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ELEMENT ONE: An electro-mechanical reactor environment (EMRE) which provides
an effective “Phase Space” environment to: 1) unpack the GTRP,
re-set the vulcanization pre-cursor for 2) subsequent sulfidic

bridge realignment, 3) with minimal alteration to the native,
elastomer-filler matrix.
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GTRP SLURRY & EMRE PROCESS

PCT/US2018/057110
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ELEMENT FIVE. Chemotactic sulfidic-bridge-tether-effect (SBTE)

FIG. 5A

E Pendant vulcanizate precursor @ predominant methyl carbocation (originally forms @ ~140°C)
A Completed vulcanization @ allylic carbocation (subsequently forms @ ~160°C)

CARBOCATION STABILITY

# of carbons
attached to }k 54 ®
carbocation N S \e CH;
“tertiary” “secondary” “primary” “methyl”
Most Stable Least Stable

FIG. 5B
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SAN JOAQUIN REFINING CO., INC

CERTIFICATE OF ANALYSIS
LABORATORY REPORT - ASPHALT PRODUCTS
Performance Graded Asphalt Binder per CALTRANS Specification

PRODUCT:  PAVING ASPHALT PG 64-10 PRODUCT: 2185
AASHTO SPECIFICATION GRADE
PROPERTY Test Method PG 64-10 PG 64-10
ORIGINAL BINDER SPEC TEST
Flash Point, Minimum C T-48 230
VOC's, % ASTM D402 <0.5%v 0.0
Solubility, Minimum % T-44 99
Viscosity at 135 C, T-316
Maximum, Pa's 3.0
Dynamic Shear, T-315
Test Temp. at 10 rad/s, C 64 64
Minimum G*/sin(delta), kPa 1.00
Phase Angle, & (*) 89.5
RTFO Test Aged Binder
RTFO Test T-240
Mass Loss, Maximum, % 1.00
Dynamic Shear, T-315
Test Temp. at 10 rad/s, C 64 64
Minimum G*/sin(delta), kPa 2.2
Phase Angle, & (*) 88.6
Ductility at 25 C T-51
Minimum, cm 75 150
PAV Aging, R-28
Temperature, C 100 100
RTFO Test and PAV Aged Binder
Dynamic Shear, T-315
Test Temp. at 10 rad/s, C 31 31
Maximum, G*sin(delta), kPa 5000
Phase Angle, 6 (*) 66.5
Bending Beam, Creep Stiffness, T-313
Test Temperature, C 0 0
Maximum S-value, Mpa Max 300 138
Minimum M-value Min 0.300 0.468
Tank No.: 20004 Carrier: Quantity: (Gal) (Tons)
Batch No: [ 170523] Truck No.: API Gravity @ 60F: | 6.3] Specific Gravity @ 60 F:
Buyer: Loading Temp, F: Shipment Date:

We hereby certify that the above determinations were performed in accordance with AASHTO, ASTM

or other applicable test methods and that the product designated hereon conforms to the Caltrans

specification for the product indicated: PG 64-10
DATE:  5/23/2017 TESTER:

FIG. 13
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AASHTO SJR PTR
Test Method | PG 64-10 Base PG 64-10 Specification
Specific Gravity, 60°F {15.6°C) 1228 1.026 1.022 Report
Rotational Viscosity, 135°C Pa*s 1316 0.244 0.378 3.0 Max.
Flash, COC, °C T48 294 290 230 Min.
Solubility in Trichloroethylene, % T44 99.9 99.2 99.0 Min.
Dynamic Shear Rheometer, °C 1315 64 58 64
G*, kPa 1.38 1.44 0.75
Phase Angle, 3, ° 89.6 74.4 71.0
G*/Sin 6, kPa 1.38 1.50 0.79 1.00-2.00
Pass/Fail Temperature, °C - 61.8
RTFO-Aged 1240
Mass Loss, w% T240 0.196 0.254 1.0 Max.
Dynamic Shear Rheometer, °C 1315 64 58 64
G*, kPa 2.22 2.26 1.02
Phase Angle, 8, ° 89.0 79.3 79.8
G*/Sin 8, kPa 2.22 2.30 1.04 2.20 Min.
Pass/Fail Temperature, °C - 58.5
Ductility, 25°C, cm T51 150+ 150+ 75 Min.
Elastic Recovery, 25°C, % 1301 - 65.0 75.0 Min.
PAV-Aged, °C R28 100 100
Dynamic Shear Rheometer, °C T315 31 22 19
G*, kPa 4492 3974 6994
Phase Angle, 9, ° 65.9 62.8 58.7
G*Sin 8, kPa 4100 3535 5976 5000 Max.
Pass/Fail Temperature, °C - 20.0
Bending Beam Rheometer, °C T313 0 -12 -18
Stiffness, MPa 151 233 505 300 Max.
Pass/Fail Temperature, °C - -13.5
m-value 0.474 0.383 | 0.271 | 0.300 Min.
Pass/Fail Temperature, °C - -16.4
PG Grade - 58-22

FIG. 14A
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AASHTO SJR PTR
Test Method | PG 64-10 Base PG 64-10
Multiple Stress Creep Recovery, °C 1350 64 58 64
Recovery @ 0.1 kPa, % -0.068 84.59 91.29
Recovery @ 3.2 kPa, % -1.274 35.69 19.97
Difference in Recovery, % -1782.9 57.80 78.13
Jnr @ 0.1 kPa, 1/kPa 4.689 0.542 0.577
Jnr @ 3.2 kPa, 1/kPa 4.842 2.478 6.334
Difference in Jnr, % 3.256 357.5 997.9

FIG. 14B
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AASHTO Prism PG 64-10
Test Method Top Bottom
Dynamic Shear Rheometer, °C T315 58 58
G*, kPa 1.50 1.87
Phase Angle, 9, ° 74.3 75.8
G*/Sin 3, kPa 1.56 1.93

FIG. 14C
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