Supplemetary Information for paper
Chemical structure analysis of chitosan-modified road bitumen after de-icing salt treatment
Szymon Malinowskia*
*aDepartment of Construction Materials Engineering and Geoengineering, Lublin University of Technology, 20-618 Lublin, Poland 
Table S1. Linear regressions of the relationship between chemical changes in the properties of bitumen and the erosion solution in the form of NaCl
	C [%]
	Y
	X
	Equation
	R2
	Y
	X
	equation
	R2

	7-day erosion process

	5
	IOH
	TOC
	IOH=0.1869[TOC]-0.014
	R2=0.856
	IOH
	ΔpH
	IOH=-0.0812[ΔpH]+0.016
	R2=0.002

	
	IC=O
	TOC
	IC=O=-0.011[TOC]+0.039
	R2=0.049
	IC=O
	ΔpH
	IC=O=-0.4074[ΔpH]+0.076
	R2=0.827

	
	IC-OH
	TOC
	IC-OH=1.3873[TOC]+0.978
	R2=0.032
	IC-OH
	ΔpH
	IC-OH=23.183[ΔpH]+0.885
	R2=0.110

	
	ICH2-OH
	TOC
	ICH2-OH=0.0062[TOC]+0.001
	R2=0.439
	ICH2-OH
	ΔpH
	ICH2-OH=0.0404[ΔpH]+0.0011
	R2=0.223

	
	IC-Cl
	TOC
	IC-Cl=0.0277[TOC]+0.001
	R2=0.719
	IC-Cl
	ΔpH
	IC-Cl=0.1777[ΔpH]+0.003
	R2=0.361

	10
	IOH
	TOC
	IOH=0.0289[TOC]+0.013
	R2=0.013
	IOH
	ΔpH
	IOH=1.0313[ΔpH]+0.048
	R2=0.151

	
	IC=O
	TOC
	IC=O=0.0312[TOC]-0.0026
	R2=0.297
	IC=O
	ΔpH
	IC=O=-0.395[ΔpH]+0.0084
	R2=0.465

	
	IC-OH
	TOC
	IC-OH=3.2197[TOC]+2.0431
	R2=0.022
	IC-OH
	ΔpH
	IC-OH=12.316[ΔpH]+2.475
	R2=0.003

	
	ICH2-OH
	TOC
	ICH2-OH=0.0128[TOC]-0.0006
	R2=0.455
	ICH2-OH
	ΔpH
	ICH2-OH=-0.096[ΔpH]+0.0031
	R2=0.250

	
	IC-Cl
	TOC
	IC-Cl=-0.0153[TOC]+0.0089
	R2=0.371
	IC-Cl
	ΔpH
	IC-Cl=0.0713[ΔpH]+0.0052
	R2=0.079

	15
	IOH
	TOC
	IOH=0.0239[TOC]+0.021
	R2=0.097
	IOH
	ΔpH
	IOH=-0.952[ΔpH]+0.0363
	R2=0.656

	
	IC=O
	TOC
	IC=O=0.0074[TOC]+0.0051
	R2=0.032
	IC=O
	ΔpH
	IC=O=-0.461[ΔpH]+0.0122
	R2=0.519

	
	IC-OH
	TOC
	IC-OH=-1.6269[TOC]+1.5603
	R2=0.055
	IC-OH
	ΔpH
	IC-OH=15.603[ΔpH]+1.142
	R2=0.021

	
	ICH2-OH
	TOC
	ICH2-OH=0.0079[TOC]-0.0001
	R2=0.108
	ICH2-OH
	ΔpH
	ICH2-OH=-0.248[ΔpH]+0.0044
	R2=0.449

	
	IC-Cl
	TOC
	IC-Cl=-0.001[TOC]+0.0037
	R2=0.007
	IC-Cl
	ΔpH
	IC-Cl=-0.0519[ΔpH]+0.0042
	R2=0.075

	28-day erosion process

	5
	IOH
	TOC
	IOH=0.0612[TOC]+0.016
	R2=0.472
	IOH
	ΔpH
	IOH=0.00003[ΔpH]+0.0192
	R2=0.011

	
	IC=O
	TOC
	IC=O=-0.0614[TOC]+0.0086
	R2=515
	IC=O
	ΔpH
	IC=O=-0.000006[ΔpH]+0.006
	R2=0.037

	
	IC-OH
	TOC
	IC-OH=-48.055[TOC]+9.980
	R2=0.834
	IC-OH
	ΔpH
	IC-OH=0.1142[ΔpH]+4.0402
	R2=0.399

	
	ICH2-OH
	TOC
	ICH2-OH=-0.0047[TOC]-0.0025
	R2=0.053
	ICH2-OH
	ΔpH
	ICH2-OH=0.00002[ΔpH]+0.0017
	R2=0.079

	
	IC-Cl
	TOC
	IC-Cl=0.0086[TOC]+0.0051
	R2=0.322
	IC-Cl
	ΔpH
	IC-Cl=-0.00002[ΔpH]+0.0053
	R2=0.084

	10
	IOH
	TOC
	IOH=-0.1796[TOC]+0.037
	R2=0.409
	IOH
	ΔpH
	IOH=-0.0003[ΔpH]+0.028
	R2=0.493

	
	IC=O
	TOC
	IC=O=0.0074[TOC]+0.0068
	R2=0.006
	IC=O
	ΔpH
	IC=O=-0.00008[ΔpH]+0.0085
	R2=0.261

	
	IC-OH
	TOC
	IC-OH=40.852[TOC]+2.5962
	R2=0.040
	IC-OH
	ΔpH
	IC-OH=0.2002[ΔpH]+2.740
	R2=0.414

	
	ICH2-OH
	TOC
	ICH2-OH=0.012[TOC]+0.00001
	R2=0.055
	ICH2-OH
	ΔpH
	ICH2-OH=0.00006[ΔpH]-0.000009
	R2=0.634

	
	IC-Cl
	TOC
	IC-Cl=-0.0166[TOC]+0.0061
	R2=0.116
	IC-Cl
	ΔpH
	IC-Cl=-0.00006[ΔpH]+0.0057
	R2=0.613

	15
	IOH
	TOC
	IOH=0.0257[TOC]+0.0193
	R2=0.1348
	IOH
	ΔpH
	IOH=0.0004[ΔpH]+0.084
	R2=0.630

	
	IC=O
	TOC
	IC=O=-0.0138[TOC]+0.0071
	R2=0.083
	IC=O
	ΔpH
	IC=O=0.0002[ΔpH]-0.0002
	R2=0.261

	
	IC-OH
	TOC
	IC-OH=9.911 [TOC]+3.548
	R2=0.021
	IC-OH
	ΔpH
	IC-OH=0.166[ΔpH]-1.079
	R2=0.120

	
	ICH2-OH
	TOC
	ICH2-OH=0.002[TOC]+0.001
	R2=0.086
	ICH2-OH
	ΔpH
	ICH2-OH=0.00004[ΔpH]-0.0002
	R2=0.737

	
	IC-Cl
	TOC
	IC-Cl=-0.0002[TOC]+0.0052
	R2=0.0002
	IC-Cl
	ΔpH
	IC-Cl=-0.00003[ΔpH]+0.0064
	R2=0.124



Table S2. Linear regressions of the relationship between chemical changes in the properties of bitumen and the erosion solution in the form of MgCl2
	C [%]
	Y
	X
	Equation
	R2
	Y
	X
	equation
	R2

	7-day erosion process

	5
	IOH
	TOC
	IOH=-0.3142[TOC]+0.2053
	R2=0.084
	IOH
	ΔpH
	IOH=-0.0015[ΔpH]+0.092
	R2=0.200

	
	IC=O
	TOC
	IC=O=-0.0157[TOC]+0.0091
	R2=0.319
	IC=O
	ΔpH
	IC=O=-0.00002[ΔpH]+0.0021
	R2=0.034

	
	IC-OH
	TOC
	IC-OH=11.43[TOC]-2.901
	R2=0.097
	IC-OH
	ΔpH
	IC-OH=0.0404[ΔpH]+1.569
	R2=0.126

	
	ICH2-OH
	TOC
	ICH2-OH=-0.0122[TOC]+0.0082
	R2=0.027
	ICH2-OH
	ΔpH
	ICH2-OH=-0.00002[ΔpH]+0.0028
	R2=0.004

	
	IC-Cl
	TOC
	IC-Cl=0.0037[TOC]+0.0032
	R2=0.034
	IC-Cl
	ΔpH
	IC-Cl=0.00003[ΔpH]+0.0043
	R2=0.221

	10
	IOH
	TOC
	IOH=-0.2458[TOC]+0.282
	R2=0.270
	IOH
	ΔpH
	IOH=-0.0111[ΔpH]+0.2209
	R2=0.959

	
	IC=O
	TOC
	IC=O=0.0037[TOC]-0.0015
	R2=0.484
	IC=O
	ΔpH
	IC=O=0.0001[ΔpH]+0.000006
	R2=0.922

	
	IC-OH
	TOC
	IC-OH=7.827[TOC]-3.258
	R2=0.644
	IC-OH
	ΔpH
	IC-OH=0.2047[ΔpH]+0.5551
	R2=0.771

	
	ICH2-OH
	TOC
	ICH2-OH=-0.0028[TOC]+0.0035
	R2=0.375
	ICH2-OH
	ΔpH
	ICH2-OH=0.00002 [ΔpH]+0.001
	R2=0.020

	
	IC-Cl
	TOC
	IC-Cl=-0.0016[TOC]+0.0054
	R2=0.031
	IC-Cl
	ΔpH
	IC-Cl=0.00002[ΔpH]+0.0039
	R2=0.008

	15
	IOH
	TOC
	IOH=-0.3388[TOC]+0.0357
	R2=0.751
	IOH
	ΔpH
	IOH=0.0004[ΔpH]+0.1309
	R2=0.011

	
	IC=O
	TOC
	IC=O=0.0052[TOC]-0.0016
	R2=0.750
	IC=O
	ΔpH
	IC=O=-0.00004[ΔpH]+0.0022
	R2=0.353

	
	IC-OH
	TOC
	IC-OH=9.5713[TOC]-2.636
	R2=0.236
	IC-OH
	ΔpH
	IC-OH=0.0201[ΔpH]+3.354
	R2=0.011

	
	ICH2-OH
	TOC
	ICH2-OH=0.0055[TOC]-0.0017
	R2=0.671
	ICH2-OH
	ΔpH
	ICH2-OH=-0.00005[ΔpH]+0.0025
	R2=0.559

	
	IC-Cl
	TOC
	IC-Cl=-0.0008[TOC]+0.0046
	R2=0.004
	IC-Cl
	ΔpH
	IC-Cl=0.00009[ΔpH]+0.003
	R2=0.484

	28-day erosion process

	5
	IOH
	TOC
	IOH=-0.0952[TOC]+0.0366
	R2=0.512
	IOH
	ΔpH
	IOH=-0.0013[ΔpH]+0.0537
	R2=0.413

	
	IC=O
	TOC
	IC=O=-0.0011[TOC]+0.0051
	R2=0.002
	IC=O
	ΔpH
	IC=O=0.00006[ΔpH]+0.0039
	R2=0.025

	
	IC-OH
	TOC
	IC-OH=-6.2337[TOC]+3.153
	R2=0.337
	IC-OH
	ΔpH
	IC-OH=-0.0215[ΔpH]+2.9528
	R2=0.019

	
	ICH2-OH
	TOC
	ICH2-OH=-0.00009[TOC]-0.0019
	R2=0.000008
	ICH2-OH
	ΔpH
	ICH2-OH=-0.0002[ΔpH]+0.0062
	R2=0.174

	
	IC-Cl
	TOC
	IC-Cl=-0.0014[TOC]+0.0056
	R2=0.080
	IC-Cl
	ΔpH
	IC-Cl=-0.00005[ΔpH]+0.0065
	R2=0.400

	10
	IOH
	TOC
	IOH=-0.0642[TOC]+0.0562
	R2=0.428
	IOH
	ΔpH
	IOH=-0.0023[ΔpH]+0.0645
	R2=0.208

	
	IC=O
	TOC
	IC=O=-0.0097[TOC]+0.0078
	R2=0.336
	IC=O
	ΔpH
	IC=O=0.0004[ΔpH]-0.0016
	R2=0.171

	
	IC-OH
	TOC
	IC-OH=11.363[TOC]+2.3363
	R2=0.555
	IC-OH
	ΔpH
	IC-OH=-0.63[ΔpH]+16.44
	R2=0.630

	
	ICH2-OH
	TOC
	ICH2-OH=-0.0208[TOC]+0.0097
	R2=0.942
	ICH2-OH
	ΔpH
	ICH2-OH=0.0006[ΔpH]-0.0071
	R2=0.2439

	
	IC-Cl
	TOC
	IC-Cl=0.0051[TOC]+0.0035
	R2=0.440
	IC-Cl
	ΔpH
	IC-Cl=0.00005[ΔpH]+0.0048
	R2=0.016

	15
	IOH
	TOC
	IOH=0.0493[TOC]+0.0067
	R2=0.043
	IOH
	ΔpH
	IOH=-0.0012[ΔpH]+0.0448
	R2=0.031

	
	IC=O
	TOC
	IC=O=-0.0315[TOC]+0.0172
	R2=0.442
	IC=O
	ΔpH
	IC=O=0.0002[ΔpH]+0.00006
	R2=0.032

	
	IC-OH
	TOC
	IC-OH=61.216[TOC]-23.525
	R2=0.714
	IC-OH
	ΔpH
	IC-OH=0.0786[ΔpH]+2.3924
	R2=0.002

	
	ICH2-OH
	TOC
	ICH2-OH=0.0038[TOC]-0.0009
	R2=0.291
	ICH2-OH
	ΔpH
	ICH2-OH=-0.00009[ΔpH]+0.002
	R2=0.186

	
	IC-Cl
	TOC
	IC-Cl=-0.0106[TOC]+0.0099
	R2=0.113
	IC-Cl
	ΔpH
	IC-Cl=-0.0003[ΔpH]+0.0017
	R2=0.084



Table S3. Linear regressions of the relationship between chemical changes in the properties of bitumen and the erosion solution in the form of CaCl2
	C [%]
	Y
	X
	Equation
	R2
	Y
	X
	equation
	R2

	7-day erosion process

	5
	IOH
	TOC
	IOH=-0.8558[TOC]+0.1992
	R2=0.806
	IOH
	ΔpH
	IOH=-0.0025[ΔpH]+0.3079
	R2=0.620

	
	IC=O
	TOC
	IC=O=0.0231[TOC]-0.0028
	R2=0.550
	IC=O
	ΔpH
	IC=O=0.0001[ΔpH]-0.009
	R2=0.899

	
	IC-OH
	TOC
	IC-OH=-3.4944[TOC]+0.9019
	R2=0.330
	IC-OH
	ΔpH
	IC-OH=-0.0048[ΔpH]+0.772
	R2=0.056

	
	ICH2-OH
	TOC
	ICH2-OH=0.052[TOC]+0.034
	R2=0.007
	ICH2-OH
	ΔpH
	ICH2-OH=-0.00003[ΔpH]+0.0073
	R2=0.017

	
	IC-Cl
	TOC
	IC-Cl=0.0189[TOC]+0.0012
	R2=0.414
	IC-Cl
	ΔpH
	IC-Cl=0.00008[ΔpH]-0.0041
	R2=0.722

	10
	IOH
	TOC
	IOH=-0.209[TOC]+0.07
	R2=0.023
	IOH
	ΔpH
	IOH=-0.0017[ΔpH]+0.2107
	R2=0.293

	
	IC=O
	TOC
	IC=O=0.0216[TOC]-0.0026
	R2=0.395
	IC=O
	ΔpH
	IC=O=0.00005[ΔpH]-0.0035
	R2=0.395

	
	IC-OH
	TOC
	IC-OH=1.2992[TOC]-0.0378
	R2=0.090
	IC-OH
	ΔpH
	IC-OH=0.0088[ΔpH]-0.7215
	R2=0.790

	
	ICH2-OH
	TOC
	ICH2-OH=-0.0346[TOC]+0.0122
	R2=0.145
	ICH2-OH
	ΔpH
	ICH2-OH=-0.00003 [ΔpH]+0.0084
	R2=0.023

	
	IC-Cl
	TOC
	IC-Cl=0.0018[TOC]+0.0052
	R2=0.049
	IC-Cl
	ΔpH
	IC-Cl=-0.00001[ΔpH]+0.0069
	R2=0.436

	15
	IOH
	TOC
	IOH=-0.6313[TOC]+0.169
	R2=0.307
	IOH
	ΔpH
	IOH=-0.0041[ΔpH]+0.4711
	R2=0.312

	
	IC=O
	TOC
	IC=O=0.0152[TOC]-0.0014
	R2=0.520
	IC=O
	ΔpH
	IC=O=0.00005[ΔpH]-0.0034
	R2=0.123

	
	IC-OH
	TOC
	IC-OH=6.992[TOC]-0.6175
	R2=0.604
	IC-OH
	ΔpH
	IC-OH=0.0479[ΔpH]-4.2052
	R2=0.679

	
	ICH2-OH
	TOC
	ICH2-OH=-0.0022[TOC]+0.0032
	R2=0.001
	ICH2-OH
	ΔpH
	ICH2-OH=-0.00002[ΔpH]+0.0191
	R2=0.087

	
	IC-Cl
	TOC
	IC-Cl=0.0007[TOC]+0.0053
	R2=0.005
	IC-Cl
	ΔpH
	IC-Cl=-0.00002[ΔpH]+0.0077
	R2=0.128

	28-day erosion process

	5
	IOH
	TOC
	IOH=-0.1958[TOC]+0.0437
	R2=0.626
	IOH
	ΔpH
	IOH=-0.0001[ΔpH]+0.0431
	R2=0.024

	
	IC=O
	TOC
	IC=O=0.0237[TOC]+0.0031
	R2=0.101
	IC=O
	ΔpH
	IC=O=0.0001[ΔpH]-0.0069
	R2=0.248

	
	IC-OH
	TOC
	IC-OH=8.4069[TOC]-0.162
	R2=0.532
	IC-OH
	ΔpH
	IC-OH=0.0005[ΔpH]+0.3338
	R2=0.0001

	
	ICH2-OH
	TOC
	ICH2-OH=-0.0138[TOC]+0.002
	R2=0.247
	ICH2-OH
	ΔpH
	ICH2-OH=-0.00004[ΔpH]+0.0053
	R2=0.231

	
	IC-Cl
	TOC
	IC-Cl=0.00003[TOC]+0.0053
	R2=0.00005
	IC-Cl
	ΔpH
	IC-Cl=-0.00002[ΔpH]+0.0073
	R2=0.328

	10
	IOH
	TOC
	IOH=0.0622[TOC]+0.0121
	R2=0.082
	IOH
	ΔpH
	IOH=0.00007[ΔpH]+0.0023
	R2=0.025

	
	IC=O
	TOC
	IC=O=-0.0695[TOC]+0.03
	R2=0.595
	IC=O
	ΔpH
	IC=O==-0.0001[ΔpH]+0.0248
	R2=0.600

	
	IC-OH
	TOC
	IC-OH=3.3878[TOC]-0.9177
	R2=0.831
	IC-OH
	ΔpH
	IC-OH=0.0026[ΔpH]-0.1872
	R2=0.112

	
	ICH2-OH
	TOC
	ICH2-OH=0.1273[TOC]-0.0338
	R2=0.582
	ICH2-OH
	ΔpH
	ICH2-OH=0.0002[ΔpH]-0.0129
	R2=0.210

	
	IC-Cl
	TOC
	IC-Cl=-0.0146[TOC]+0.0094
	R2=0.530
	IC-Cl
	ΔpH
	IC-Cl=-0.00002[ΔpH]+0.0068
	R2=0.141

	15
	IOH
	TOC
	IOH=0.4629[TOC]-0.1669
	R2=0.810
	IOH
	ΔpH
	IOH=0.0008[ΔpH]-0.0578
	R2=0.366

	
	IC=O
	TOC
	IC=O=0.0644[TOC]-0.0235
	R2=0.789
	IC=O
	ΔpH
	IC=O=0.0002[ΔpH]-0.0138
	R2=0.797

	
	IC-OH
	TOC
	IC-OH=12.056[TOC]-4.6036
	R2=0.794
	IC-OH
	ΔpH
	IC-OH=0.0159[ΔpH]-1.3187
	R2=0.222

	
	ICH2-OH
	TOC
	ICH2-OH=0.0549[TOC]-0.0202
	R2=0.862
	ICH2-OH
	ΔpH
	ICH2-OH=0.0009[ΔpH]-0.0091
	R2=0.554

	
	IC-Cl
	TOC
	IC-Cl=-0.0225[TOC]+0.0147
	R2=0.728
	IC-Cl
	ΔpH
	IC-Cl=-0.00004[ΔpH]+0.0095
	R2=0.348




