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(2-4 components + additives)
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owaerblende Addition of graphene powder
Asphalt cement 105 (only Bitumen)
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Continuous Performance Grading Addition of
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MSCR Composite
Asphalt Concrete 110 Diy Method
(Bitumen w/Aggregates) _ Asphalt Factory
Rutting resistance
Fatigue creaking resistance
Thermal creaking resistance
1G- Polymer blends-
+ TCB «  PE/PP/PVB (special grade)
) m 55358 «  PE/PP/EVA (%VA, MFI)
Field Application 130 «  Functionalized TG +  GTR/MAPE
Rutting resistance «  Hybrid Graphene * Reactive Polymers
Fatigue creaking resistance e Wax
Thermal creaking resistance « EPDM
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»  Tackifying resin

* Banbury + twin-roll mixing



WO 2025/137776 PCT/CA2024/051741

2/6
200
\A"
Control — 3 Polymers Blend 202 UM1
Graphene Effect
B
FIG. 2
300
\A"
Powder Processing
Turbostratic Graphene 315 Pristine PG 305
- 3D morphology
- Recycled Carbon Black
- PG Grade

- Functionalized

> Milled PG 325

Functionalized Graphene 320
Oxygen, Carboxyl, Nitrogen, Silane,
Sulfur

y

Hybrid Graphene 330
Graphene with surfactants and/or
organic ligands

A

FIG. 3



WO 2025/137776 PCT/CA2024/051741

3/6
400
A"
PVB/EVA
422
Feeder
A
Turbostratic Feeder Extruder Pelletization PVB/EVAITG
Graphene 418 » Masterbatch
415 420
PE PP PVB/EVA
450 455 460
ot Asphalt Polymer
Feeder Pelletization
. Exz|'2u5der > Modifier
- 405

FIG. 4



WO 2025/137776 PCT/CA2024/051741
4/6
500
(A"
Blend ID Example 1 Example 2 Example 3 Example 4
Control - Control - Powder Powder
neat standard
bitumen polymer
modified
52-34 XJ 52-34 XJ + 52-34XJ+ | 52-34XJ +
2.5% SBS + 2% PG1 2% PG2
0.25%
Crosslink
PG in Bitumen 0% 0% 2% 2%
Ash Content, % 0.03 0.03 0.10 0.23
MTO LS - 227
Rotation Viscosity @ 135C, Pas AASHTO T316 0.22 0.56 0.30 0.26
Storage Stability ASTM D7173, AASHTO T315
Top, G*/sin delta 1.54 3.95 2.71 2.05
Bottom, G*/sin delta 1.57 3.80 2.92 213
Storage Stability, DSR difference 0.03 -0.14 0.206 0.07
Continuous Grading ASTM D7643
Original DSR AASHTO T315
Predicted Failure Temp @ 2.2kPa, degrees C 55.3 65.1 60.3 57.9
DSR-RTFO AASHTO T315
Predicted Failure Temp @ 2.2kPa, degrees C 63.4 65.2 59.7 59.2
BBR AASHTO T313
Low Continuous Grading Temp, degrees C -35.5 -36.3 -35.3 -34.9
Continuous Grade 55.3-35.5 65.1-36.3 59.7-35.3 57.9-34.9
Actual Grade 52-34 64-34 58-34 58-34

FIG. 5
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Example 1 | Example 2 | Example 5 | Example 6 Example 7 | Example 8
Control - | Control - Control - Graphene Control - Graphene
neat standard Polymer | composite— | Polymer | composite -
bitumen polymer | composite | PE/PP/PVB | composite | PE/PP/EVA
modified (PVB) (PVB) (EVA) (EVA)
Blend ID 52-34XJ | 52-34XJ+ | §2-34XJ+ | 52-34XJ+ | PG52-34 | PG 52-34 XJ +
2.5% SBS + 2.5% 2.5% UM1 XJ+2% 2% UM2
0.25% PE+PP+PV PE+PP+E
Crosslink B VA
Ash Content, % 0.03 0.03 0.1 0.05 0.07 0.05
Rotation Viscosity @ 0.22 0.56 0.49 0.46 0.46 0.49
135C, Pa.s
Storage Stability
Top, G*/sin delta 1.54 3.95 7.25 4.36 5.33 3.08
Bottom, G*/sin delta 1.57 3.8 3.83 3.54 2.76 3.31
Storage Stability, 0.03 -0.14 -3.42 -0.82 -2.56 0.23
DSR difference
DSR
Predicted Failure 55.3 65.1 61.6 76.3 61.2 63.3
Temp @ 2.2kPa,
degrees C
DSR-RTFO
Predicted Failure 63.4 65.2 66.2 65.2 63.5 65
Temp @ 2.2kPa,
degrees C
BBR
Low Continuous -35.5 -36.3 -33.8 -35.2 -33.3 -32.7
Grading Temp,
degrees C
Continuous Grade | 55.3-35.5 | 65.1-36.3 61.6-33.8 65.2-35.2 61.2-33.3 63.3-32.7
Actual Grade 52-34 64-34 58-28 64-34 58-28 58-28

FIG. 6
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Wet Mix- 2.5% Dry Mix - 5 % Dry Mix -
3.5%
Example 9 Example 10 | Example 11 | Example 12 | Example 13 | Example 14
Control UM!1 UM2 UM!1 UM2 UmM2
Flexibility 10.1 12.9 14 13.3 10.9 14.7
Index
percent of [ - 271.72% 38.61% 31.68% 7.92% 45.54%
change from
control value
Fracture 560.8 564.8 543.5 586 533 674
Energy, J/m?
percent of [ - 0.71% -3.08% 4.49% -4.96% 20.19%
change from
control value
Passes at 12.5 | 8982 9622 16398 14332 15298 9888
mm rut depth
percent of [ - 7.13% 82.57% 59.56% 70.32% 10.09%
change from
control value

FIG. 7




