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Abrasion experiments were conducted on two distinct materials: cement paste and
epoxy resin, both containing MWCNT additives. For the cement paste experiments, the
abrasive material was an alumina sphere, while for the epoxy resin experiments, a steel

disk was used as the abrasive.

1. Maximum “flash” temperature at sliding contact
The mmaximum “flash” temperature at sliding contact for the cement pastes was
evaluated using the method described by Kennedy et al., 1994 [1] as following:
Approximate solution for flash temperature (for elastic Hertzian contact, parabolic heat

source):

_ 1.31Rupev
ATmax = [K1/(1.2344+P¢1)+K,\[1.2344+P,;| (SD)

where R is is the size of the contact zone along the direction of sliding, p is the friction
coefficient, p. is the mean contact pressure, v is the sliding velocity, K is the thermal

conductivity, Pe; is the Peclet number for flat sample:

Pe; =3, (S2)

where k; is the thermal diffusivity.



Subscripts 1 and 2 refer to the flat sample and the pin, correspondingly.

Identical analytical procedures were employed for the polymer samples. The

approximate solution (for a uniform square source) was determined by:

where / is half contact length along the sliding direction, g, is average heat flux over the

contact area, o, is the heat partitioning factor:
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Table S1. Initial parameters for calculation of flash temperature:

(S3)

(84)

Parameters Cement paste | Alumina Vinyl ester | Steel disc
ceramic polymer

Ki(Wm'K") |70 32 1.07 53

p: (Mpa) 0.4

v(msT) 1 3.34

ki (m? s 1.60x107 1.2x10° 2.30x107 2.28x10

2R (m) 2.4x10

[ (m) 0.005

Friction 0.5 0.5

coefficient

Depending on the normal load and variation of other parameters the resulting “flash”

temperature increase is ranged between 5 and 20.5 °C.




Contact “flash” temperature for the resin with a velocity of 3.5 m/s: 18.2 °C
Contact “flash” temperature for the polymer at a velocity of 3.7 m/s: 19.2 °C
Contact “flash” temperature for the polymer at a velocity of 4.0 m/s: 20.5 °C

Contact temperature for the cement paste at a velocity of 1.0 m/s: 5 °C

2. Mean temperature increase due to frictional heat dissipation.
For immobile parts (Pe=0), mean temperature increase due to the action of the constant
heat source at the contact surface with the density ¢ is found from the following
expression:
ATpnean = PVE, (2)
where P is a coefficient depending on the material physical properties and sliding
velocity.

The values of parameters used for calculation and the calculation results are shown in

Table S2.

Table S2. Parameters used for calculation and the results for mean temperature increase

at the sliding contact.

Parameters Vinyl ester | Mean temperature
polymer increase (°C)
component

v (m/s)

vi|3.5 21
va | 3.7 22
vi | 4.0 24

t(s) 900

p (kg/m?) 1400

C, Jkg'K) 1200

Ki (Wm'kh 1.26




3. Water adsorption on cementitious materials

— CR
o C »
o« />
. ‘l
[} 5
54 [}
= ® L] :
2 MWCNT
€ °
5 o ® 2
¥
° ® )
® A "
® 9 - o ~
o o : g
‘ ‘ z ==
(BN Zad
0 20 40 60 80 100
RH (%)
55 r . 80
70
504
60
=3 454 50
£ =
2 _, [40E
410 F30 <
20
5]
10
0 0
C. C
Sample

Fig. S1 a) Isotherms of water vapour adsorption on cement paste (Cemr) and
cement-matrix composite (Cem) at 25° C; b) adsorption energy and specific surface

area determined from the water vapour adsorption isotherms

The water desorption isotherms of cement paste samples at 25°C show an upward trend
with the addition of the additive, as illustrated in Figure 3.2.1 a). These isotherms
exhibit typical patterns frequently seen in water adsorption on cement pastes and
mortars [2, 3]. These patterns suggest the presence of samples with an open pore
structure that include a broad spectrum of pore sizes. Fig. 3.3.1 b) displays the
activation energy for desorption and the specific surface area that was estimated using
the Brunauer, Emmett, and Teller (BET) method [4]. To ensure accurate BET analysis,

the guidelines proposed by Rouquerol et al. were followed [5], using a relative pressure



range of 0.2 to 0.7. Although the BET model may not be ideal for describing water
desorption from cement mortars [6], we used it in this study for its simplicity and to
facilitate comparisons between different compositions. The results from the BET model
fitting are provided in Table S3. While the CNT addition increased the specific surface
area, it had no impact on the activation energy for water desorption, as determined from
the BET C constant. This suggests a change in pore structure, with more nanopores

likely present in the CNT-containing sample [7].

Table S3. BET model fitting results for H>O adsorption isotherms (mean +standard
errors)

Sample Intercept Slope Vm (1073 liquid H,0 Ceer
(mg/cm?) (g/cm3) cm’/g)

Cemg 36.8515.11 175.76 £15.41 4.7 £0.77 5.76 £t0.94

Cem 18.02 £3.12 52.62 £7.36 14.1+3.1 3.91+0.87

4. Raman spectra
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Fig. S2. Raman spectra of pristine (green line) and worn (black line) surfaces of

polymer composite.



5. Schematic diagram showing various aspects of aerosol emission studies

Mechanical processes:
- machining - aprasion

- drilling - grinding

-finishing - attrition

- sawing -

- blasting Physical Outputs:

- Particle Size Distribution (PSD)

- Particle Number Concentration (PNC)
- Particle Mass Concentration (PMC)
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- Chemical composition
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- epoxy - Environmental release
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Fig. S3. Schematic of aerosol emission studies from carbon nanotube-containing solids
subjected to mechanical action.



6. SEM of the synthesized MWCNTSs
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Fig. S5. A representative plot of concentration time series for sample Cem during
the triboemission experiment. Particle size range centred at D, = 116 nm. The exponen-
tial fit of the experimental data is shown by the red dashed line. Co,116 is the background
concentration of particles with D, 116 nm, Ci16 is the concentration of aerosols with D,
116 nm produced by abrasion, and 7116 is the time constant of the transient concentra-
tion decay.
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Fig. S6. Schematic drawing of the experimental setup. Adopted from [8] under Creative
Common CC BY license.

Fig. S7. Magnified micrograph of Cem worn surface showing fibrous or rod-like structures.
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Fig. S8. Distribution of specific pore volume as a function of pore diameter for Cemg and Cem
samples, determined by mercury intrusion.
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Fig. S9. Raman spectra for i — pristine Cem surface, ii — worn Cem surface, iii — Cem bulk and iv
—neat MWCNTs.
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