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Motivation: The Testing of Bitumen Emuisions
ARPT, Vol. 9, 1937

Heat emulsion with xylene AASHTO T59 Section 4 -
Water content : el
in sand bath Distillation
Inhomogeneity Pass emulsion through #100 AASHTO T59 Section 12 —
of dispersion sieve (all sieves British) Sieve Test
Storage stability Emulsion sit for 7 days, AASHTO T59 Section 10 —
(short term) passed through #100 sieve Settlement n more
Storage stability Emulsion sit for 3 months, AASHTO T59 Section 10 — recent IBSt:
(long term) passed through #25 sieve Settlement pa"icle size
Coagulation at Emulsion at -4°C, passed AASHTO T59 Section 15 —
low temperature through #25 sieve Freezing

AASHTO T59 Section 8 —

Viscosity Engler viscometer at 20°C I

Rate of break Mechanical agitation in a AASHTO T59 Section 9 -
(liability) | current of air Demulsibility
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* Transportation Research Circular E-C102 -
— Asphalt Emulsion Technology .
B AugUSt 2006 U.ZD_,[DA ' IEI.]1 ﬁ‘; 2I tlt é '1|D 2ID B I1DID ZDID 460 l ‘1DIDD 2IJIDD

Particle Diameter {pm)

* Excerpts:
— Particle size/distribution
— Strongly influence
— Physical properties/performance

* Qualitative statements
— “larger” particle size lowers viscosity
— “broad” or biomodal particle size lowers viscosity
— “smaller” particle size increases performance, stability

(Transportation Research
ther Circular E-C102)
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Steps toward preliminary specifications

(Coulter multisizer)

i .

L2 A
|

* Wave 1
— Cationic slow set, cationic medium set (CSS, CMS)
— Varied of emulsifier dosage, pH, recirculating time , _
— Tested 2 hours, 1 day, 4 days, 7 days Fad _ J i
— Beckman Coulter Multisizer 4, paddle viscosity '

* Wave 2
— CSS, Cationic rapid set (CRS): neat, latex, solid polymer
- Tested 2 day, 5, 7, 14, 21, every 21 days until 180
— Horiba LA 350 AP, paddle viscosity
— CSS: Indirect tensile strength, direct shear test
— CRS: Sweep test

6L AEMA (9 |iber
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Particle size standard: Wave 1

* Eight emulsions — out of recommended ranges
— Proprietary CSS and commodity CMS
- High and low emulsifier dosage (0.15-1.75%)
- No acid, high (5.0), and low (1,0) pH
— Recirculating Herbert Rink mill (15 and 45 seconds)

* Compared to “in range” emulsions
— Proprietary CSS: 1.15% emulsifier, 4.5 pH 30 second mill
— Commodity CMS: 0.30% emulsifier, 2.75 pH 30 second mill

* Tested at

- 2 hours, 1 day, 4 days, 7 days

— Beckman Coulter Multisizer 4

- Paddle viscosity Goal: correlate viscosity to particle size

s, AEMA ) lber
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Question 1: how much data to collect?

1.8 | Number counted
1.6 — High Sample volume (um)
1.4 Medium
L 12 o High:
§ L.0 '11585 345020
= 0.8 ’
& Medium:
04 5,206
0.0
0 3 6 9 12 Low:
_ ) 569
Particle Diameter (um) 18.890

As number count increases
o, AEMA ) iber Graph smooths, shitts to left
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Question 2: how to quantify the data

US Standard Sieve Size#635 #200
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Particle Diameter (microns)
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d,,: particle size, 10% of volume smaller

d.,/median: particle size, 50% of volume
smaller

dgo: particle size, 90% of volume smaller
Mean: arithmetic average particle size
Mode: most common observed size

Standard deviation: measure of closeness
mean

Span: measure of closeness dgg — dyg
—
to median dcg

What did we learn in Wave 1?



Question 3: how does viscosity behave?

4500
4000
3500
%5 3000 L .. .
CP —e— Prop CSS D: emulsifier dosage
B 2000 o —e- - CSS_DH_PH MH . P: pH
2 1500 ’ CSS_DL_PL_MH
” 1000 CSS DL PH ML * M: milltime
Dl .-CSS DH PL ML - .
500 4 e ERR DR * H: high, L: low
0
0 50 100 150 200

Time Since Manufacture (hr)

Viscosity increases as storage time increases

International Bitumen



Question 4: how does particle size hehave?

8
=7
%’6
e e —e— Prop CSS * D: emulsifier dosage
.ié 7, F PR R — 1 SR S > —e- - CSS DH PH MH o P: pH
E 3 CSS DL PL MH . )
r:: 7 CSS DL PH ML * M: milltime
S 1 el DELEl. ML * H: high, L: low
= 0 |

0 50 100 150 200

Time Since Manufacture (hr)

Mean particle size did not change over time (unexpected)
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Correlating viscosity to particle size

12 12
O CSS Passing Viscosity 10 O CMS Passing Viscosity | |
. @ CSS Failing Viscosity ‘} O CMS Failing Viscosity {
8
g I i §
£ 6 6 ][ J[
s
=)
s 4 [N b 4
=
o ﬂﬂ 2
0 0
Mean d,, ds, dy Mean d,, ds dy,
Emulsion Mean Mean
dip (Lm) dso (pum)

Preliminary recommendations->
CSS 2.4 4.4
s AEMA ? lber CMS 3.2 6.9
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Pivot to Wave 2 - bring In the rapid set, aggregate

* Three CRS emulsions
— CRS-2 (high viscosity), CRS-2L (latex polymer), CRS-2P (solid polymer)
e CSS-1, CSS-1h, CMS-2
* Tested at
- Day 2, Day 5, Day 7, Day 14, Day 21

— Every 21 days until 180 days
— Paddle viscosity and particle size (Horiba)

* Performance tests
— ASTM D7000 - sweep test
— ASTM D6931 - indirect tensile strength )
— Direct shear test (based on interlayer shear test) Let’s start with CRS




Particle size distributions for CRS-2

 J3verticallines on each
curve: corresponds to
d10’ d50’ d90

e CRS-2: curves shift down
and right, max 20 pm

e CRS-2L: curves shifted to
right, not lower/wide,

100 max 25 pm

e CRS-2P: curvesvery

similar, max 100 pm

Y E N
N (@) o

Volume (%)

(0 0]

Particle Size (um)
-=--CRS-2Day1 —CRS-2Day?25 -— CRS-2Day 180

L AEMA 9 | ibers Tying to aggregate tests
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Storage time versus viscosity: GRS-2

175
m
o
8 125 =
(b
£ 100 ——
2 s |7 0.1153x - 66.923
© 75 y =0. X - 66.
= Rl R2 = 0.6012
50 Bilia,
]‘ o
. %
0 400 800 1200 1600 2000 2400
Viscosity (cP)
§ AEMA ) lbher
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800 cP viscosity (max spec)
corresponds to 25 days
storage time



Mean particie size vs. storage time

y =-0.0025x + 7.8929
R?=0.0779
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ACRS2 ACRS-2L @CRS2P Perform similar exercise with
sweep test
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Recommended performance and particle size

Emulsion CRS-2 CRS-2L CRS-2P
Median (um) 1.7 3.0 7.7
Mean (um) 1.9 3.0 10.7
Mode (um) 1.6 2.9 9.4
D10 (um) 1.1 1.6 2.1
D50 (um) 1.7 3.0 7.7
D90 (um) 2.8 4.9 24.9
Span 1.0 1.2 2.9

Sweep Test Mass

Retained (%) 70.4 67.3 83.0

Storage Time (Days) 25.3

62.2

67.1

s AEMA ) } lber
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Tied particle size
(maximum values) to
sweep test
(minimum values)

Transition to Wave 2



Wave 2: how does viscosity behave?

150

- @ - CSS-1H

100 F

Lh
=

1 y =0.1696x + 85.099
—&— C55-1 R2=0.4162

Viscosity, Rotational Paddle at 25°C (cP)

y=0.0424x +45.208

R2=10.3056

0 50 100
Storage Time (Days)
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150

200

CSS and CMS emulsions did
not reach 200 cP
(maximum paddie viscosity)

A different approach was
necessary



Indirect Tensile Strength over time

400
- —CSS']-
CSS-1H
FHSDD B
p F
N N—— —
TR o I\ N0 ™ Sy J— L
I e v v ol
- IDTcssy =-0-2575-d + 217.69

100 F

0 50 100

Test Day
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200

250

IDT strength
decreases over time



Direct shear strength over time

q
Load Cell 3
[ Sheal Stl‘engthcss_lH = ﬂ72d+ 13.643
: 30 LR - R2=0.2895
DST Apparatus [ / S Be e
' g 25 NGO NI e
1 CMA Specimen ﬁ 20F N T N
=N S WLy ST st
2 - Shear Sfrengthegy ; = 0.4999-d + 13.225
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F{Applied Load 0 S —
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Not to scale. Test Day

iher Shear strength increases over time
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Particle size: very stable

400 40
® CSS-1 = I ® CSS-1
W CSS-1H & W CSS-1H
= 300 — 30 o
@, @ .{ :ﬁ ® m
5 '.‘ ° W m E 3 ol
= 200 ) . & 20 o
ol H E
~ bt 7o
8 100 —, 10
) i
a 0
0 0 : -
0 2 o4 6 3 0 2 o4 6 3
Median Particle Size (microns) Median Particle Size (microns)

Difficult to discern dependence on particle size
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Particle size recommendations to date

T GRS 2 | CR-2L | CRS-2P | GMS-2 | G551 | CSSH_

dco/median (um) <1.9 <3.0 <10.7 <6.9 <4.4 <6.0
or

Mode (um) <1.6 <2.9 <9.4 <3.6 <6.3

d;o (um) <1.1 <1.6 <2.1 <3.2 <2.4 <3.0

dgg (Hm) <2.8 <4.9 <24.9 <6.0 <10.4

Span <1.0 <1.2 <2.9 <1.6 <1.4

Thank you! Questions? afbrham@uark.edu

s, AEMA ) lbers
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