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1 Thermogravimetric analysis 

 

In Air: 

SI-Table S1: TGA in air: Evaluation of residues and steps. 

Sample ZnO 
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1st+2nd  
minus 
[ash 
&CB 

&HC](‡ 
(%) 

matrix 3.67 4.75 1.08 0.00 0.00 3.67 4.75 none n.a. 3.67 4.75 9.10 4.35 4.35 
VCB00 2.52 3.53 1.01 0.00 31.45 2.52 3.53 none n.a. 33.97 34.98 30.50 30.50 -4.48 
VCB10 2.52 3.74 1.22 6.29 25.16 8.81 10.03 10.5 0.47 33.97 35.19 30.00 19.50 -5.19 
VCB20 2.52 4.25 1.73 12.58 18.87 15.10 16.83 17 0.17 33.97 35.70 34.00 17.00 -1.70 
VCB30 2.52 4.26 1.74 18.87 12.58 21.39 23.13 24 0.87 33.97 35.71 35.50 11.50 -0.21 
VCB40 2.52 3.65 1.13 25.16 6.29 27.68 28.81 29.5 0.69 33.97 35.10 38.50 9.00 3.40 
VCB50 2.52 3.57 1.05 31.45 0.00 33.97 35.02 35.0 -0.02 33.97 35.02 42.00 7.00 6.98 

*) physical meaning: additional ash 
‡) physical meaning: charred rubber matrix 
 

In Nitrogen: 

SI-Table S2: TGA in N2: Evaluation of residues. 

Sample Residue 
at 900°C 
 

(%) 

residue 
other than 

ZnO(* 
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CB 
content  
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HC 
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(%) 

non-CB & 
non-ZnO 
residue 

 
(%) 

HC 
carbonized 
fraction(‡ 

 
(% of orig.) 

matrix 5.10 2.58 0 0 2.58 n.a. 
VCB00 19.30 16.78 0 31.45 16.78 53.4 
VCB10 20.30 17.78 6.29 25.16 11.49 45.7 
VCB20 24.94 22.42 12.58 18.87 9.84 52.1 
VCB30 28.17 25.65 18.87 12.58 6.78 53.9 
VCB40 31.61 29.09 25.16 6.29 3.93 62.5 
VCB50 34.65 32.13 31.45 0 0.68 n.a. 

*) ZnO content: 2.52% 

‡) under the simplified assumption, that all the carbonized fraction originates exclusively in HC (not from matrix) 
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2 Thermo-oxidative aging tests 

2.1 Mass losses 
 

SI-Table S3: Weight loss of the natural rubber samples during the thermo-oxidative aging test. 

 Relative mass after specific oxidation time, % 
 0 min 30 min 60 min 180 min 360 min 
matrix 100 98.95 98.46 97.91 97.55 
VCB00 100 97.60 97.21 96.71 96.54 
VCB10 100 97.15 98.13 96.60 96.79 
VCB20 100 98.11 97.61 96.56 96.92 
VCB30 100 97.81 98.26 96.96 98.52 
VCB40 100 98.09 98.49 97.67 97.45 
VCB50 100 99.60 99.36 98.23 97.25 
 

 

  



 
 

4 
 

2.2 DMTA analysis after endured thermo-oxidative aging test time 
 

 
SI-Figure S1. 30 min of oxidation:  DMTA analysis: (a) storage modulus G’ = f(T); (b) loss modulus G” = f(T); 

(c) tanδ = f(T). 
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SI-Figure S2.   60 min of oxidation:  DMTA analysis: (a) storage modulus G’ = f(T); (b) loss modulus G” = f(T); 

(c) tanδ = f(T). 
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SI-Figure S3.   360 min of oxidation:  DMTA analysis: (a) storage modulus G’ = f(T); (b) loss modulus G” = f(T); 

(c) tanδ = f(T). 
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3 Florida tests 
 

 

SI-Figure S4.   DMTA results for the samples (a, b) VCB10 and (c, d) VCB50, in the intact state, after 7 days, and 
after 25 days of aging in the Florida test (different line colors); the duration of the Florida tests simulates 2¾ and 
10 months of aging in hot and humid climate, respectively; (a, c) G’ = f(T); (b, d) tanδ = f(T). 
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Trends in tanδ 

 

SI-Figure S5.   Trends in simulated aging (Florida tests) for the samples VCB50 (no hydrochar), VCB40, and 
VCB10: (a) slight shifts of the glass transition temperature Tg in dependence on the aging time; (b) modest 
changes in the height of tanδ peak at Tg, in dependence on the aging time; (c) slight changes in the tanδ value at 
25°C, in dependence on the aging time; note: the aging times of 1 and 3.6 weeks simulate 2¾ and 10 months of 
aging in hot and humid climate. 

 


