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Analysis of genetic characteristics and structure-performance
mechanisms in multi-source asphalt
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Abstract; To reveal the intrinsic structure-property relationships between the inherent " genetic" characteristics of
multi-source base asphalt and its performance, this study selected ten commonly used base asphalts from different
crude oil sources. Through systematic characterization of the macroscopic properties (such as the three major
indicators ), chemical composition ( saturates, aromatics, resins, and asphaltene content), and elemental
composition of the base asphalts, combined with compositional analysis and correlation analysis, it was revealed
that the resin-to-asphaltene ratio (I;,, ) exhibits a very strong correlation with the rotational viscosity at 135 °C,
while the resin-to-aromatics ratio (I, ) only shows a strong negative correlation with the softening point after
aging. Furthermore, combined with gel permeation chromatography test results, it was found that the synergistic
effect between molecular weight distribution characteristics and the four fractions significantly influences the
rheological behavior of asphalt. Among these, the weight-average molecular weight demonstrates a strong negative
correlation with ductility after aging. The polydispersity index exhibits strong or very strong positive or negative
correlations with the penetration index (PI) , softening point after aging, standard viscosity, and rotational viscosity
at 135 °C. This indicates that a broader molecular weight distribution leads to higher temperature susceptibility and
viscosity of asphalt, while reducing its duectility. Through partial least squares regression analysis, the influence of
the four fractions and molecular weight parameters on macroscopic properties was further validated, and structure-
property equations between these " genetic" characteristics and asphalt performance were established. To some
extent, the constructed structure-property relationship model allows for the prediction of corresponding performance
indicators based on genetic characteristic parameters. This study provides a theoretical foundation for the precise
design and performance prediction of asphalt materials in the future.

Keywords: matrix asphalt; "genetic" characteristics; correlation analysis; structure-activity relationship;
performance prediction
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Tab.1 Macroscopic properties of 10 multi-source base asphalts

WY Ak 5 CHERE/ 25 CENARE,  EPAE BER B BE2S5 CEA BMERE, 60 CEir 135 CiEk

Rk C mm (0.1mm) P  fd/C E/mm JB£/(0.1 mm) (pass) %/ (pa-s) i/ (pa-s)
JB 44.9 192.7 87.2 -1.43 48.9 21.7 68.6 144.4 155.6 0.42
QP 53.4 162.8 80.6 -0.47 50.5 104.7 58.4 74.4 158.4 0.44
BL 49.3 128. 1 88.6 -0.63 50.7 67.0 72.4 403. 1 142.9 0.41
LH-A 44.3 115.6 86.7 -1.57 47.4 65.1 65.6 280.0 130.72 0.26
LH-B 43.6 116.1 86.4 -1.35 48.1 63.9 65.3 264.8 116.16 0.22
XH-A  46.3 91.3 71.3 -1.34 50.5 39.3 56.0 254.5 173.92 0.34
XH-B 44.5 132.7 97.9 -1.97 50.6 7.8 64.1 234.7 164.50 0.32
JY 50.5  205.5 78.2 -0.35 52.1 162.6 59.1 589.5 298.0 0. 54
PJ 45.3 110.6 73.2 -1.45 49.0 58.2 61.9 239.3 155.25 0.31
7ZH 43.2 77.7 93.4 -1.21 50.2 5.6 67.2 2431 134.5 0.37
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Fig.1 Raw FTIR spectra of different base asphalt samples
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Fig.2  Sulfoxide functional group indices of different base asphalts
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Fig.3 Comparison of mass fractions of four components in 10
base asphalts
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Tab.2  Compositional indicators of 10 base asphalts

F— DGR O | S zﬂf?\%@r

JEEE Iy a Iyl $6%% CBI
JB 3.04 2.73 2.84 2.89
QP 1.92 2.96 2.57 2.40
BL 2.75 2.25 2.42 2.50
LH-A 4.30 1.49 2.08 2.47
LH-B 4.23 1.25 1.79 2.16
XH-A 3.12 2.15 2.46 2.62
XH-B 3.40 3.42 3.41 3.41
JY 1.61 2.06 1.87 1.79
PJ 2.87 2.17 2.41 2.52
ZH 1.81 2.56 2.30 2.17
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Tab.3 Elemental mass Fractions of 10 base asphalts

HFiT We/% W/ % W/ % W/ % Wo/% Nu/ N (Ny +Ng +Ng) /N,
JB 84.38 10.33 4.11 0.66 0.61 1.469 0.030 4
QP 83.57 10.16 5.06 0.36 0.32 1.458 0.029 3
BL 83.48 10.30 4.20 0.65 0.68 1.480 0.031 7

LH-A 87.08 10.70 0.41 0.71 0.48 1.474 0.0129
LH-B 87.16 10.77 0.35 0.73 0.75 1.483 0.015 1
XH-A 83.87 10.26 4.29 0.63 0.42 1.468 0.029 4
XH-B 84.21 10.31 4.36 0.60 0.40 1.469 0.029 1
Y 84.01 10.30 4.78 0.48 0.46 1.471 0.030 3
PJ 84.40 10.37 3.93 0.67 0.38 1.474 0.027 6
ZH 83.34 10.18 4.77 0.42 0.45 1.465 0.029 8
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Fig. 6 Heteroatom-to-carbon ratio of base asphalts
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Tab.4 Molecular weight and distribution of asphalts

. Ty M, BAaTEM,  BEX¥STREM WHSTERM/ ZX0THEM,/ -
T SMAT S AR %L PDI
(g-mol ") (g-mol ™) (g-mol~") (g-mol™") (g-mol ~")
JB 1941 1136 2248 3570 3813 1.979
QP 1 929 1154 2243 3525 3758 1.944
BL 2286 1171 2373 3758 4004 2.026
LH-A 1 426 921 1757 2735 4224 1.908
LH-B 1 408 915 1595 2300 2419 1.743
XH-A 1892 1096 2169 3374 3590 1.979
XH-B 2 560 1280 2442 3 650 3859 1.908
Y 1 417 657 1459 2 446 2612 2.221
PJ 1390 953 1736 2598 2749 1.822
ZH 1 509 1133 2185 3473 3702 1.923
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Fig.7  Molecular weight and molecular weight distribution
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Tab.5 Average molecular formula of base asphalt

LT T2 4y
IB Cr9.9H117.351.46 No.54 00,43
QP Cs0.4H117.251.82N0.30 00,23
BL Ca1.sHi20.651.54No.54 00,50
LH-A Ces.8 Hog. 5 S0.12No.47 00, 28
LH-B Ces. s Hog. 550, 10No. 48 00. 43
XH-A Ca6.6H112.451.47N0.49 00,29
XH-B Cgo.8H132.051.74No 55 00. 32
JY Cas.0He7.750.08 No. 2300, 19
PJ Cé7.0Hog 551,17 No. 46 00.23
ZH Crg.7H115.351.60No.34 00,32
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Fig.8 Differential distribution curves of base asphalts
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Tab.7 Correlation between base asphalt and aging performance

- 5 CEE 25 CHF %Jr{\fg?‘é A 2lfmE #E25 < ﬁiﬁ% 60 C3hH 135 ClEgk:
NS #op1 AR HEE A B R R
AL 0.54 -0.41 0.85 0.60 0.74 -0.36 0.16 0.50 0.72
5 CHERE 1.00 -0.16 0.45 0.31 0.58 -0.07 0.23 0.63 0.69
25 CHE A 1.00 -0.40 -0.06 -0.58 0.63 -0.13 -0.38 -0.20
A BETER P 1.00 0.57 0.78 -0.16 0.40 0.51 0.75
2R 1.00 0.35 -0.32 0.44 0.71 0.79
A AL 1.00 -0.40 0.56 0.68 0.53
LG 25 CARE 1.00 0.03 -0.48 -0.16
Bl BE 1.00 0.67 0.37
60 C3h 1B 1.00 0.75
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IEJE 5 60 CBIIFEL AL, PRMERREZ S 60 °C 3h

TIBE LR AR
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Tab.8 Correlation between elemental characteristics of asphalt and performance of base asphalt

- Wbt S 25 C4F %ff\rﬁ ZlE BfE B2 <C P— 60 C3hJi ‘135 °C
IN;'s WEPL kA HE B REL TERE

W, -0.46  -0.12 0.04 -0.40 -0.80 0.03 0.12 -0.02 -0.35 -0.71

Wy -0.48  -0.14 0.05 -0.38 -0.77 0.04 0.22 0.10 -0.35 -0.71

Wi 0.49 0.25 -0.09 0.39 0.82 0.03 -0.23 0.01 0.46 0.76

Wy -0.57 -0.20 0 -0.57 -0.65 -0.28 0.35 0.07 -0.37 -0.65

W, -0.29 0.05 0.27 0 -0.33  -0.07 0.67 0.23 -0.30 -0.24

Ny/Ne -0.37  -0.15 0.04 -0.16 -0.39 0.04 0.48 0.46 -0.20 -0.46

(Ny + Ny +Ng) /N, 0.43 0.26  -0.05 0.36 0.80 -0.03 -0.08 0.06 0.42 0.74

AU We Wy W WA B (Ny + Ny + Ng) /N,
A EAL A 135 °C e % 3 B 1 R B ol i
SRAVIEAARSCHE, W, 5205 25 CH AR
SRAHSCHE

R HELRHISERITAESHBEX G
Tab.9  Correlation between elemental characteristics of asphalt

and components of base asphalt

Y AT WER KRR FES RS
W W5 W LB 7 Ae J575 58 A BRI S MXEHC eww w0 R 4 s
FETESR B R 1Y IE ARG HE (R 9) . Wy 5IE R W, Z0.51 —0.71 053 -0.65 0.83
At JBEF R 54y A A7AE 58 B 5 1Y) 1 £ AH 1 Wi ~0.52 -0.70 0.59 -0.72  0.86
Ny/NeSHA G S FEAESRAIAH G, (Ny + Ny + W 0.52  0.76 -0.55  0.64 -0.90
Ng) /N5 BT Ae MR35 S FEAER I TR DG . Wy ~0.32 -0.66 0.95 -0.61  0.49
2.5 ERIEH FEHMESHMERIEXED W, ~0.17 -0.35 0.37 -0.48 0.54
B0 T R S 5L R AN AL S S0 Ny/Ne -0.41 -0.41 0.59 -0.71 0.62
AT, 53R W3R 10 Pis (Ny+No +N)/Ne  0.53  0.71 -0.41  0.57 -0.88
F10 HBESFERESERIEB 4EERNEXYE
Tab. 10 Correlation between molecular weight characteristics of asphalt and performance of base asphalt
meonwen G SN AR S ST sevoww cm o
W TOL53F 0.19 0.11 0.51 -0.14 0.37 -0.36 0.21 -0.21 -0.10 0.15
By oo -0.11 -0.31 0.56 -0.35 0.03 -0.74 0.30 -0.65  -0.57 -0.16
GiCi iy 0.06 -0.15 0.53 -0.17 0.24 -0.61 0.28 -0.49  -0.36 0.10
Kithyr i 0.16  -0.05 0.48 -0.03 0.34 -0.51 0.28 -0.40  -0.24 0.27
Z¥hFa 0.01 -0.14 0.50 -0.19  -0.07 -0.44 0.34 -0.36  -0.36 0.01
S AETEEFEF PDI 0.58 0.5  -0.15 0.62 0.74 0.54 -0.16 0.63 0.83 0.88
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Tab. 11  Correlation between molecular weight characteristics of

asphalt and components of base asphalt

WEEE WER KRB PR s

RS

RETEAL At R A S
VTR T 0.80 -0.15 0.05 0.6 -0.59
5T 0.73 -0.33  0.00 0.82 -0.42
HEE TR 0.76 -0.12 -0.09 0.82 -0.58
Ry oy 0.73 0.04 -0.18 0.81 -0.64
VA s 0.39 -0.24  0.05 0.53 -0.31

A SEEEFERLPDL 0.00 0.77 -0.36 -0.05 -0.52
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Fig.9  Softening point-penetration index (PI) relationship
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Fig. 13 Relationship between asphaltene-to-saturates ratio (At/S)
and softening point after aging
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Fig. 17 Relationship between polydispersity index ( PDI) and
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