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Abstract 

The aim of the study is to evaluate the bioreceptivity to green algae of a thin layer of 

mortar based on Calcium Aluminate, SulfoAluminate and Portland cements. The results 

highlight the ability of Calcium Aluminate Cement (CAC) thin coating to inhibit the algal 

colonization on the duration of the test. SulfoAluminate Cement (SAC) did not affect the 

biocolonization. Through Avrami’s model, it is shown that CAC strongly inhibits the growth 

of algae, while the SAC slightly inhibits the growth but strongly promotes the attachment of 

algal cells. 

 

1. INTRODUCTION 

Building materials are progressively and inevitably subjected to biological colonization 

[1]. More especially, the facades of buildings become more and more bioreceptive due to their 

exposition to weathering rain, wind, sunlight, and CO2, etc. The term “bioreceptivity”, as 

defined by Guillitte, corresponds to “the ability of a material to be colonized by one or more 

groups of living organisms without necessarily inducing biodeterioration”[2]. Regarding 

facades of buildings, biological stains affect clearly their aesthetics and represent a significant 

economic loss, due to the costs of cleaning works. The color of the biofilm is mainly green, 

black or red, depending on the biological species, themselves depending on climatic 

conditions, geographic location, exposure ([3][4][5]). Several biological organisms can be 

involved in the biocolonization of façades, such as bacteria, cyanobacteria, algae, fungi and 

lichen. Among these microorganisms, cyanobacteria and algae are predominant in the biofilm 

formed on the substrates, and they are the first colonizers after bacteria [6]. 

The intensity and kinetics of biological colonization of buildings surfaces depends on the 

environment and the substrate [7][8]. Physical (roughness, porosity) and chemical 

(mineralogical/chemical composition, surface pH) characteristics of the substrate influence 

biological colonization [9][10]. It was shown that calcium aluminate cement (CAC) exhibits a 

greater resistance than ordinary Portland cement (OPC) to inorganic or organic acids 

produced by microorganisms, such as sulfur-oxidizing bacteria or fungi [11][12][13]. The 

growth of green algae, such as Klebsormidium flaccidum, is also slowed down by CAC [14].  

The aim of the present study is to combine the potential resistance to the proliferation of 

green algae by CAC, while reducing costs by decreasing the amount of CAC used. A 

SulfoAluminate Cement (SAC) was also tested. The objective is to highlight the effect of the 



Page  2 

chemical composition of the cement used in mortar on the attachment capacity of green algae 

and on their growth during a laboratory test. The experimental algal colonization was 

simulated by Avrami’s model and the rate constants related to algal attachment and growth 

were extracted. 

 

2. EXPERIMENTAL APPROACH AND RESULTS 

In order to reduce the cost of the materials, a thin coating of 1 mm thick, of CAC-based 

mortar and of SAC-based mortar were deposited on the surface of an OPC-based substrate 

(labeled CEMI). An OPC-based coating, with the same composition, was also tested as 

reference. The bioreceptivity of the samples were tested using a biofouling laboratory test. 

During the experiments, a suspension containing the green alga, Klebsormidium flaccidum, 

was periodically sprinkled (1.5h each 12h) on the top of the tested samples inclined at 45°. A 

specific image analysis method, based on image segmentation using a pixel supervised 

classification, was developed and used to quantify the colonization rate of each sample. An in 

situ evaluation of the biofouling was also investigated. Samples with the same design were 

also exposed to natural conditions on a bench located outdoors in Douai (North of France) 

(device is described in [15]). 

 

3. RESULTS 

By applying Avrami’s model (eq. 1), the colonization rate was then simulated and was 

described by two processes: attachment of algal cells and their growth. Indeed, the 

colonization is initiated by the attachment of algae on the surface of the samples. It results in 

the appearance of very small green spots on the surface, corresponding to algae, which can be 

assimilated to nuclei in the Avrami’s model. These algal spots are detected after a specific 

time called latency time (tl). The extension of the colonization results from the growth of the 

first algal spots and from the adhesion of new ones, as in the Avrami’s model. These two 

processes are characterized by two rate constants, Kg (Spot.day
-1

.µm
-2

) and Kc (µm.day
-1

), 

corresponding to the attachment and the algal growth, respectively. 
n

lK(t t )X(t) 1 e    
(1) 

with 

2

g cK AK K  (2) 

2
A

(q 1)(q 2)(q 3)


  
 

(3) 

n q 3   (4) 

The rate constant correlated to algal attachment (Kg), as well as, (q) were determined from 

image analysis data by quantifying the number of new algal spots appearing between two 

images, using eq. 5.  

q

g l

dγ
K (t t )

dt
    

(5) 
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Where  is the number of algal spots at time t per unit area (Spot/mm
2
) 

(q) was found to be equal to one for each formulation. Finally, the rate constant related to 

algal growth (Kc) was calculated from K, Kc and q previously determined. 

 

The results show that Avrami’s model is suitable to simulate the algal colonization of 

cementitious materials. The results from laboratory test highlight that the CAC coating 

inhibits the algal colonization of the samples. Conversely, the SAC did not seem to affect the 

colonization rate. However, despite the same colonization rate, the SAC promoted the 

attachment of algae (higher Kg) but partially inhibited their growth (lower Kc), compared to 

the OPC. The inhibition of the algal growth was strongly increased by the CAC, since Kc was 

around ten times lower than for CEM I. Moreover, the latency time seemed to be affected by 

the chemical composition of the coating.  Indeed, CAC exhibited higher latency time than the 

two other cements. 

a)  
        
b) 

c)    d)     

Figure 1: a) Evolution of the experimental and simulated Colonization rate for each tested 

mortar, b) attachment rate constant, c) latency time, d) growth rate constant 

3. CONCLUSIONS 

 The results confirmed the ability of CAC to exhibit an algaecide effect, even if the 

deposit was only a 1 mm thick coating, conversely to SAC. 

 Avrami’s model is suitable to simulate the colonization rate of cement-based mortars. 

 The attachment rate constant (Kg) was weakly affected by CAC but strongly by SAC. 

 The growth rate constant (Kc) and, to a lesser extent, the latency time (tl) are affected 

by the chemical composition of the mortar. The growth rate constant was around ten 

times lower for CAC-based mortar than for the reference. The CAC strongly inhibits the 

algal growth. 

 

0%

10%

20%

30%

40%

50%

60%

70%

80%

90%

100%

0 20 40 60 80

C
o

lo
n

iz
a
ti

o
n

 r
a
te

 (
%

)

Time (day)

x(t) CEMI

x(t) CEMI simulated

x(t) CAC

x(t) CAC simulated

x(t) SAC

x(t) SAC simulated

0.E+00

1.E-07

2.E-07

3.E-07

4.E-07

5.E-07

6.E-07

7.E-07

8.E-07

9.E-07

1.E-06

CEMI CAC SAC

K
g

 (
s
p

o
ts

.d
-1

.µ
m

-2
)

0

1

2

3

4

5

6

7

8

CEMI CAC SAC

L
a
te

n
c
y
 t

im
e
 (

d
)

0.0E+00

5.0E+01

1.0E+02

1.5E+02

2.0E+02

2.5E+02

3.0E+02

3.5E+02

4.0E+02

4.5E+02

CEMI CAC SAC

K
c
 (

µ
m

.d
-1

)



Page  4 

REFERENCES 

[1] Hendry, E.A.W., 'Masonry walls: materials and construction', Constr. Build. Mater. 15 (8) 

(2001) 323–330. 

[2] Guillitte, O., 'Bioreceptivity: a new concept for building ecology studies', Sci. Total Environ. 

167 (1–3) (1995) 215–220. 

[3] Gaylarde, C.C., Gaylarde, P.M., 'A comparative study of the major microbial biomass of 

biofilms on exteriors of buildings in Europe and Latin America', Int. Biodeterior. Biodegrad. 

55 (2) (2005) 131–139. 

[4] Barberousse, H., Tell, G., Yéprémian, C., Couté, A., 'Diversity of algae and cyanobacteria 

growing on building façades in France', Arch. Hydrobiol. Suppl. Algol. Stud. 120 (2006) 81–

105. 

[5] Rindi, F., 'Diversity, Distribution and Ecology of Green Algae and Cyanobacteria in Urban 

Habitats', in: Algae Cyanobacteria Extrem. Environ., 2007: pp. 621–638. 

[6] Tomaselli, L., Lamenti, G., Bosco, M., Tiano, P., 'Biodiversity of photosynthetic micro-

organisms dwelling on stone monuments', Int. Biodeterior. Biodegrad. 46 (2000) 251–258. 

[7] Crispim, C.A., Gaylarde, P.M., Gaylarde, C.C., 'Algal and cyanobacterial biofilms on 

calcareous historic buildings', Curr. Microbiol. 46 (2003) 79–82. 

[8] John, D.M., 'Algal growth on buildings: A general review and methods of treatment', 

Biodeterior. Abstr. 2 (1988) 81–102. 

[9] Ortega-Calvo, J.J., Ariño, X., Hernandez-Marine, M., Saiz-Jimenez, C., 'Factors affecting the 

weathering and colonization of monuments by phototrophic microorganisms', Sci. Total 

Environ. 167 (1995) 329–341. 

[10] Deruelle, S., 'Rôle du support dans la croissance des microorganismes', Mater. Struct. 24 (3) 

(1991) 163–168. 

[11] Herisson, J., van Hullebusch, E.D., Moletta-Denat, M., Taquet, P., Chaussadent, T., 'Toward an 

accelerated biodeterioration test to understand the behavior of Portland and calcium aluminate 

cementitious materials in sewer networks', Int. Biodeterior. Biodegrad. 84 (2013) 236–243. 

[12] Lors, C., Hondjuila Miokono, E.D., Damidot, D., 'Interactions between Halothiobacillus 

neapolitanus and mortars: Comparison of the biodeterioration between Portland cement and 

calcium aluminate cement', Int. Biodeterior. Biodegrad. 121 (2017) 19–25. 

[13] Govin, A., Albuquerque, I., Grosseau, P., 'Development of an accelerated test of fungal 

biodeterioration: Application to calcium aluminate cements', in: Calcium Aluminate Cem. 

Proc. Centen. Conf., Avignon, 2014: pp. 511–522. 

[14] Grosseau, P., Dalod, E., Govin, A., Lors, C., Guyonnet, R., Damidot, D., 'Effect of the 

Chemical Composition of Building Materials on Algal Biofouling', in: 27th Bienn. Natl. Conf. 

Concr. Inst. Aust. Conjunction with 69th RILEM Week, Melbourne, 2015: pp. 735–744. 

[15] Dalod, E., Influence de la composition chimique de mortiers sur leur biodétérioration par les 

algues, PhD Thesis, Ecole des Mines de Saint-Etienne, 2015. 

 


