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Summary s
A laborstory study of low-porosity concrete is rep—
df%ed. Evaluation and testing were done under a variety
of téﬁpgrature-pressure—brine concentration conditions,
simulating those prevailing in desalination plants,
 Corrosion of both the concrete and the reinforcing steel
wes assesééd. Pore structure studies have shown that
good proteE%ion could be offered by.coﬁtrolling the pore
structure, and by reducing the pore size to a limit where
molecular sié%e“actianﬂcoﬁld inhibit penetration of the
corrosive ions., A recomendation im offored where surface
contin s and sealants should be used to protect externmal

surface corrosion.

Trtroduction:

The economic feasibility of large- :scale desalting
rlants is in part dependent upon the development of impro-
v~d designs in the use of construction materials which can

lead to substantial cost reduction. The extensive use of
concrete and related materials in this type of construction
has been proposed as a cost saving item. Very little
:-cliground experience is ~2vailable concerning the use of
this material and the accessory materials which may be

required for use with concrete under the environmental
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condition® that will Ve ~v.countered in desalination plantse.

The use of low poiosity concrete seems to be a final

eczl for this particular application, and duiing the last
decade efforts were directed towards the production of. .-
hardened cement pastes of Llow porosity,(l,zﬁgﬂyihe details
of preparetiqn_and»the“techniégi data were puhlished
tlsewhere (l)‘ In the meantime theoretical. development. of
the means of pore structure anzlysis of these materials
received considerable iankersst (3.4.,, The present investi-
Z~51i0n represents the second phase of these studies, namcly
Those concerned with means of evaluation of the efficiency of
lew-porosity concrete undar the Workiné conditions of
temperature, g}ééSuremandwsalinitynﬁhaﬁwwi%lwexist_invanh-m
evaporétor-type dezalting plent. The test program consists

of three related studies ldernwitficd as folliows:

1 -~ Evaluation of ccncrete containing natural coarse
aggregate under a variety of temperature-pressure-

brine concentration conditionsa.

II - Concrete reinforcement materials and their .zorrasion
under the working conditions,
III - Microstructural investigations mainly concerned with

pore size and pore size 4diswribution analysis.
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Brief presentation of the main results obtained would
lzad eventually to the conclusion that-the-efficiency of
ccnerete for this particular use is associated with the
fzvzlopment of microporosity, and that micropores with
hydraulic radii < 10 A might act as molecular sieves
for corrosive ions for both the concrete and the rein-

foronenent.

Experimental ¢

Evaluation of the concrete is cerried 2ou* in five
iadependent closed saline water test systems, each opera-—

ting under one of the following conditions:

-~ 40 °C, 0,07 Atm., 175,000 ppm (specimen I)
~ 95 °C, 0.80 Atm., 73,000 ppm (speciment II)

1
2
3 - 105 °C, 1.35 Atm,, 7%,000 ppm (speciment III)
4 - 120 °¢, 2.11 Atm., 73,000 ppm (specimen I7)
5

- 140 °C, 4.08 Atm., 38,400 prn (specimen V )

Synthetic sea wgter brines utilized in the 95°C
105 °C, 120 °C and 140 °C test systems were prepared using
& pfopristafy mixture ;f salts and tap water. This salt
preparation was a formulation of 10 granular inorganic
compounds most commonly found dissolved in the major

sceans of the world. The type and amount of each salt
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conpound found within this formulation is such as to neet

L&TM Specification D-1141~52, Formula A, for substitute
sca water, Brines used in these systems are subjected tc
an acid treatment prior to use to reduce the quantity of

carbonates.

It was found to be impossible to dissolve enough sea
salts to obtain a concentration of 175,000 ppm specified
for the 40 °C brine test, because of the low solubility of
calciun salts. Since this problem would -be encountered in
fractice and would be solved by. the use of ion exchange
rceins or other means of water softening, the final test
solution was modified Yo duplicate a softened water by the
substitution of sodium for a large percentage of the calciur

and magnesiun,

The concrete tested in the main progranm contains
notural aggregate (gravel) with a maximul size of % inch.
¢ conerete consisted of 1 part by weight of cement,

2.2 parts sand and 2.8 parts gravel, The clinker is t; .o
I, and it contains as well caicium'lignoeulphonate (1% by
weight of clinker), calcium carbonate (0.5% by weight of
clinker and dissolved in the nixing water) and tap water
(1,2)v The water/cenent ratio was 0.40., The Blaine

surface area of the clinker was about 6000 cme/gm.
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Concrete in the form of 5 by L2-<.inch ¢ylinders and
4—~ by 4-~ by 30 inch tars waz giauwec »n the 12— inch~diapeter
test chambers of ithe tesh-systens, drine was circulated at
approximately 4 feet per second for the predeaignated number
of days, then the concrete was rcuoved and sudjected to stin-—-
dord concrete tests. These tests inclufed determinations of
length and weight charge, modulus of elasticity, nnit weight,
and conpressive strenghth. Specimens wens aiszo petrographi-
cally examined to deilermine microsiTuciural. crecking and”

4

Jhienicalalternationse.

Pore size analysis was done or aicroscopically selected
-cimens from which the aggregate was removed, and by using
m2ter vapour adsorption~desorption techniques (546). hrelysis
of wide pores (hydraulic redius T, T 20 Ey was done by using
the nodelless method (3), while nicropore anaiysis (rh < 20 K)

s done by the. MP-method (4).

Corrosion and corrosion inhivition of steel in
concrete was evaluated by ancdls polarication measurements,

ir which a rapid laboratory pethod could be applied (7,8).
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Results:

A) Conpressive strength and nodwius of e asticitys

High and low tenperature disﬁilled water tests
proved quite conclusively that a nornal high--mality con-
crete cannot suitably withstand the leaching effects of
nineral-free waters even at only noderate btermperatures.

.The severity of leaching of the mabtrix from the concmete |

by the low-temperature distillate was sonewha’ less than

| that which occurred from exposure tc %he high—temperature
~. 11late, However, in both cases deterioration of the |
.rfoeces was-sufficient to preculude the use-of .narmal con-

s ..te in areas of flowing distilled water.

The general conditions of the iow porosity concrete
ubjected for 2 years to the 40°C synthetic sea water briue
is excellent., Concrete specimens have show no signs of
deterioration of any type; further, all dynamic, static,
and petrographic tests indicate that the concrete remains
sound. Coupressive strengths of the concrete increased witl:
continued brine exposire to a nmsximum of 8,980 psi at 1 year
.2 then dropped slightly *+o 8,240 psi at 2 years' age,
Ti;ureul¢‘_§ince no deterioration could he detécted by a -
<f the microgdbpical tests, the cause of ihis reduction ..

coupressive strength is not known. Continuously dried
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coenkrel concrese. after a comparablae. age-had a -compressive
strehgth of 7,750 psi., Modulus of elasticity of 5.68
nillion psi was above the range normally expested for good

quality concrete, Figure.2,

The general Qpndition of the concrete subjected for 1
vear to the 95¢ éynthetic sea wdter brine can bé cansidered
¢xeellent., No evidenée«cf*deterioration.exjsts, although
fo-w ninor alteration is occurring on the periphery of the
specinens, Figure 3, Compressive strengths of the natural
cuoregate coneretes éveraged 8,660 psi after 1 year of

EXPOSUre.,

The general condition of the concrete subjected 1 year
to the 105 °C synthetic sece water brine can be considered
gcod; Vo é#idéhcé'of'deterioration-exists,“although sone -
ninor surface alteration has occurred,  Compressive stfength
of the nctural aggregate conerete subjected this environ-—
ment for 1 year averaged 8,350 psi, Figwre i. The strepgth
progression of this conerete is comparable to that deve-

loped by similar concrete undergoing other hot brine

cuposure and in no way dndicates deteriorated concrete,

The general condition of the concrete subjected for

i year to the 120 °C synthetic sea water brine can be
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considered good. Althongh sone surface. alteration has
been deternined petrographiecally, no deterioration has .
taken place, Compressive strength of the natural aggregat-
conerete averaged 8,520 psi, Figure 1. Moduli of elasti-
city of the natural aggregate concretes averaged 5.86
nillion psi. This value is well above the 4.5 wmillion pisi.
considered a?erage for good quality concrets and .no

evidence of deteriorction exists.
i

The general condition of the concrete subjected for

2 ycars to the 140 °C synthetic sea water brine can be con-
sidered both good and warginal, The inkerior concrete is
still sound as evidenced by high compressive strengths
clthough saomewhat. less than at previoues--reedings._and lici
«f nicrostructural cracks, expansiocn, or chemical reactions.
The surfoce concrete, however, is altered chenically and
deteriorated to an average depth of 11 millimeters. This
deteriorated periphceral concrete, wihich has thickened
soriewhat during the st 6 nonths' exposure, has undergone
softening, but except for renocval by jarring, this sunface
-~terial is still intact. Based on the original cross—
svetional area of the speciiiens, maxinum coupressive
strength of the Concrete subjected to the 140°C brine was
developed after about 90 days' exposure, Subsequently, it
retrogpgssed fron the maximun of 7,910 psi to 6,150 psi
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after 18 months' exposurs, Figure l.--This .retrogression
hes been somewhat proportional to the rate and depth of
Ceterioration which indicates that the drop in compressive
strength is due, for the nost part, to the reduwction in
¢ross~sectional area of the sound concrete in the specirer,
v deterioration of the interior concrete has been noted,
Jedulus of elastieity of the concrete was 4.50 nillion psi.
This figure is average for good quality concrete and reflect
nc deterioration, It should be pointed out here that in 1

light of the surface dcterioration being undergone by the

conerete, its use at 140 °C would probably not be recommencid.

R) _Reinforceuent Corrosion Studiess

To provide a nondestructive test for predicting the
cerrosion behaviour of concrete embedded steel, the elect~. .
c..enical approach has been used by neasuring the anodic
polarization behaviour of the steel (7). Two types of
anodic polarization experinents were carried out. In the
one type the potential was nmeasured as a function of the
~~lorization current density per unit area of anode; and i
ulic other type the steel potential was measured ésﬂa
—uiiction of tinme at a constant current density of 10

~icroamperes per sq. Che
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Results of these- tests indicate._that no--significant
~.2rosion of the steel reinforcing bars has occurred as &
z.ealt of their exposure to any of the five brine envirci—
cents for any length of time, Table (1) sunmarizes the
results chtained fron these experiment combined with

wsaght loss tests.

C) DPore structure siudis

2]

[

Complete pore strmuetune aneiysis has been darried out
Uoth for the unexposed concrets and for the concrete exposci
tu the five brine envircnments., The pore structure was
~uasured for the nmoctar after the gravel was renoved frcua
the specimens, Analy=is was based on measurements of the
Lasorpblon—desorpticn of water wvapour at 35 °C. Wide pores,
with hydraulic radii % 20 E? were analyzed using the
"corrected modelless n-thod" (3), while narrow pare, with

(]
bydravlic radii « 22 A, were analyzed using the "MP-nethod"

R

Results of the analyses are shown--in Figure 4. Two
ain significant conclusions could be drawn from these
recults, navelys

~ Pon both the criginal unexposed concrete and the

exposed conecrete, dunl distribution of pore sizes
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exist, with.the prusence of akgignif:aant group..of
pores of hydraulic -radii_ of about 5 0. e .signifie..
cance of such esult lies\lnﬁﬁbe fact Shat with suweh
narrow pores of dimensions coﬁpérablg to nolecular
paraseters, the mdlecular~sieve actio; against corros-

ive ions could be easily un&ératgod.
N
2 -- Bince the protection of both concré¥e corrosion ¢nd

enbedded steel corrosion was offered‘in this invmstiéén
3385“%ﬁ£55§h nolccular sieve.actign; the_ pogsent. Teiw. ..
do not offer any protection against~concre§e surfacc
corrosion, ~ It is recommended in this respedt that
surface coatings and sealants be applied as well

beside the controi of the pore stiucture. Current
research is now being directed to this point and
prcuising results are now being accunulated which lead
to the goal that couplete protection could be assumed

when control of pbre structure is coupled with wsurfacc

coating protection.

Sonclusionss

Conclusions based on available results of tests
performed on the low porosity concretgsJused,inwthis
investigation are as followss

"~ Conventional portland cement concrete of normal
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porosity will not witnstand *the leaching <ffects
of hot flowing water.

Low~porosity concrete has not been deterimentally
affected by 2 yearis exvosure tc the 38°C flowing
synthetic sea water brine. It appears, therefore,
thet it would be suitable for use under these
conditions Ty an 2xtended perind £ *ime..

The interior of concrete exposed to the 140°C
synthatic s=a water brine for 24 months is sound;
however, the exterior concrete is moderately det—
eriorated to an average deptoh of 11 millimeters
and shows ckendical alteration. extensive micro-
fraciures, 214 some separaticn by large cracks,
The life expectancy of this concrete under the
subject environment camnot be predicted at this
time, although its use wouid probably not be
recomuended, Its use would require some . sacrify
ical concrete in addition to that covering the
reinforcing steei on itne surfaces exposed to the
brine,

No significant corrosion of the steel reinforcing
bars has occurred as a result of exposure to flowing
synthetic sea water brine regardless of temperature

o lengtkh of exposure,
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.~ Pore size_apalysis «of.the bardened cenent tonponent
indicated the pregence of a sped¢ial group of nicro-
pores, with hydraulic radii «¢ 10 K; and these could
possibly act as molecuiar sieved dgainst corrosive

ions, both for corcrete and for steel reinforcenent.,
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Table (1)
Corresion Rates of Embedded Steel Reinforeing Bars
| %cc%mulagige Corrogion ratebof steel at
winen 68T perio end of test period :
Specincn ( dayd ) ( en 7/ year gdb the bar )
- ,w_‘_ RS VI P ..‘ L,
I . 28 s Q2
90 : 0.2
180 | 0.3
270 s O
1l year H 0.2
' 18 nonths : =% NSC
I1X 28 H 0.1
9 $ 0.2
180 t 0.2
270 H 0.3
1 year ] 0.3
18 nonths ¢ NSC
I11 ' 28 3 3.2
90 1 2.8
180 H 242
270 H 0.6
1 year 3 1.0
18 nonths H NSC
Iv 28 H 1.1
%0 s 1.5
180 H 2.4
270 3 0.5
1l year 3 242
18 nonths H NSC
v 28 t %= 101
90‘ : 10.1
180 H 10.1
270 : 10.1
1l year : -
18 nmonths : NSC
2 years H NSC
# L = less than
xx NSC = no significant coxrrosion
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Fig . (3) Comparison of concrete surface layer alteration.
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