ARIZONA DEPARTMENT OF TRANSPORTATION

REPORT NUMBER: FHWA/AZ 87/215

LOW SOLVENT EMULSIFIED
ASPHALT STUDY

FINAL REPORT

Prepared by:

W.R. Meier, Jr.

Phillip D. Feliz

Bernard R. Schuster
Western Technologies Inc.
3737 East Broadway Rd.
Phoenix, AZ 85036

June 1987

Prepared for:
Arizona Department of Transportation
206 South 17th Avenue
Phoenix, Arizona 85007

in cooperation with
U.S. Department of Transportation
Federal Highway Administration



The contents of this report reflect the views of the authors who

are responsible for the facts and the accuracy of the data presented
herein. The contents do not necessarily reflect the official views
or policies of the Arizona Department of Transportation or the
Federal Highways Administration. This report does not constitute a
standard, specification, OT regulation. Trade or manufacturer's
names which may appear herein are cited only because they are
considered essential to the objectives of the report. The U. S.
Government and the State of Aritona do not endorse products Or

manufacturers.




TECHNICAL REPORT DOCUMENTATION PAGE

1. REPORT NO.
FHHA/AZ 87-215

2. GOVERNMENT ACCESSION NO.

3. RECIPIENT'S CATALOG NO.

4. TITLE AND SUBTITLE
Low Solvent Emulsified Asphalt Study

3. REPORT OATE
June 1987

6. PERFORMING ORGANIZATION CODE

7. AUTHOR(S)
W. R. Meier, Jr., Phillip D. Feliz,
Bernard R. Schuster

8. PERFORMING ORGANIZATION REPORT NQ|
21543007

9. PERFORMING ORGANIZATION NAME ANO ADDRESS
Western Technologies Inc.

P. 0. Box 21387
3737 East Broadway Road
Phoenix,. Arizona 85287

(0. WORK UNIT NO.

Ii. CONTRACT OR GRANT NO.
83-40

12. SPONSORING AGENCY NAME AND ADDRESS )
Arizona Department of Transportation

Arizona Transportation Research Center
Arizona State University
Tempe, Arizona 85287

13.TYPE OF REPORT & PERIOD COVERED

Final Report
May 1984 to June 1987

I14. SPONSORING AGENCY CODE

15. SUPPLEMENTARY NOTES

' In cooperation with U. S. Department of Transportation,

Federal Highway Administration

16. ABSTRACT

The objective of this study was to develop a low solvent,

bituminous pavement patching material.

stockpilable,

Foamed asphalt and aromatic oil

with emulsified asphalt were studied as binders with virgin aggregates.
Although low solvent, these were found to have unsatisfactory stockpile

characteristics.

Foamed asphalt and rejuvenating agents were studied

to produce a pavement maintenance material from recycled asphalt pavement.

Neither of these efforts were successful.

Unique Paving Mixture produced

by Sylvax Corporation specifications and currently in use by Arizona
Department of Transportation was examined and found to meet the properties

of a iow solvent pavement patching material.

17. KEY WORDS

low solvent
rejuvenating agent
pavement maintenance
aromatic oil

foamed asphalt

18. DISTRIBUTION STATEMENT

No Restriction

19. SECURITY CLASSIF. (of this report)
Unclassified

20. SECURITY CLASSIF. (of this page)
Unclassified

21. NO. OF PAGES
47

22. PRICE

i




lllﬂ I!!IEI

4

£€z3%

lequig

simeiedwe)
LR Y]

WPINA Jignd
18} Jigad
suojjed
Euend

nud
aedune piniy

sus) Moy

S85unc

e
29)p osenbe
pavd asnbe

S04 smnbe

[T
preh
08y

[ L)
pw

retj o)

SRINSERN PN WEI) TVeISIeAUS]) Sluwixeiddy

12¢ pom sinjusedum)
wout) /6 mee)d

(1oexe) JUNLYNIdNIL

[ S gD
¢ BN Diqnd
”w'e sy
0t sy
(% 4 sseif)
€o'o LL LTI

iNNT10A

(33 (8% 0001) souuol
T swedlo|y

(ixSiom) SSYN

7 (W 000°01) seminey
»e 010Uy 1y Sienbs
T sieiu srenbe
(7Y ] an 10 (Ued smnbe

viuy

0 s ouniy
't I
e e
(X} BreIBuH VD
0o LR T

Ay Qo np

HLIND)

meny ney weym toqmig

ILR! ‘I'J!L

LS

'
i

|

nches

ﬂlﬂJﬂﬂIﬂ

.

A

|
!

L

i

|

ulm
'|'I'|'I'|'I'|

Ll

Hﬂllll!

'l'|'l'|'|'|'l' 'I'|'I'|'I'|'l' ‘I'|'I'|'I'|'I' 'I'|'I'|'l'|'l'

4

B 52
SHILJ

it

|

!Jlll

i

I

:

[

1t
]Ilijlhﬂﬁ
lllllllllrll'

i

1
E8¢c

$HO0LJY4 NOISHIANDD JIMIIN

TORZN LD N RPN OF ‘G2 LS BV id TRemurey dve sHulian go SN

1902 "1 PRI SEN RBS TSRIGL PUIIIND RN U MHHSIRAIRI ) 1D0N D I phg CLANSYREE By L 8 M L,

e s 2

foquig

sninieduen
nsied

80w DIQRD
10} DIQND
s
siehy)
eng

LU M

Ll

musstony
swel

semdey
S207000)|Y Sienbs
tmiou srenbe
s10imu sienhs
BIIowlIved BIenby

ns010m04 1y
20100

nre mut 0D
seiowiiued

[P LS

zc B
) 68 Veyusiyes
(voexs) JuNLVEIIWIL
[ T4 1pseh D1qnd
oo 109) Jignd>
'} 4 suoj(»d
%0 suend
tr'o siwd
o sdnd>
ot ssdune Mnyy
(1Y suoodse|qes
[ suoodess)
INMI0A ,
{91 000Z)
€0 suoy Loy
"o spunod
13 [TEY )
(1ylism) SSVYiN
o senw
»”T 0|} srenive
(Y] Spivh meonhe
s0'0 100) s2enbe
e SOV senbs
viuy
"t sojrw
€0 spi
ot [L L)
L ¥ soydH
H19NIY
Ay Ajinngy mouy moL WOYM

SSINTURIY DN ) SUOIEIRAURY jnuwixesddy

A
[
)

oy
gy
L 1]

sc£3E

reqwig’

or—
o=



1.

2

3.

4

0

.0

.0

TABLE OF CONTENTS

Page
List of Tables-—~--commmmm o vi
List of Fiqures—-————— oo . vii
INTRODUCTION = e e e 1
1.1 Problems Statement --————-—o————_______________ 1
1.2 Review of Literature —-————————_____________ 3
1.3 Study Objectives —--oooee L ___ 5
1.4 Selectlon of Study Sites —---ceemm o _______ 5
CURRENT MAINTENANCE PATCHING MIXTURES ----c-oeeoeeee 7
2.1 Specifications —--emme . 7
2.2 Test ResSultS —-ommmmmmm e _ 7
2.3 Unique Paving Mixture (UPM) —--ceee o ______ 8
STUDY MATERIALS - e o 13
3.1 Aggregates — e~ 13
3.2 Recycled Asphalt Pavement (RAP) Material ------- 14
3.3 Asphaltic Materials - —————— e __ 14
3.4 Modifler Agents ~—-emmmmmm . 16
MAINTENANCE PATCHING MIXTURES STUDIED —-cceeommmeee 17
4.1 Foamed Asphalt —-———emmmm . 17
4.2 Virgin Aggregate Mixtures —-—-——--oooe o _______ 19

4.3 Recycled Asphalt Pavement Material ---—--coe 26

iii



5.0 FIELD PATCHING MIX STUDIES —-——--ommmeomom e 31

5.1 Mixtures Using Virgin Aggregate —-—-e—e—ee o __ 31
5.2 Mixture Using RAP Material ----———— o ______ 33
6.0 SUMMARY-—-—— e 34
6.1 Laboratory Mixtures —---cmmemmmm 34
6.2 Fileld Tests ————— - 35
7.0 CONCLUSTONS = o = e e e 37
8.0 RECOMMENDATIONS--- - mmm oo 39
List of References ——--ommmmm . 40

iv



LIST OF TABLES

Table Page

2.1 Physical Properties of Chino Valley

Roadway Maintenance Patching Material --————-————_ 9
2.2 Physical Properties of Gila Bend Roadway

Maintenance Patching Material  -——-ccmmeoe—_ 10
2.3 Test Results for Unique Paving Mixture ---————-—- 12
3.1 Physical Properties of RAP Material -—--——————__ 15
3.2 Test Results for CSS-1 Asphalt Emulsion -—-—————- 15
4.1 Test Results for Mixtures Using Chino Valley

Aggregate ——-——me e~ 23
4.2 Test Results for Mixtures Using Gila Bend

Aggregate ---—- e - 23
4.3 Test Results for Mixtures Using Chino Valley

and Gila Bend Aggregates Compacted to 275F ------ 25
4.4 Test Results for RAP Mixtures Compacted at

275F and Tested at 140F —----ommmmmm 27
4.5 Test Results for RAP Mixtures Compacted and

Tested at 275F —--ccmmmm e 28
4.6 Test Results for RAP Mixtures Modified with

Aromatic 011 -------emmme e 28



Figure

4.1

LIST OF FIGURES

Nomograph for Adjusting Asphalt Viscosity

vi




LOW SOLVENT EMULSIFIED ASPHALT STUDY
FINAL REPORT

1.0 INTRODUCTION

Aggregate bound by asphalt has found extensive use as a
pavement material. The asphalt coats and binds the aggregate
to produce a material with stability, cohesion and weathering
properties greatly enhanced from that displayed by the aggre-
gate alone. However, because asphalt is a near solid, visco-
elastic material, it can not be used during mixing and
placement of pavement unless its viscosity is reduced by some
means to allow mixing and placing to be satlisfactorily
performed. Following placement and compaction of a pavement,
it is necessary that the asphalt binder regain its original
visco-elastic property in order to serve as a pavement binder.

The reduction in viscosity of asphalt to allow mixing and
placement of an asphalt-aggregate pavement has generally been
accomplished by heating the asphalt, dissolving the asphalt in
a volatile petroleum solvent of low viscosity (cutbacks) or
suspending asphalt particles in water (emulsions). Following
placement, the pavements gain strength by cooling of the hot
asphalt or by evaporation of the fluidizing medium for
cutbacks and emulsions.

1.1 Problem Statement

Maintenance repair and patching of pavements has commonly
been performed using asphalt-aggregate mixtures.



Maintenance repair generally involves relatively small
quantities of materials and is performed at intermittent
times. This manner of use makes it impractical to use a
product which required placement shortly after mixing,
such as a hot mixed asphalt pavement material, a rapidly
curing cutback or emulsified asphalt.

For many years asphalt pavement patching has been con-
ducted using cutback asphalt as a binder. A cutback with
the proper curing properties would be selected such that
little curing of the material would occur while it
remained in a stockpile. Small quantities of placeable
material could be acquired at any time, while uncured
material could remain in the stockpile for subsequent
use. If proper curing properties were selected, suf-
ficient evaporation of the more highly volatile solvent
within the cutback asphalt would occur to produce suf-
ficient strength within the pavement upon completion of
the repailr operation.

The use of cutback asphalt involves the evaporation of
the solvents from the mixture in order for the mixture to
gain strength. This is not only a waste of non-renewable
energy resources but also causes considerable air pol-
lution during this evaporation process. The use of emul-
sified asphalt involves the evaporation of water rather
than the hydrocarbon solvents common to cutbacks.
However, stockpile stable emulsified asphalts have not
been available. Because of these environmental and
energy conservation concerns, it is desirable to elim-
inate the need for cutback asphalt and/or high solvent
content binders for maintenance stockpiles of roadway



1.2

patching materials. However, satisfactorily performing
alternate materials must be available.

Review of Literature

Pavement maintenance patching mixtures to be stored in
stockplles for extended periods of time must be capable
of placement at ambient temperatures. One of the earli-
est of the cold-mixed, cold-laid pavements was foamed
asphalt binder. Some of the earliest reported work was
by Csanyi (1l). This early work used steam being combined
with hot asphalt cement in a nozzle just prior to being
mixed with wet aggregate. The mixed material was placed
and compacted immediately after mixing.

Lee (2) reported on a process of producing foamed asphalt
by the Mobil foaming process. This process introduced
cold water into hot asphalt cement and discharged the
foamed asphalt into cold, moist aggregate for mixing. No
differences were apparent between mixtures produced by
the cold water and steam processes.

McDonald (3) and Chapman (4) have reported on the use of
foamed asphalt mixtures in Arizona roadway pavements.
Abel (5) and Peterson (6) reported on the use of foamed
asphalt construction in their respective states of
Colorado and North Dakota. Indications of the intended
use of foamed asphalt for maintenance stockpile mixtures
were mentioned by both Abel and Peterson; however,
neither author reported any experience in this appli-
cation of foamed asphalt mixtures.

The Asphalt Institute (7) has recommendations for both
plant-mixed and blade-mixed stockpile patching mixtures.



All of the binders recommended contain an appreciable
percentage of volatile distillates. Mixtures using CMS-2
or CMS-2h emulsified asphalts are recommended, but these
mixtures are recommended for use within a short time
after stockpiling. In addition, CMS-2 and CMS-2h emulsi-
fied asphalts normally contain some volatile distillates.

Kandahl and Mellott (8) published procedures for design-
ing bituminous stockplile patching mixtures. Mixtures
recommended used cutbacks, emulsified cutbacks and other
types of binders containing solvents.

Standards for petroleum products were lssued by the
Arizona Department of Health Services in 1986 (9). These
standards restricted the use of cutback asphalt or emul-
sified asphalt containing petroleum solvents. Although
the standard made an exception for stockpiled material
held longer than 1 month, the intent to prevent the use
of these products was clear. Cutback asphalt was defined
as any paving asphalt liquified with 5 percent or more
distillate as measured by ASTM D402.

Recent interest in pavement recycling has resulted in
considerable work and a great deal of literature regard-
ing rejuvenation of reclaimed asphalt pavements. Although
early efforts were with reheated mixtures, recent devel-
opments provided for cold mixes with emulsified rejuve-
nating agents. Canessa (10) cautioned against the use of
aromatic oils to modify aged asphalts and emphasized the
need to properly design the viscosity of the modified
asphalt. Davidson, et.al. (ll) reported on cold recon-
stituting of reclaimed asphalt pavement. Vallerga (12)

and Canessa (13) have reported further on cold recycling
of asphalt pavements.
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Study Objectives

The overall objective of the project was to provide
materials for roadway maintenance patching that were low
in hydrocarbon emissions and could be stored, while

remaining workable and compactible, for time periods up
to 6 months.

Specific objectives were as follows:

1.3.1 Select two bituminous mixtures that have low
solvent emissions, adequate coatings and work-
ability and compactibility properties to serve as
roadway maintenance patching materials.

1.3.2 Evaluate and test these materials in the lab-
oratory.

1.3.3 Select two localities in Arizona with extreme

climatic conditions and test the patching materials
in those environments.

1.3.4 Prepare recommendations and guidelines for imple-
mentation of the use of low solvent mixtures for
roadway maintenance patching.

Selection of Study sites.

It was desired that the study sites selected to test the

proposed matching materials represent the extremes of the
climatic conditions in Arizona. Early in the performance




period of this contract, meetings were held with person-
nel of the Arizona Transportation Research Center and
Arizona Department of Transportation. The two sites

selected during these meetings were at Chino Valley and
Gila Bend.

Chino Valley is at approximately %200 ft of elevation,
has a temperature range from lows of near 10F in the
winter to highs of approximately 100F in summer and has
16 in. of annual precipitation.

Gila Bend is at approximately 720 ft of elevation, has a
temperature range from lows of near 30F in the winter to
highs of approximately 120F in the summer and has 6 in.
of annual precipitation.

Laboratory work concentrated on mixtures using aggregate
from the two sources utilized for production of main-
tenance patching materials for these maintenance opera-
tion locations.



2.0 CURRENT MAINTENANCE PATCHING MIXTURES

The material used by the Arizona Department of Transportation
for roadway patching varies by the type of roadway being main-

tained, the locality and its environment, and the availability
of materials and equipment.

2.1 Specifications

2.

2

Maintenance patching materials at the two locations
selected as study sites both utilized cold-mixed pro-
cesses at commercial central plants using aggregates
complying with ADOT requirements for mineral aggregate
MA-7 and 1liquid asphalt binder. The Chino Valley mixture
used aggregate from a pit near Prescott Valley and 5.5
percent MC-250 cutback asphalt. The Gila Bend mixture
was manufactured with Aqua Fria River aggregate from west
of Phoenix and was mixed with an SC-800 1liquid asphalt.
The specified content of liquid asphalt to be added was
set at 6.0 percent.

Test Results

Samples of the roadway maintenance patching material from
each of the study sites were taken by ADOT materials

personnel and submitted to Western Technologies Inc. for
analysis.

2.2.1 Chino Valley Material

The Chino Valley material was mixed at a commer-
cial source during March 1984. A sample of the



material was taken from the stockpile at the main-
tenance site during June and transported to the
laboratory in covered 5 gallon pails. Testing of
the as-received material was completed by early

July 1984. Table 2.1 contains the results of tests
performed.

2.2.2 Gila Bend Material

The Gila Bend material was mixed at a commercial
source during december 1983. A sample of the
stockpiled material was taken by ADOT personnel,
placed in covered 5 gal pails and submitted to the
laboratory during the latter part of June 1984,
These results, completed during early July 1984,
are shown in Table 2.2.

2.3 Unique Paving Mixture (UPM)

The Arizona Department of Transportation currently uses
an open-graded, cold-compacted pavement material produced
with a proprietary emulsified asphalt binder. The mater-

1al is currently used for patching of interstate highway
pavements.

2.3.1 Samples of the 1liquid asphalt and the stockpiled
mixture of UPM were obtained from commercial
suppliers. The materials sampled were produced
under the direction of the Sylvax Corporation.

The 1liquid asphalt was tested for volalite material
to 500F by the test procedure given in ASTM D402
(AASHTO T78). The test yielded no distillate.




TABLE 2.1

PHYSICAL PROPERTIES OF CHINO VALLEY ROADWAY
MAINTENANCE PATCHING MATERIAL

Extr

Gradation of
acted Aggregate
(ADOT 201)

Sieve Percent by Weight
Size Passing
3/8 in. 100
1/4 in. 85
No. 4 74
No. 8 60
No. 10 56
No. 16 45
No. 30 30
No. 40 23
No. 50 17
No. 100 10
No. 200 6.2

Physical Tests
of Mixture

Moisture, Percent by Dry Weight
of Mixture, (AASHTC T-110): 0.66

Ligquid Asphalt, Percent by Dry
Weight of Mixture, (ADOT 402):
5.01

Volatile Distillates in 500 g of
Mixture: (AASHTO T-110): 2.9 ml

Marshall Stability ancé Flow, S0
Blows Each Face (AASHTO T-245,
compacted and tested at 77F):
Stability = 690 1b

Flow = 11

Unit Weight = 140.2 pcf (AASHTO
T-166)




TABLE 2.2

PHYSICAL PROPERTIES OF GILA BEND ROADVAY
MAINTENANCE PATCHING MATERIAL

Gradation of
Extracted Aggregate

(ADOT 201)
Sieve Percent by Weight Physical Tests
Size Passing of Mixture
3/8 in. 100 Moisture, Percent by Dry Weight
1/4 in. 90 of Mixture, (AASHTO T-110): 0.36
No. 4 77
No. 8 56 Liquid Asphalt, Percent by Dry
No. 10 53 Weight of Mixture, (ADOT-402):
No. 16 43 5.64
No. 30 26
No. 40 18 Volatile Distillates in 500 g of
No. 50 12 Mixture: (AASHTO T-110): 1.7 ml
No. 100 6
KRo. 200 3.7

Marshall Stability and Flow, 50
Blows Each Face (AASHTO T-245,
compacted and tested at 77F):
Stability = 300 1b

Flow = 10

Unit Veight = 130.0 pcf (AASHTO
T-166)

-10-



2.3.2 A sample of the mixture of asphalt and aggregate

2

2

.3.3

3.4

was tested for volalites using test method ASTM
D1461 (AASHTO T110). The test ylielded 1.6 milli-
liters from 516.7 gms or 0.3 percent volalites.

The mixture was also tested using a 50 blow per
end Marshall procedure and for binder content and
gradation. These results are shown in Table 2.3.

The Marshall test specimens were made and tested
at room temperatures with corrections made as
required for the height of the specimens. The
average bulk specific gravity of the specimens was
110.1 pounds per cubic foot. The Marshall stabil-
ity was 161 1b and the average flow was 14.

The unit weight and stability of the material
appear to be low, however, this is to be expected

of a mixture with the open graded characteristics
indicated by the gradation.

-11-



TABLE 2.3

TEST RESULTS FOR UNIQUE PAVING MIXTURE

Sieve Size

3/8 in,
1/4 in.
No. 4
No. 8
No. 16
No. 40
No. 100
No. 200

Percent Asphalt Extracted:

Percent Passing

100
69
42
16
11

[=-J - N}

3.7

-12-



3.0 STUDY MATERIALS

The materials studied were those commercially available within
the study area. The aggregates used for laboratory experi-
ments were those that have been used for roadway patching at
the study sites selected. Recycled Asphalt Pavement (RAP) was

from the Phoenix area and was similar to that available and a
number of sites within the study area.

3.1 Aggregates

3.1.1 Chino Valley

3

1.

2

Samples of coarse, intermediate and fine aggregates
from the materials source used for production of
Chino Valley maintenance patching material were
submitted to the Western Technologies Inc. lab-
oratory. The aggregate gradations were tested and
it was found necessary to remove the minus No. 16
sleve material from the intermediate aggregate to
obtain an aggregate combination complying to MA-7
specifications. The gradation of a combination of
15 percent coarse, 15 percent modified intermediate
and 70 percent fine aggregates was computed and
found to meet the requirements. Further work

utilizing Chino Valley aggregate used these pro-
portions.

Gila Bend

Samples of MA-3/8 and MA Sand were obtained at
Tanner Companies United Metro Plant No. 2. These
aggregates were produced from the Agua Fria River

-13-




3.2 Recycled Asphalt Pavement Material

3

.3

which was the source for maintenance patching
material currently in use by ADOT's Gila Bend
maintenance forces. A combination of 30 percent
of the MA-3/8 and 70 percent of the MA sand conm-
plied with specification requirements for grad-
ation for MA-7 and was used for all Gila Bend
mixtures studied.

Asphalt pavement that had been milled or removed from
previously paved areas and stockpiled for recycling was
sampled from Tanner Companies United Metro Plant No. 2.
The test results shown in Table 3.1 were obtained from
material after the removal of material larger than 3/8
in. This material was used for all RAP mixtures.

Asphaltic Materials

3.3.1 Asphalt Cement

Asphalt cement meeting the requirements for vis-
cosity graded AC-5 was used for the foamed asphalt
mixtures studied.

3.3.2 Emulsified Asphalt

Emulsified Asphalt, Grade CSS-1, was used for
coating aggregates for mixtures other than the

foamed asphalt and RAP mixtures Test results for
this material are shown in Table 3.2.

~14-



TABLE 3.1
PHYSICAL PROPERTIES OF RAP MATERIAL

Sieve Percentage Weight Passing

Size Bituminous Aqgreqate Extracted Agqgregate
3/8 in. 100 100 100 100
1/4 in. 86 89 88 89
No. 4 75 82 79 81
No. 8 54 67 62 65
No. 10 48 63 58 61
No. 16 31 53 48 53
No. 30 14 39 35 39
No. 40 9 29 28 30
No. 50 6 23 22 24
No. 100 3 15 14 14
No. 200 2.1 8.6 8.6 9.5
Asphalt Content, Percent 5.41 5.7 5.44

Absolute Viscosity of Recovered Asphalt, poises: 17,052

TABLE 3.2
TEST RESULTS FOR CSS-1 ASPHALT EMULSION

Percent Residue by Weight: 62.3
Particle Charge: Non Ionic
Saybolt Viscosity, 77F, Sec: 22.9
Penetration on Residue, 77F, 0.1 nm: 90

~15-



3.4 Modifier Agents

3.4.1 Akzo-Chemie Emulsified Process 0il

3

.4

.1

A low solvent, cationic, emulsified, aromatic oil
was supplied by Akzo-Chemie America for use as a
modifier for both emulsified asphalt coated aggre-
gates and for RAP mixtures. This material had a
residue of 57.3 percent by weight and had 3.0 per-
cent by volume oil distillate to S00F.

Witco chemicals Rejuvenating Agents

Three rejuvenating agents commercially supplied by
HWitco Chemicals were used in mixtures studied.
These were identified as Reclamite, Cyclogen ME
and CRF. These products had residue contents by
weight of 62.8, 61.4 and 62.1 percent, respec-
tively. None had more than 0.5 percent by volume
of oil distillate to 500F.

-16-



4.0 MAINTENANCE PATCHING MIXTURES STUDIED

A serles of mixtures were produced in the laboratory utilizing
the aggregates for both Chino Valley and Gila Bend study sites
and the RAP material from Tanner Companies United Metro Plant
No. 2. A variety of combinations of the binders and modifying
agents described in Chapter 3 were used in the mixtures.

4.1 Foamed Asphalt Mixtures

Foamed asphalt mixes were produced by use of a laboratory
pugmill-type mixer capable of producing batches of
approximately 20 1bs. The mixer was equipped with a con-
tainer for holding heated asphalt. Air pressure was used
to force the heated asphalt and cold water together 1in a
line that carried the resulting foamed asphalt to the
mixing chamber. The mixer operated very satlsfactorily
and its pugmill mixer was utilized for some other por-
tions of the study for mixtures other than foamed asphalt.

Two foamed asphalt mixtures were prepared using a 3/8 in.
maximum sized decomposed granite prewetted with 5 percert
moisture. A third mixture using reclaimed asphalt pave-
ment and foamed asphalt was prepared and studied. Foamed
asphalt using a grade AC-5 asphalt cement was added in
amounts of 4 and 5 percent by total dry weight of mixture
to the decomposed granite aggregate. Portions of the
mixtures were allowed to cure in the open air and other
portions were compacted at ambient temperature by 50 blows
on each specimen face with a standard Marshall compactor.

-17-



Aggregate coatings of less than 50 percent were achieved

at both asphalt contents. Microscopic examination of the
mixtures indicated asphalt globules up to nearly 1 mm in

diameter to be distributed throughout the mixture.

The compacted specimens retained their integrity following
removal from the compaction mold. One specimen that had
been mixed with 4 percent foamed asphalt was placed into

a pan and submerged in water to approximately one half

its height for several days. Although the specimen
appeared to absorb water as evidenced by the stained con-
dition of the sample, it did not appear to loose a sig-
nificant amount of its integrity and could be easily
handled with little or no loss of material.

Two loose piles of foamed asphalt mixtures using the
decomposed granite aggregate and 4.0 and 5.0 percent AC-5
foamed asphalt were prepared. These piles were allowed
to alr cure in a loose condition at ambient laboratory
temperature. Two similar piles were cured outside in the
open air for approximately 2 months. The curing took
place during June and July of 1984 with air temperatures
near 75F at nighttime and up to 115F during daytime.

Samples of minus 3/8 inch RAP material were mixed with 3
percent foamed asphalt by the same process as used for
the virgin aggregate. The foamed asphalt RAP mixture had
the same exposure as those using virgin aggregate except
that experimentation took place during November and
December, 1984 with lower outside temperatures. Outside
alr temperature ranged from typical highs of 85F and lows
of 35F. These mixtures also exhibited poor asphalt coat-
ings and soon dried to a non-compactible condition when
air dried. Further experimentation with foamed asphalt
mixtures was discountinued following these results.

-18-
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.2

Virgin Aggregate Mixtures

The preliminary studies of low solvent mixes were carried
out using Chino Valley aggregate. After some success
with mixtures that appeared to have desirable character-
istics for stockpiling, similar mixtures were produced
and examined using the Gila Bend aggregate source.

4.2.1 Chino Valley Aggregate

Early mixture testing was done using a mixture of
25 percent Witco Chemicals Reclamite emulsion and
75 percent of a slow setting, cationic emulsified
asphalt. Some success was achieved when 9 percent
by dry aggregate weight of this combined emulsion
binder was added to aggregate with 3 percent
pre-mix water. The resulting mixture was oven
cured for 48 hours at 230F. Following this curing
period, the cooled mixture remained workable and
could be compacted. A small patch 2 to 3 in. in
thickness was constructed in an asphalt pavement.
Although the patch initially appeared satisfactory,
it remained soft and somewhat unstable at the
interior of the patch. The patch continued to
compact and became depressed below the pavement
surface due to traffic. Laboratory tests of a
similar mixture were conducted at 77F by Marshall
conpaction of 50 blows per specimen face. When
tested at 77F, a stability of 1617 1b and a flow
of 20 were achieved. The high flow was consistent
with the excessive deformation observed in the
roadway patch and indicated excessive asphalt or
an uncured condition.
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A number of mixtures were prepared using other
amounts of slow-setting, cationic, emulsified
asphalt along with the Akzo-Chemie America emul-
sion of aromatic oil. Mixtures were made using 2
percent pre-mix water, 8 percent CSS-1 emulsified
asphalt and 4 percent of the Akzo-Chemie modifier.
The aromatic oil was added prior to the emulsified
asphalt in one instance and after the emulsified
asphalt in the other. The order of addition with
emulsified asphalt followed by the aromatic oil
produced the best aggregate coating. Small piles
of the mixtures were allowed to air cure in the
laboratory for periods of 25 to 35 days. At the
end of the curing period, the mixtures were agi-
tated in the pugmill mixer for 10 seconds. Mater-
ials compacted by 50-blow Marshall compaction in
the cured state yielded stabilities of 900 and
1026 1b with flows of 13 and 11. When 2 and 3
percent water were mixed with cured materials prior
to compaction, stabilities of 1100 and 1344 1b
were achieved with flows of 13 and 10. 1In all
instances, specimens were oven cured at 120F for
72 hours prior to testing.

An investigation was conducted using the Chino
Valley aggregate, 8.0 percent CSS-1 emulsified
asphalt and various quantities of the aromatic oil
emulsion. The mixed materials were cured in water-
proof plastic bags for 4 days. Following curing,
specimens were compacted by 50 blow Marshall com-
paction and tested for unit weight, Marshall sta-
bility and flow. At the end of the curing period,
the moisture contents of the mixtures were measured
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by oven drying and found to be less than 0.5 per-
cent. Water was added and hand mixed with the
material to bring the moisture content back to the
original proportions just prior to compaction.

The results of tests for both curing conditions
are shown in Table 4.1. The values tabulated are
means of the test results of three specimens.

Observation of the data indicated stability to be
reduced with increased aromatic oil and increased
aging; however, stabilities were well in excess of
that obtained from maintenance mixture currently
being used. Flows were low and indicated that
none of the mixtures would be expected to have
serious deformations during use. Unit weights
were lower after the 3-week cure than at 4 days
and all unit weights, with the exception of the
mixture with 4.0 percent aromatic oil, were below
the unit weight of 140.2 pcf measured for compacted

specimens of the currently used maintenance
mixture.

Tests performed with the mixture cured for 4 days
were intended to simulate stockpile material used
for patching at the time of delivery of newly mixed
material or uncured material uncovered within the
center of a stockpile. The 3-week cure, which
produced material with little or no moisture pre-
sent at the time of use, would simulate material

on the exterior of a stockpile following aging and
loss of moisture.
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Gila Bend Aggregate

Gila Bend aggregate was mixed with 8.0 percent
CSS-1 emulsified asphalt and various quantities of
aromatic oil and then subjected to the same curing
and testing program as discussed for the Chino
Valley aggregate. A summary of the test results
achieved are shown in Table 4.2.

As with the Chino Valley aggregate mixture test
results, the stabilities decreased as the amount
of aromatic oll increased and as aging increased.
All stabilities were well in excess of those
obtained from tests of field use material sub-
mitted. Flows were low, as desired. Unit weights
were lower for the material with increased aging.
The unit weight of specimens compacted from the
currently used maintenance material was between

that obtained for 4-day and 3-week cured materials
from this study.

Chino Valley Aggregate and Gila Bend Aggregate
Mixtures Compacted at 275F

Aggregates from both sources studied were mixed
with 8.0 percent CSS-1 emulsified asphalt and 1.0
percent of the aromatic oil. Proportioning, mixing
and curing were the same as those described in
4.2.1 and 4.2.2 except that, following curing, the
loose mixture was brought to 275F in a drying oven
and was compacted as soon as this elevated temper-
ature was reached. Testing for Marshall stability
and flow was conducted with specimens brought to
140F in a temperature controlled water bath immed-
lately prior to testing.
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TABLE 4.1

TEST RESULTS FGR MIXTURES
USING CHINO VALLEY AGGREGATE

Curing Period 4 Days 3 Weeks
Aromatic 0il, & 0.5 1.5 4.0 0.5 1.5
Unit Weight, pcf 134.8 135.1 141.2 125.0 128.2
Stability, 1b 4014 2241 940 2242 1730
Flow, 0.0l in. 15 14 12 15 13
TABLE 4.2

TEST RESULTS FCR MIXTURES

USING GILA BEND AGGREGATE
Curing Period 4 Days 3 Weeks
Aromatic 0Oil, % 0.5 1.5 4,0 0.5 1.5
Unit Weight, pcf 133.9 132,2 129.9 122.4 120.7
Stability, 1b 3372 2001 758 1686 1023
Flow, 0.01 in. 10 12 15 13 15
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The compaction and testing at these elevated tem-
peratures were performed to obtain information
about the mixtures' performance at elevated tem-
peratures. There was particular concern about
bleeding and mixture instability under these con-
ditions. The potential of the mixture, when com-
pacted under these well established conditions,
could also be examined. Table 4.3 1s a summary of
the test results obtained.

The limited data obtained indicate unit weight and
stability to lncrease and flow to decrease as the
mixtures aged. Although the compacted mixture
specimens took on a deeper black color and a more
compact appearance than the unheated mixtures,
there was no indication of bleeding or instability.
The low flows obtained at 140F tend to confirm
these conclusions.

When compacted at 275F, unit weights differed
slightly from those obtained when compacted at 77F
at the end of 4 days curing. This same comparison
for material cured for 3 weeks indicates a signi-
ficant increase for the unit weights for 275F com-
pacted material and an even more significant
decrease in unit weights for 77F compacted mixture.
The results show that those specimens cured for 3
weeks and compacted at 275F have unit weights 10
percent greater than those similarly cured but
compacted at 77F. Thls condition is of some con-

cern regarding the compactibility of the more fully
cured material.
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TABLE 4.3

TEST RESULTS FOR MIXTURES USING CHINO VALLEY AND
GILA BEND AGGREGATES compacted at 275F

Study Site Aggregate Chino Vvalley Gila Bend
Curing Period 4 Days 3 Weeks 4 Days 3 Vieeks
Aromatic 0Oil, % 0.5 1.5 0.5 1.5
Unit Weight, pcf 134.8 135.1 125.0 128.2
Stability, 1b 4014 2241 2242 1730
Flow, 0.01 in. 15 14 15 13
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Recycled Asphalt Pavement Material

The application of modifiers to recycled asphalt pavement
(RAP) material was studied for production of a cold-mixed,
cold-laid asphalt patching material. Curing periods of 4
days and 3 weeks, the same as studied for the virgin
aggregate mixtures, were used. Three different emulsi-
fied rejuvenating agents supplied by Witco Chemicals and
the aromatic oil emulsion supplied by Akzo-Chemie America
were incorporated into the study. Figure 4.1 is a nomo-
graph used to estimate the amount of rejuvenating agent
necessary to adjust the absolute viscosity of the aged
asphalt to a desired value of approximately 3000 polises.
Various percentages of the modifiers were examined and
compaction of mixtures at 77F and 275F was performed.
Mixtures compacted at 275F were tested for stability and
flow using a 140F water bath to condition the specimens
immediately before testing. The 77F compacted specimens
were tested at 77F. The mean values of test results are
tabulated in Tables 4.4, 4.5 and 4.6.

It is readily apparent from the data in Tables 4.4, 4.5
and 4.6 that appreciably higher unit weights were obtained
with the 275F compaction temperature when compared with
those achieved with a 77F compaction temperation. This
was also true for the virgin aggregate mixtures; however,
it was not to the extent experienced here. Whereas RAP
specimens compacted at 77F had a mean unit weight of 118.4
pcf and ranged from 113.2 to 124.8 pcf, those speclimens
compacted at 275F had a mean unit weight of 140.1 pcf and
a range from 134.9 to 144.0 pcf. The difference between
the mean unit weights for the two compaction temperature
was approximately 15 percent. Since stabilities and flows
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TABLE 4.4

TEST RESULTS FOR RAP MIXTURES COMPACTED
AT 275F AND TESTED AT 140F

Curing Period 4 Days 3 Weeks
Modifier Added Cyc-Me CRF Cyc-ME CRF Reclamite
Modifier Quantity, $ 1.0 1.0 2.5 1.0 1.0 1.0
Unit Weight, pcf 137.1 134.9 136.4 143.2 142.0 144.0
Stability, 1b 3140 1825 1745 4974 4278 4358
Flow, 0.01 in. 15 14 16 12 13 10

(l)Values are the means from two specimens. One specimen

damaged during handling.
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for the two compaction conditions were tested at different
temperatures, the test results could not be directly com-
pared. However, when the test results were compared to
those with similar compaction and testing conditions for
virgin aggregates, it was noted that the stabilities were
nearly equivalent but flows for the RAP materials were
about 50 percent higher.

Rejuvenating agents and the aromatic oil modifiers both
generally indicated increased flows and decreased stabil-
ities with increased quantities of the additives. This
condition would lead to the conclusion that the lower
percentages are preferable if sufficient workability is
achieved to permit satisfactory placement. By use of the
nomograph in Figqure 4.1 values of rejuvenating emulsion
of 0.7 percent Reclamite and 1.3 percent Cyclogen are
reconmended for the 5.5 percent asphalt RAP material
studied. The Reclamite produced lower flows and is pre-
ferred for this reason. The aromatic oil does not have
the rejuvenating properties that are considered desirable
for use with the aged asphalt that is presented in the
RAP material. All quantities of the Witco Chemical
modifiers are in the concentrated form. Dilutions of
these emulsions are often used in practice. In such
cases, the quantities used should be adjusted according

to the dilution to obtain the correct quantities of
concentrate.
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5.0 FIELD PATCHING MIX STUDIES

Two field mixes were prepared for use at the ADOT Gila Bend
maintenance yard. One was virgin material meeting the MA-7
specifications with 8.0 percent CSS-1 emulsified asphalt and

3.0 percent aromatic oil and the other was RAP material with
1.0 percent concentrated Reclamite emulsion.

5.1 Mixtures Using Virgin Aggregate

The virgin material mix for this phase of the work was
from Tanner's pit at Agqua Fria. An aggregate meeting
MA-7 specifications was mixed with an emulsified asphalt
consisting of 73 percent CCS-1 and 27 percent aromatic
oil. This binder was added to the mixture at the rate of
11 percent by dry weight of aggregate. The asphalt was
metered into the plant by timing with a stop watch from a
distributor with a calibrated pump. The asphalt was
supplied by Sahuaro Petroleum & Asphalt Co. This mix
appeared poorly coated and very wet, to the point of some
run off, possibly due to excess moisture present 1n the
aggregate. Molisture tests of the mixture indicated total
water in the mix to be between 7.0 and 12.3 percent. The
emulsified asphalt content was measured at 10.5 and 12.3
percent for two tests performed. The mix was transported
to the Gila Bend ADOT maintenance yard where the material
was placed in a stockpile. When the ADOT staff attempted
to use the material, it was found to be non-uniform,
ranging from inadequate asphalt to bind the mineral
aggregate to lumps of mix up to 1/2 cu ft with very high
asphalt contents. These lumps had hardened to such a

consistency that pre-mixing with a motor grader proved
ineffective.
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Field placement of the emulsion mix proved to be
troublesome due to the variability of the asphalt
content. Several thin patches of less than 3/4
in. thick were placed on Interstate 8 and appeared
to be stable and durable. These have since been
covered by an overlay and are no longer visible.
Thicker patches and filled potholes failed due to
raveling on some and displacement on others. This
is probably due to the variable asphalt content
and poor coating characteristics of the mix.

Laboratory mixes of the emulsified asphalt-aromatic
oil binder had given mixed results for aggregate
coating. 1In some instances, better coating was
obtained by applying the emulsified asphalt prior
to the aromatic oil. 1In other instances, satis-
factory coating was obtained when the two emulsions
were simultaneously added to the aggregate. The
latter method appeared to require drier aggregate
than could be used for the former.

It was not practical to add the two emulsions
separately when producing the field patch material
and the simultaneous addition method was used.
However, the aggregate did have considerable sur-
face moisture which probably contributed to the
non-uniform coating.

The surface moisture is also suspected of mixing
with the emulsions and reducing the binder vis-
cosity. The high volume of fluids and the low
viscosity then caused a runoff condition with the
diluted binder flowing into the lower portion of
the stockpile shortly after production.
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Mixture Using RAP Material

The RAP material to be used for patching material was
cold screened through Tanner's hot plant at 40th Street
south of the Salt River. The material was combined from
the bins in portions that would provide a finished product
meeting MA-7 specifications. One percent concentrated
Reclamite emulsion was added and mixed in the pugmill for
1 min. The mix appeared dry and lacked cohesion after
completion of the mixing cycle. The mix was stored in a
stockpile at the mixing site for several days after which
tests were performed on the mix. Gradation analysis
indicated the material was in substantial compliance with
the required MA-7 specifications, the asphalt content was
7.3 percent and the Marshall density using 75 blows per
end was 120.8 1b per cu ft. This resulted in specimens
with stability of 915 1b and a flow of 14. This would
appear to be in the range expected for this material.
However, in appearance, the material lacked the cohesion
and workability desired for patching material. An Absom
recovery on the asphalt was performed and indicated the
residual asphalt had a viscosity of 30,900 poises. This
indicated additional Reclamite should have been used for
a RAP material with this high a binder viscosity. Efforts
to further condition this material were discontinued.

The condition of the resulting mixture made it apparent
that it would be friutless to transport the mixture to
the job sites and attempt to utilize it. Consideration
was given to remixing the material with more rejuvenating
agent or mixing further RAP material with a higher per-
centage of rejuvenator. However, further work was aban-
doned because the control necessary to satisfactorily
prepare the material could not be economically achieved
for the small quantities of mixture being produced.
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6.0 SUMMARY

This study examined two samples of cold-mix patch material
currently in use in the State of Arizona. These would not
qualify as a low solvent material. Another patching material,
UPM, that is used in Arizona and does qualify as a low solvent
material was also studied. Two further systems, one utilizing
foamed asphalt binder and one utilizing low solvent emulsified
asphalt and aromatic oil, were studied in an effort to develop
low solvent mixtures for pavement patching.

6.1 Laboratory Mixtures

6.1.1 Foamed asphalt mixtures were laboratory mixed
using a pugmill-type mixer with approximately
20 1b capacity. The aggregate used was 3/8 in.
maximum sized decomposed granite, pre-wet to
5 percent moisture. AC-5 asphalt cement was added
in amounts of 4 and 5 percent. Neither of these
mixes appeared over 50 percent coated or retained
workability after a few weeks of outside air

curing. No field mixes were prepared with this
mix.

6.1.2 Low solvent mixtures were prepared using CSS-1
emulsified asphalt, virgin aggregates and aromatic
oils in various combinations. The mixtures, using
1l to 3 percent pre-mixing water and 8 or 9 percent
emulsified asphalt with 3 percent aromatic oils,
appeared to have the characteristics needed to
provide the stockpile life and use features desired

of the mix. A small quantity for field use was
produced.
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Unique paving mixture (UPM) was laboratory tested
and both the mixture and the binder tests indicated
it had the properties of a low solvent mixture.
This is a proprietary product currently in limited

use in Arizona as patching material on interstate
highways.

Recycled asphalt was crushed and scalped over a
3/8 in. screen and mixed with varying amounts of
recycling agents in the laboratory. Laboratory
tests indicated several of these mixtures to have
properties suitable for a low solvent maintenance
patching material. A small quantity of material
was produced for this purpose but was never deliv-
ered to the job site or placed at any locations.

6.2 Field Tests

6

.2.1

The low solvent mixture using virgin aggregate and
a binder of CSS-1 emulsified asphalt combined with
aromatic oil was unsuccessfully produced for field
patching. The non-uniformity in asphalt content
was concluded to have been caused by aggregate
with a high surface moisture. This resulted in a
reduced viscosity and an increased quantity of

fluids thereby causing rundown into the stockpile
of material.

Material delivered to a stockpile at the ADOT
maintenance facility at Gila Bend was found to be
difficult to handle and with a highly variable
asphalt content. Some material placed in the
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patches on Interstate 8 are still in place but
have been covered by an asphalt concrete overlay.
Thicker patches that were placed either ravelled
or were found to be unsatisfactorily unstable.

The production of patching material by use of a
RAP material and a rejuvenating agent may have
been unsuccessful because the asphalt binder was
not reduced to a low enough viscosity for handling
purposes. This may have been caused by an apparent
substantial dlfference in the aged viscosity of
the RAP material laboratory tested and the RAP
used for the field mixture. This points out the
need for close monitoring and control of material
when utilizing RAP and is of particular concern
when using stockpiled material taken from a number
of sources of varying properties.

The RAP and rejuvenating agent mixture was not
delivered to the job site or used for patching
because its apparent lack of cohesion indicated it
to be unsatisfactory. Further efforts to produce
a quantity of material for field use were discon-
tinued due to the inability to satisfactorily
control the proportioning and mixing for small
quantittes of material and the expense involved in
producing the mixture.
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7.0 CONCLUSIONS

The overall objective to develop pavement patching mixtures
with low solvent and a 6 month sockpile life was not achieved.
Unique Paving Mixture currently in use by Arizona DOT was found
to meet the requirements for a low solvent mixture. The fact
that it has been successfully used by Arizona DOT maintenance
for a number of years indicates its performance qualifies it

as a satisfactory low solvent patching material.

Two systems of low solvent mixture were studied. Foamed
asphalt was examined with both virgin aggregate and RAP
material and was found to not have the necessary stockpile

life to serve as a maintenance patching material. A binder of
emulsified asphalt and aromatic oil was studied with a virgin
aggregate. A uniform mix with necessary handling and curing
properties for pavement patching was not achieved. An addi-
tional mixture utilizing RAP material and a rejuvenating agent
was studied but with unsuccessful results in producing a satis-
factory maintenance patching material.

Laboratory investigations eliminated foamed asphalt as a
binder worthy of further studies. Laboratory studies of RAP
material with a rejuvenator and virgin aggregate with an emul-

sified asphalt-aromatic oil binder led to field tests of these
mixtures.

A RAP material and rejuvenator mixture was produced to ship to
field sites; however, the material lacked satisfactory cohesion
and was discarded. A quantity of mixture using emulsified
asphalt and aromatic oil binder with virgin aggregate was pro-
duced and transported to a stockpile at Gila Bend. Limited

-37-



success with some of the material as skin pathces was achieved.

Thicker patches were found to remain unstable. No material was
shipped to the Chino Valley job site selected.

Of the materials studied, only UPM was concluded to be a satis-
factorily performing low solvent patching material. The
material was found to meet the requirements of a low solvent
mixtrue. " Studies of ability to be held in a stockpile were

not made; however, successful use by Arizona DOT and other
agencies are an indication of its satisfactory performance.
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8.0 RECOMMENDATIONS

The continued use of UPM as a patching material is recommended
on the basis of its properties as a low solvent material and
one with a satisfactory performance history. The manufac-
turer's recommended procedures should be followed.

The use of cold-recycling of RAP material with an emulsified
rejuvenator may warrant further study. Such experimentation
may be better conducted at local maintenance facilities with
windrow type mixing and handling that would more easily allow
varying the addition of rejuvenator. 1In any instance, a
determination of the viscosity of the aged asphalt in the RAP

material should be performed to set the rejuvenator quantity
to be added.

The further development of low solvent pavement patching
materials is desirable and further research is recommended.
This study, however, did not produce a direction or areas to
research other than further investigation of RAP and rejuve-
nating agents as previously mentioned.
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