2, 000X)
PLATE 6. Scanning Electron Micregraph of a Crack in Closed-up in the Middle Left Part of # 4-A,
Plate 6
It is assumed to crack freshly during the preparation of specimen fracture surface or

shri-nkage while setting and hardening of the paste.

% 5 (500X) it 6 (500X)

PLATE 7. Scanning Electron Micrographs of a Sliver Surface Showing the Effects of an Accelerator on
Cement Setting
£ 5: Poplar sliver surface treated with 1% CaCl,.

% 6 Poplar sliver surface with no accelerator.
Comparing #6 with A, Plate 1, there is not much difference between unhydrated cement

grains and hydrated grains in shape. Individual grains having poor forms on poplar sliver
surface are seen clearly in #6. In #5 a small amount of cement grains is on the surface of
the sliver but the shape of the grains is changed to hydrated.
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# 6 (3,000X)
the Effects of an Accelerator

# 5 (3,000X)
PLATE 8. Scanning Electron Micrographs of a Sliver Surface Showinz

on Cement Setting
% 5: Closed-up of the lower middle part of & 5, Plate 9.

# 6 : Closed-up of the left middle part of #6, Plate 9.
There are specific differences between the specimens #5 and #6 in shaps and size of the

developed hydration products.

4 6 (10,000X)

# 5 (10,000X)
PLATE 9. Scanning Electron Micrographs of Cement Hydration Products on Poplar Sliver Surface Show-
ing the Effects of an Accelerator on Cement Setling
# 5: Closed-up of the lower middle part of #5,Plate 10.

# 6 Closed-up of the center part of #6, Plate 10.

Tte defferences in crystalline form and in size are observed. Especially, the crystallites

in #5 are specific one.
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5. CONCLUSION

The sharp differences in appearance between
the fracture surface of a cement paste with 19
sucrose by weight and that of cement paste
treated with 1% sucrose solution after curing of 24
hours and beiween the specimen treated with an
inhibitor and that treated with an accclerator,
Many cement grains remained almost in an sriginal
form or were just covered with the thin gel layer
that might be considered the protecting layer of
the grains or hindering layer of water peneiration
for hydration of the grains. So-called protecting
fayer on surface of cement grains might be repre-
cipitated from the supersaturated paste of cement
at the first stage. The mechanisms of the inhibi-
ting agents on setting and hardening of portland
cement are not known in detail. Denser dot-like
humps, or humps in higher magnification, were
vhserved clearly on the fresh fraciure surface of
the gpecimen having an inhibitor. The humps are
the site of crystallite developing. With an inhibitor
the growth of crystallites might be ceased and
remained humps at the site,

On the fresh fracture surface of the specimen
having an accelerator, well developed hydrated
gel phases, clear crystallites, hexagonal flakes
and hexagonal plates in cleavage were observed.
But the short anl thinnest crystallites on the
amorphous gel surface are out of the resolution
at magnification of 10,000 times.

An accelerator on cement zetting and hardening
Letween the wood and cement interface in WCC
resulted in the specific differences in setting of
shape., The individual grains baving alinost the
same shape ¢f portland cement on surface of pop-
lar sliver from accelerator unireated WCC were
noticed, but on the fracture surface of acceleraior
ireatel peoplar sliver from WCC many tiny humps
havint rovnd end on the surface were located cn
surface of gel phases. This is the results of inhi-
biting action of alkaline degradation products from
poplar wood components and alkaline extractives

irom poplar wood.
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