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1. Optimization of the reaction conditions for the silanization of OS

with different silanes

The optimization of the reaction conditions for the highly and efficient attachment of
silane on the surface of virgin olive good shell stone (OS) by the “grafting to” approach
using silanes with different nature such as (3-aminopropyl)trimethoxysilane (APTMS)
and y-methacryloxypropyltrimethoxysilane (MEMO) was carried out.

The study was started with the optimization of the reaction conditions for the 'grafting to'
approach using 1g of virgin OS and 114M solution of APTMS (Table S1). Initially, the
reaction was performed using the optimal reaction conditions previously reported by the
group,! where toluene was used as solvent and the reaction was heated at reflux during
2h obtaining 22.4 mg/g of Si, that correspond to the 13.7% (0.79 mmol) of the initial
APTMS added to the reaction mixture in the silanization process (entry 1). It should be
noted that native OS was also analyzed by XRF measurements observing the presence of
traces of Si (0.11 mg/g). After that, the evaluation of the use of different solvents heating
at reflux (entries 2-5) was carried out, obtaining the best result with hexane after 2h (entry
5). Furthermore, the use of mixture of different solvent was evaluated without any
improvement on the results (entries 6 and 7). The decrease of the temperature gives to the
reduction of the silane grafted from 33.6 to 16.9 mg/g of Si (entry 8). When the reaction
was carried out at lower or even higher concentrations of APTMS the result previously
obtained could not be improved (entries 9-12). Finally, the time of the reaction was tested
(entries 13-16) obtaining a considerable increase after 24h and 72h reaching values of

40.98 and 42.55 mg/g of Si.
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Table S1. Optimization of the reaction conditions for the silanization using APTMS.?

OH

H,N

Ho PF OH APTMS
OH
Solvent, T (°C)
t(n). 600 rpm (X = H or Me)
Entry [APTMS] (mM) Solvent (mL) TEC) t(h) [Si]> (mg/g)
1 114 PhMe 110 2 22.4 (13.7)
2 114 Acetone 60 2 1.6 (1.0)
3 114 H,O 110 2 17.2 (10.9)
4 114 EtOH 85 2 33 (2.1
5 114 Hexane 75 2 33.6 (21.2)
6 114 PhMe/EtOH (1:1) 110 2 24(1.5)
7 114 PhMe/H,0 (1:1) 110 2 19.0 (12.0)
8 114 Hexane 25 2 16.9 (10.1)
9 28 Hexane 75 2 4.6 (11.8)
10 56 Hexane 75 2 26.2 (33.2)
11 85 Hexane 75 2 32.4 (26.7)
12 171 Hexane 75 2 20.2 (8.4)
13 114 Hexane 75 5 34.1(29.0)
14 114 Hexane 75 16 37.1 (31.3)
15 114 Hexane 75 24 41.0 (34.6)
16 114 Hexane 75 72 42.5(35.2)

@ Reaction carried out using 1g of virgin OS, 5.8 mmol of APTMS in 50 mL of the
corresponding solvent and stirring the reaction at 600 rpm.  Data determined using XRF
analysis. ¢ In brackets the percentage of initially added APTMS incorporated on the OS.
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The optimization of the reaction conditions using y-methacryloxypropyltrimethoxysilane
(MEMO) were also studied. Initially, different solvents and mixtures of them were tested
(entries 1-7) obtaining promising results when the greenest solvent (H,O) were used
(entry 3), fact that positively affect the sustainability of the process. In view of the good
results obtained in aqueous medium, an exhaustive analysis of the pH of the reaction
mixture was also carried out (entries 8-13), being able to increase the degree of
functionalization of the OS more than 4.5 times (from 2.9 mg/g to 13.6 mg/g of Si when
pH was decrease until 1.5 using acetic acid (entry 8). Variation on the temperature of the
reaction (entry 14) or the concentration of silane (entries 15-17) did not positively
influence on the results obtained. Finally, the time of the reaction (entries 18-22) was
increased using the reaction conditions of entry 8, obtaining high efficiency on the
anchoring process with the increase of the time as it was previously observed with

APTMS (Table S1).

Table S2. Optimization of the reaction conditions for the silanization using MEMO.?
O

OH

OH
HO HO OH MEMO
OH
Solvent, T (°C)
t (h), 600 rpm

(X=H or Me)

Entry [MEMO] (mM)  Solvent(mL) T (C) t(h) [Si]*¢ (mg/g)

1 87 PhMe 110 2 0.26 (0.22)
2 87 Acetone 60 2 0.25(0.21)
3 87 H,O (pH 5.8) 110 2 2.93(2.34)
4 87 EtOH 85 2 0.14 (0.12)
5 87 Hexane 75 2 0.34 (0.28)
6 87 PhMe/EtOH (1:1) 110 2 0.18 (0.15)
7 87 PhMe/H,O (1:1) 110 2 0.29 (0.24)
8 87 H,0 (pH 1.5)° 100 2 13.6 (10.72)



9 87 H,0 (pH 2.5) 100 2 2.14(1.77)
10 87 H,0 (pH 3.5)° 100 2 0.15(0.12)
11 87 H,0 (pH 4.5) 100 2 0.20(0.16)
12 87 H,0 (pH 7.0)° 100 2 1.59 (1.31)
13 87 H,0 (pH 8.0)° 100 2 0.59(0.51)
14 87 H,0 (pH 5.8) 25 2 0.21(0.17)
15 21 H,0 (pH 1.5) 100 2 034(1.13)
16 41 H,0 (pH 1.5) 100 2 1.91 (3.25)
17 61 H,0 (pH 1.5 100 2 8.70(9.86)
18 87 H,0 (pH 1.5) 100 5 12.24(10.06)
19 87 H,0 (pH 1.5)° 100 16  16.86 (14.28)
20 87 H,0 (pH 1.5 100 24 36.90 (31.03)
21 87 H,0 (pH 1.5)° 100 48  40.86 (34.27)
22 87 H,0 (pH 1.5)° 100 72 44.08 (37.13)

@ Reaction carried out using lg of virgin OS, 4.2 mmol of MEMO in 50 mL of the
corresponding solvent and stirring the reaction at 600 rpm. ®pH of the reaction adjusted
using acetic acid or sodium acetate aqueous solution. ¢ Data determined using XRF
analysis. ¢ In brackets the percentage of initially added MEMO incorporated on the OS.

With the optimal conditions in hand for MEMO silane, the reaction was tested using a
non-functionalized silane such as octadecyltrimethoxysilane (ODTMS), obtaining 15.3
mg/g of Si anchored on the surface of the initial virgin OS (Scheme S1). This is a
promising result that will help to study deeply the interaction of functional groups at the
end of the chain in silanes anchored in biodegradable matrix with polymers used for the

formation of composites.

OH
OH
HO HQ OH _ ODTMS (87 mM)

oH H,O (pH = 1.5)
100 °C, 2h, 600 rpm

(X =H or Me)

15270 ppm Si

Scheme S1. Silanization of virgin OS with ODTMS.
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2. FESEM measurements

10 ym 10 ym

Figure S1. FESEM-EDX micrographs of OS: a) HDBSD; b) Overall mapping; c¢) carbon;
and d) oxygen.
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Figure S2. FESEM-EDX micrographs of OS@AEAPTMS: a) HDBSD; b) Overall

mapping; c¢) carbon; d) oxygen; e) silicon; and f) nitrogen.
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Figure S3. FESEM-EDX micrographs of OS@MEMO: a) HDBSD; b) Overall mapping;

c) carbon; d) oxygen; and e) silicon.
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Figure S4. FESEM-EDX micrographs of OS@ODTMS: a) HDBSD; b) Overall

mapping; c) carbon; d) oxygen; and e) silicon.
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Figure S5. FESEM (HDBSD) images of a) native OS, b) OS@APTMS; ¢) OS@
AEAPTMS; d) OS@MEMO and ¢) OS@ ODTMS.
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Figure S7. EDX spectrum of OS@APTMS.
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Figure S8. EDX spectrum of OS@AEAPTMS.
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Figure S9. EDX spectrum of OS@MEMO.
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Figure S10. EDX spectrum of OS@ODTMS.
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3. Particle size distribution of deposited

functionalized OS materials.

and

suspended
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Figure S12. Particle size distribution of initial OS.

Concentration: Span : Uniformity: Result units:
0.0553 Vol 1.584 0.866 Volume
Specific Surface Area: Surface Weighted Mean D[3,2): Vol. Weighted Mean D[4,3):
0.136 m#g 44.028 um 126.312 um
dfo.1):  40.596 um d(0.5):  82.350 um dio.g):  171.012 um
Partide Size Dtrbuts
12
10
s 8
g 6
=
g
2
B.o1 0.1 1 10 100 1000 3000
Particle Size (pm)
—23-16609(HA@APTMS) - Average, lunes, 13 de noviembre de 2023 13:03:10

Size (um] | Volume in%|  [Size [um)| Volume In% | [ Size [um)| Volume In%| [ Size (um] Velume in%| [Size um) Volumein®%| [Size [um)] velume in %
vl awl o= awl I eml RN em| [RET el [ o
n.‘;z 0.00 s 0.08 i 0.00 '9'0;5 0.08 i .87 ;5 s 031
o :ss 000 0728 200 3803 08, ;| 016 o :-a‘:rn Lo ao; a;a o=
< 0.00 g 0.06 2 0.00 S 0.25 3 5.68 - 0.42
o I I I B N B O 1l e B
164 ). 4. ] 137 42894
0181 g'gg 0976 :‘:: 5253 g':g 28.287 ?'3; 152,322 :f? 820.233 2'23
cml Sn| | ) G| | sl 5] | me g wem ) wse) 30
0244 g g; 1313 gg: 7.070 g g;‘ 38.073 2:; 205.018 : S: 1103.098 g:i
e I T B B4 O B R 1 1 T
0328 g'gg 1.767 :‘:: 9516 g':? 51.245 ;Z? 275946 :‘: 1485.933 :'i
e I O R D 1 T T [T
0.442 :'gg 2379 ::g 12809 :';; 68.973 :':z 371411 :g: 2000.000 0207,
0.488 n.m 2626 n.nn 14.142 n.na 76.154 7'2‘ 410,077 n.n
0538 2.800 15614 84.081 452768
Figure S13. Particle size distribution of OS@APTMS
Concentration: Span : Uniformity: Result units:
0.1011 %aVol 2328 0.774 Volume
Specific Surface Area: Surface Weighted Mean D[3,2]: Vol. Weighted Mean D[4,3]:
0.035 még 171.199 um 277.906 um
d(0.1): 93.996 um d(0.5): 192.235 um d(0.9): 541.559 um
Particle Size Distribution
10
9
8
Iy
S
) 6
E
_g 5
g 4
3
2!
1
H.Ul 0.1 1 10 100 1000 3000
Particle Size (pm)
[—23-16611(HA-119/120) - Average, lunes, 13 de noviembre de 2023 13:24:44
Size (um)| Volume In %] [Size [pm)| Volume In% | [Size (um) | Volume In %| [Size um)[ Volume in % | [Size (um)| Volume In%| [ Size um)[ Volume In %
I E I I
o122 e 0656 0 3535 oo 19.035 .00 102,499 o 551945 1
' 0.00 2 0.00 0.00 i 0.00 7 451 o 1.28
wel oml | =l oml | ol Sw| | xve| ol | dn| e 0%
071 64 g0 orasn nh 4758 000 257520 oo wavrsso 7Y 742’594 L0
< 0.00 3 0.00 % 0.00 5 0.00 7 6.15 2 093
o N B N1 - N B B B B ] B
0722| 910 171 88 400 6.404 000 317133 990 1357533 i o 7903 o
; 0.00 Soiiye 0.00 3 0.00 & 0.00 § 6.33 078
et N1 B N1 e N O B o B T B
0-2? 480 1-301 B0 a.am Lo ds-n 3 9.8 249-927 258 1345-325 o
nras s 1767 200 9516 o0 5145 012 275 845 i 1485 633 e
07362 o0 1751 o 10.507 200 557530 02 3047573 e 16407625 e
5 0.00 & 0.00 5 0.00 ¥ 072 2 380 ' 030
s al | am| o Sm| | el Sl || G e 35 feve) 0
n-ms 080 2-325 .00 u.uz o0 7s-154 172 410-077 e i
0538 et 2.800 i 15614 e 84.081 = 452.768 i

S17



Figure S14. Particle size distribution of OS@AEAPTMS.
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Figure S15. Particle size distribution of OS@MEMO.
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Figure S16. Particle size distribution of OS@ODTMS.
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Table S3. Particle size distribution obtained with Granulometry assays.

Feldspar 0S OS@APTMS | OS@AEAPTMS | OS@MEMO | OS@ODTMS

d10 (um) 1.463 13.783 40.596 93.996 18.906 40.977

d50 (um) 9.059 57.434 82.350 192.235 69.310 111.122
d90 (um) 25.554 124.692 171.012 541.559 128.617 308.731
DI[3,2] (um) 3.759 18.923 44.028 171.199 22.413 62.081

D[4,3] (um) 11.561 64.734 126312 277.906 68.688 154.790
Surf. Area (m%/g) 1.601 0.317 0.136 0.035 0.268 0.0966
Uniformity 0.838 0.586 0.866 0.774 0.551 0.805
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IR Spectra
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Figure S18. IR (DRIFT) spectra of OS.
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Figure S19. IR (ATR) spectra of OS@APTMS.
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Figure S20. Comparation of IR (ATR) spectra of OS (blue) with OS@APTMS (red).
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Figure S21. IR (DRIFT) spectra of OS@APTMS.
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Figure S22. Comparation IR (DRIFT) spectra of OS (blue) and OS@APTMS (red).
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Figure S23. IR (ATR)
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Figure S24. Comparation IR (ATR) spectra of OS (blue) with OS@AEAPTMS (pink).
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Figure S25. Comparation IR (ATR) spectra of OS (blue) with OS@APTMS (red) and

OS@AEAPTMS (pink).
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Figure S26. IR (DRIFT) spectra of virgin OS@AEAPTMS.
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Figure S27. Comparation IR (DRIFT) spectra of OS (blue), OS@APTMS (red) and

OS@AEAPTMS (green).
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Figure S28. IR (ATR) spectra of OS@MEMO.

S25



S26

T
1000 500

1500

2000

Wavenumber cm-1

2500

3000

3500

— ¥ < = =
N i g 2 W €1y
22'855 0£5
% 285 W.c % 0.5
29909 885
168 g X o
66668
H\H 6201 o 689
22°0801 M 6.
8009k | o 65.
19z0zk - S m 06
| 2 J— Y
Sozest o
“ @ 9911
% 0L€L V) szl
zeLLEL el
i o zisl
=/ —erien
9%rl| 9 e} ——1ovl
—_ 90— B = ——— 5051
beid < — Tl
10°1651 &l
1/! 651 \ow
82291 gzl
%mo.mrt lu
0eLL
1261 o
%%.5@ o — ~
= 18l 8T wn
19020z C © £
— poz| N © @)
———00'seie 3 G 6612
— Ihz Q
% 8912 E o
H 502 2 <
2vovee S K 2082
61€2 5 5 —
1 8% o
9 (o
N 7]
[a
ov'eese
— 7 ces >
— 95988 A —— 5682
srovee| 9 S~~~ — L¥6C
s a2
® —
g
1'892¢ =
B = 682¢
=
= [a~]
8 m ——25¢
5
Q
T T T T T T T w T T T T T
86 96 6 26 06 88 98 S 0oL 06 08 0L 09
[%] @ouenIWISURI ] Wb [9%] @ouepiwsues
© p—(

Figure S30. IR (DRIFT) spectra of OS@MEMO.
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Figure S31. Comparation IR (DRIFT) spectra of OS (blue) and OS@MEMO (dark

blue).
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Figure S32. IR (ATR) spectra of virgin OS@ODTMS.
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Figure S33. Comparation IR (ATR) spectra of OS (blue) and OS@ODTMS (brown).
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5. {-Potential and Electrophoretic mobility
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Figure S36. Calibration line of Conductivity (uS/cm) vs [NaCl] (mol/L).

Table S4. Fraction suspended in water for the determination of the (-potential.

Entry Material % Fraction suspended
1 OS@APTMS 17
2 OS@AEAPTMS 17
3 OS@MEMO 34
4 OS@ODTMS 17
5 OS@APTMS 33
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Table S5. Electrophoretic mobility and C-potential dependence with the pH of OS and
OS@Silanized particles in water. Conductivity fixed at 700 pS/cm.

Sample pH Electroph. mobility (um-cm/Vs)  {-potential (mV)
OS 4 -1.32 £ 0.06 -16.9+0.8
OS 5 -1.56 £ 0.04 -19.9+0.6
OS 6 -1.67 £ 0.05 -21.2+0.7
OS 7 -1.64 +0.05 -21.0+£0.7
OS 8 -1.78 £ 0.05 -22.8+0.6
OS 9 -1.73 £0.03 -22.1+1.0
OS 10 -1.75+0.03 -22.3+0.9
OS@APTMS 4 2.46£0.03 31.3+£ 04
OS@APTMS 5 2.24+0.04 28.3+£0.6
OS@APTMS 6 -0.14 +£0.07 -1.8+0.9
OS@APTMS 7 -0.37+0.04 -47+£0.5
OS@APTMS 8 -0.50 £ 0.01 -6.4+0.2
OS@APTMS 9 -1.14 £ 0.04 -14.5+0.6
OS@APTMS 10 -1.98 £ 0.03 -253+0.3
OS@AEAPTMS 4 2.47+0.02 31.5+£0.2
OS@AEAPTMS 5 2.12+0.02 27.1+£0.2
OS@AEAPTMS 6 1.50 £0.02 19.2+£0.2
OS@AEAPTMS 7 0.60 £0.03 7.6+0.3
OS@AEAPTMS 8 -0.22 +£0.04 -28+04
OS@AEAPTMS 9 -1.26 £ 0.07 -16.1+0.8
OS@AEAPTMS 10 -1.55+0.03 -19.8+0.4
OS@MEMO 4 -0.43 +£0.03 -55+0.3
OS@MEMO 5 -0.91 +£0.02 -11.7+£0.3
OS@MEMO 6 -1.35+£0.07 -17.2+0.9
OS@MEMO 7 -1.33+0.04 -16.9+£0.5
OS@MEMO 8 -2.26 £ 0.07 -28.8+£0.9
OS@MEMO 9 -2.14+0.07 -27.3+£0.9
OS@MEMO 10 -2.68 £0.07 -342+0.9
OS@ODTMS 4 -0.75+0.07 -9.6 +0.8
OS@ODTMS 5 -1.30 £ 0.04 -16.6 £0.6
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OS@ODTMS 6 -1.53+£0.10 -19.5+13
OS@ODTMS 7 -1.26 £0.10 -16.1+£1.3
OS@ODTMS 8 -1.48 £ 0.15 -189+1.9
OS@ODTMS 9 -1.85+0.10 -23.6+ 1.2
OS@ODTMS 10 -2.85+0.18 -364+£23
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6. Particle size distribution of deposited and suspended OS and

OS@Silanized biofillers
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Figure S37. Optical images and particle size distribution (an overall of 250 particles) of
initial virgin OS material in the fraction steadily suspended in water (about a 17% of the

total amount), determined from optical microscopy.
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Figure S38. Optical images and particle size distribution (an overall of 250 particles) of
OS@APTMS material in the fraction steadily suspended in water (about a 17% of the

total amount), determined from optical microscopy.
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Figure S39. Optical images and particle size distribution (an overall of 250 particles) of
OS@AEAPTMS material in the fraction steadily suspended in water (about a 34% of the

total amount), determined from optical microscopy.
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Suspended fraction OS@MEMO
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Figure S40. Optical images and particle size distribution (an overall of 250 particles) of
OS@MEMO material in the fraction steadily suspended in water (about a 17% of the total

amount), determined from optical microscopy.
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Figure S41. Optical images and particle size distribution (an overall of 250 particles) of
OS@ODTMS material in the fraction steadily suspended in water (about a 33% of the

total amount), determined from optical microscopy.
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Figure S42. Optical images and particle size distribution (an overall of 250 particles) in

the deposited fraction of initial virgin OS material (about a 83% of the total amount),

determined from optical microscopy.
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Figure S43. Optical images and particle size distribution (an overall of 250 particles) in
the deposited fraction of OS@APTMS material (about a 83% of the total amount),

determined from optical microscopy.
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Figure S44. Optical images and particle size distribution (an overall of 250 particles) in
the deposited fraction of OS@AEAPTMS material (about a 66% of the total amount),

determined from optical microscopy.
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Figure S45. Optical images and particle size distribution (an overall of 250 particles) in
the deposited fraction of OS@MEMO material (about a 83% of the total amount),

determined from optical microscopy.
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Deposited fraction OS@ODTMS
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Figure S46. Optical images and particle size distribution (an overall of 250 particles) in
the deposited fraction of OS@ODTMS material (about a 67% of the total amount),

determined from optical microscopy.
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7. Mechanical properties
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Figure S47. Optimization of resin/feldspar/OS ratio (% Ww/w) using viscosity

measurements.

resin (50%) + resin (50%)+ resin (50%)+ resin (48%)+ resin (46%)+ resin (456%) +
feldspar (50%) feldspar( 2%) feldspar (40 %) feldspar( 0%) feldspar (40%) feldspar (45%)
+ OS (8%) +0S (10%) +0S(12%) +0OS(14%) + 0OS (10%)
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Table S6. Flexural modulus (MPa), Flexural strength (MPa), Storage modulus (E’) at 25 °C (MPa) and glass transition temperatures (°C) of the

resulting composites.

Sample Flexural modulus Flexural strength  Storage modulus at Tan 6 peak
(MPa) (MPa) 25 °C (MPa) (Tg °C)
Resin (50%) + Feldspar (50%) 4614 £ 53 84 +7 612.6 82.1
Resin (50%) + Feldspar (42%) + OS (8%) 4519 £ 107 58+5 569.7 80.5
Resin (50%) + Feldspar (42%) + OS@APTMS (8%) 5020 + 241 62+3 609.3 86.1
Resin (50%) + Feldspar (42%) + OS@AEAPTMS (8%) 4801 + 77 59+4 645.8 82.9
Resin (50%) + Feldspar (42%) OS@MEMO (8%) 5249 + 166 5610 639.6 84.0
Resin (50%) + Feldspar (42%) + OS@ODTMS (8%) 4341 £53 41+ 1 771.2 84.6
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Table S7. Viscosity values and Barcol hardness determined for different mixtures and cured composites.

Entry Mixture Viscosity (cP)“ Hardness (B)?
1 Resin 470+ 6 22.7+1.8
2 Resin (50%) + Feldspar (50%) 3426 £ 16 552+1.6
3 Resin (50%) + Feldspar (42%) + OS (8%) 3500 + 100 58.6+1.4
4 Resin (50%) + Feldspar (40 %) +OS (10%) 4080 + 140 58.7+1.4
5 Resin (48%) + Feldspar (40%) + OS (12%) 5073 £ 15 573+1.9
6 Resin (46%) + Feldspar (40%) + OS (14%) 6276 + 24 559+1.8
7 Resin (45%) + Feldspar (45%) + OS (10%) 6924 + 12 53.5+24
8 Resin (50%) + Feldspar (42%) + OS@APTMS (8%) 3118 +£28 56.9+2.0
9 Resin (50%) + Feldspar (42%) + OS@AEAPTMS (8%) 3048 + 24 49.0+3.0
10 Resin (50%) + Feldspar (42%) + OS@MEMO (8%) 4707 £ 112 56.3+2.0
11 Resin (50%) + Feldspar (42%) + OS@ODTMS (8%) 3522 +42 36.0+4.0

2250 mL vessel was filled with the mixtures and thermostated at 25 °C for 15 minutes, ensuring that no bubbles remain inside. The

appropriate spindle was selected and immersed to its corresponding mark. The measurement was considered adequate when the

torque was as close as possible to 50% and the measurements were carried out per triplicate.
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8. Colorimetry

Table S8. Surface luminosity, chromaticity, aberrations and color difference of the resulting composites.

Color (L*a*b*) AL* Aa* Ab* AE“®
50.8 0.6
Resin (50%) + Feldspar (50%) 0.67 +0.05
-48+04

39.14+0.2
Resin (50%) + Feldspar (42%) + OS (8%) 3.49 £0.10 117 2.82 17.23 21.0
12.43 +0.43

36.9+2.3
Resin (50%) + Feldspar (42%) + OS@APTMS (8%) 5.00 + 050 139 433 19.1 24.0
143+1.1

344402
Resin (50%) + Feldspar (42%) + OS@AEAPTMS (8%) 6.05+0.13 -16.42 5.38 18.8 25.5
14.0+ 0.6

41.1+0.5
Resin (50%) + Feldspar (42%) + OS@MEMO (8%) 4.41+0.08 9.7 3.74 19.9 22.5
15.1+0.4

44.7+0.1
Resin (50%) + Feldspar (42%) + OS@ODTMS (8%) 5.07+0.08 -6.09 4.4 20.9 222
16.1+0.4

¢ Mean values were calculated using the following formula AE = [(AL*)? + (Aa*)? + (Ab*)?]"2.
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Figure S48. Composite probes of the two controls (pure resin and sodium feldspar) and

those containing OS biofillers.
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Figure S49. SEM micrographs showing the microstructure of the composites containing: a) feldspar; and b) OS.
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Figure S50. SEM micrographs showing the microstructure of the composites containing: a) OS@AEAPTMS; and b) OS@APTMS.
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Figure S51. SEM micrographs showing the microstructure of the composites containing: a) OS@MEMO; and b) OS@ODTMS.
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10. Static contact angle measurements

Table S9. Analysis of roughness, contact angles, surface interaction force components, cohesion energy, free energy, and critical energy of the

resulting composites containing feldspar, native OS and OS@Silanized.

Material R,, pm

Contact angles, °

Interaction components and surface properties, mJ/m?

Ow O 0p VLZV Y : Vs VASB AG,, Vs To Ye
Feldspar 0.9+0.5 11747 95+2 5143 33 3 0.03 0.6 =70 34 -33 33
oS 0.9+0.3 80+2 63+6 52+7 33 0.1 8 2 -45 35 12 33
OS@APTMS 1.0£0.6 11843 99+3 5542 31 3 0.2 1 -63 33 -34 31
OS@AEAPTMS  0.6£0.3 97+2 81+6 4549 37 1 3 4 -54 41 -9 37
OS@MEMO 1.0£0.4 11145 95+6 48+7 35 4 1 4 -52 40 -26 35
OS@ODTMS 2.240.6 10945 109+1 5449 32 10 8 18 -18 51 -24 32

(R,) Roughness; (6w) contact angle between the surface and the polar solvent 1 (water); () contact angle between the surface and polar solvent
Lw
2 (formamide); (0p) contact angle between the surface and the apolar solvent (diiodomethane); (}/ s) the interaction component related to the

+ - B
Lithitz-van der Waals forces; ()/ s ) the electron-accepting component; ()/ s ) the electron-donating component; (YAS ) the acid-base component;

(AG

presented as the average += SD (n = 3).

coh) the free energy variation; (ty) the water adhesion tension; (]/S) the surface free energy; and ()/C) the critical surface energy. Results are

S51



Table S10. Anlaysis of contact angle of the biofillers. Surfaces were prepared by the mild pressing of the corresponding powder to form a flat

pellet suitable for the measurements.

Contact angles, ° Water adsorption time of 5 pL. droplet, s
Material Ow Of 0p
OS 45+5 a a 5
OS@APTMS 105+5 43 +2 11+4 10-15%
OS@AEAPTMS 84+5 66=+5 19+2 3-5¢
OS@MEMO a a a d
OS@ODTMS 107+3 87+5 52+4 ¢

; (Bw) contact angle between the surface and the polar solvent 1 (water); (0f) contact angle between the surface and polar solvent 2 (formamide);

(Bp) contact angle between the surface and the apolar solvent (dilodomethane); Results are presented as the average = SD (n = 3).

2 Could not be determined; ® 10-15 s starts the adsorption, but after 120s the droplet is completely adsorbed; ¢ 10-15 s starts the adsorption, but

after 30s the droplet is completely adsorbed; ¢ The droplet is adsorbed instantaneously; ¢ The droplet is not adsorbed.
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