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EXECUTIVE SUMMARY 

This report contains standardized baseline dat a for a series of 

Hot Recycling Agents and AC-3 asphalt. The hot recycling agents are 

identified by their RA number (RA-6, RA-25, RA-100 and RA-275) where 

the RA number is defined as the average viscosity of the sample at 

140°F divided by 100. The recycling agents and the AC-3 have been 

characterized by solubility measurements to determine maltene, resin, 

and oil contents which have been compared ·to nuclear magn.etic 

resonance (
1

H and 
13 c NMR) and infrared (IR) spectral data. 

The RA numbers have been found to correlate with the resin/oil 

and high affinity/low affinity ratios; C,;..H stretching intensity 
. 

13 
ratios and C-NMR intensity ratios. The data should form a basis for 

the identification of recycling agents. 
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I. Introduction 
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This report contains standardized baseline data for a series of 

Hot Recycling Agents (RA-6, RA-25 , RA-100, and RA-275 ) and AC-3. The 

data describes the chemical groupings as measured by maltene, resin, 

and oil content, as well as by nuclear magnetic resonance (NMR) and 

infrared ( IR) spectral data. 

I�. Solubility Analyses (n-Pentane Separation Procedure) 

The asphaltenes �nd maltenes are separated by pentane solubility. 

A rapid procedure has been developed which parallels the Hubbard

.Stanfield determination of asphaltenes, oils; and resins.1 A l.OO�gm. 
sample of the asphalt is shaken with 100 ml of n-pentane and then let 

stand .for three hours. The mixture is gravity filtered. The insoluble 

material is designated as the as.phaltenes and the soluble portion as 

maltenes. The maltenes are then absorbed on activated alumnia with 

n.,-pentane. to remove the oils .. The aluminia is then washed with solvent 

to remove the absorbed substances. In· this work the aluminia is first 

washed with cs
2 

to remove low affinity resins and then with tetrahydrofuran 

(THF) to remove the high affinity resins. 

Figure 1 presents the data (Table 1) as a function of RA number, 

where the RA number is symbolic of the average viscosity of the sample 

at 140°F. The smoothness of the resin/oil curve implies that this ratio 

. can be used to characterize the hot recycling agents. It would be 

important to obtain the same data for such materials from additional 

vendors to confirm the validity of this relationship. 

The maltene measurement is repeatable with an error of less than 

1%; however, while the oil and· resin contents are reliable and 

repeatable for the RA samples with the asphal t samples an improved 



Table 1 

Solubility Analyses 

% Pentane Soluble Resins* 
Sample (Maltenes) % Oils* % HA % LA 

RA-6 99.9 77 . 1  8.3 ·15.4 

RA-25 97.7 58. 3 14. 5 24.9 

RA-100 98. 6 53. 0 22. 4 27.6 

RA-275 98.9 50,2 24. 7 27.9 

AC-3 78.5 23. 3 43. 8 41.0 

AC-4 84.7 23;5 48. 5 32.8 

�' Oils and resins are reported as a percentage of the maltenes. 

Ratios 
Res. /Oils 

0.31 

0.68 

0.94 

1.05 

--

--

HA/LA 

0. 54 

0. 58 

0.81 

0. 89 

- -

--

I 
N I 
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Figure 1: Solubility Analyses 
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technique will have to be developed or more sophisticated apparatus 

utilized. 1 

III. Infrared Spectra 

.. 

The infrared spectra were recorded as thin films on KBr plates with 

the thickness of.the film adjusted to give a tallest peak of 70% 
transmission to avoid saturation. The spectra for RA-6, RA-25, and 

RA-100 are too similar to obtain unique identification in the C-H 

stretching region (2900 cm-1) and a peak.at 1600 cm-1, This latter peak 

might be assigned to a carbonyl grouping; however, it also could be due 

to unsaturad:.on. 

The infrared spectra (Figures 2-,.6) are almost identical, It would 

have been helpful to obtain an obtious trend.with respect to the relative 

peak heights; however, no such trend is observed when the % transmission 

scale is used to present the data. When .the Absorbance scale is used the 

spectra (Figures 7....:10) appear to have different intensity ratios in the 

C-H stretching ratio. Indeed, wh�n peak heights are used to quantitize 

the data the samples can be differentiated (Table 2). 

The best way to differentiate these samples by infrared spectroscopy 

is to note that the RA numbers correlate well with the difficulty of 

obtaining a suitable film on a KBr disc. The RA-275 is the most difficult. 

IV. Nuclear Magnetic Resbnance Spectra 

Nuclear magnetic resonance (NMR) data can be used to describe the 

chemical environment of the nucleus being examined, 
1 The H spectra have 

essentially the same features for each hot recycling agent as well as for 

AC-3. 
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Table 2 

. Relative Peak Intensities v C-H (Absorbance Scale) 

. Sample 
-1 

2930 
-1 -1 

2960 cm cm 2860 cm 

RA-6 1 1 .• 88 1.14 

RA-25 1 1.94 1.13 

RA-100 1 2.19 1.15 

RA-275 1 2.17 0.60 
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Figure 10: Infrared Spectrum of RA-275 (Absorbance Scale) 
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1 
The H-NMR spectra of the petroleum asphalts are qualitatively similar. 

The region of stronger resonance between 0.5 and 3 ppm corresponds to 

hydrogens attached to saturated carbon atoms and the region of weaker 

resonance between 6 .5 and 8 ppm to hydrogens attached to aromatic ring 

systems. The absence of absorption between these regions rules out the 

preseqce of hydrogens attached to carbons of isolated olefinic bonds.
2 

1 
The H-NMR spectra are shown in Figures 11-15. The centers of absorption 

for different types of protons are o = 7.25, H aromatic protons; 
ar 

o = 2.0 - 3.0 Ha protons (-CH
2

) a . to aromatic rings; o = 1.0 - 2.0, H
S 

l 
protons (-CH

2
-) and (-CH); o 

. I· 
. 2 

methyl protons (Figure 16). 

= 0. 5 - 1. 0, H protons (-CH
3

) and saturated . y 
Figure 17 presents the data obtained from 

1 the H-NMR analyses in ·terms of a, S, y , " and atomatic protons, presented 

in the form of the H /H and H
y

/H
S 

ratios.these quantities can be readily a - y 
determined from the area under the·peak by.the cut and weigh method. 

The "branchiness index" (BI) was· defined by Williams· in 1958 as the 

ratio of the heights of 
1

n-NMR absorption bands due to methyl and 

methylene groups� 
4 

13 The C-NMR spectra (Figures 16 - 20) show a clearly defined pattern 

characteristic'of aliphatic carbon atoms.· There are characteristic 

absorption ranges, -cn
3 

(14.2 ppm), -CH
2

- (23.0 ppm), and :=CH (32.1 ppm); 

however, great overlap between these regions are observed since they are 

2 
a function of the groups attached to the C atom of interest. 

Table 4 relates the relative intensities (and areas) of the major 

absorptions for AC-3 and the recycling agents. It appears possible to 

distinguish the recycle agents by the use of these ratios. 
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Table 3 

1 
Correlations of H-NMR Parameters with Viscosity 

RA Number Ha/Hy BI = Hy/H13 Avg· Viscosity cStokes 

6 0.22 0.34 600 

25 0.47 0.30 2,500 

100 0.55 0.29 10,000 

275 0 .53 0.32 27,500' 
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Figure 18: 
13 

C-NMR of AC-3 



-2 3-

Figure 19: 
13 C-NMR of RA-6 
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C-NMR of AC-25 
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Figure 21: 13C-NMR of RA-100 
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Figure 22: 13c-NMR of RA-275 



Table 4 

13 C-NMR Intensities 

Chemical Shift* 14.3 22.9 '29.9 32.0 

Sample 
I N "' I 

AC-3 15.4 17.4 100 14.0 
( 9. 9) (12.7) (100) (11. 1) 

RA-6 16.1 19.8 100 15.9 
(13. 4} (18; 7) (100) (17. 7) 

RA-25 17.3 19.2 100 17.7 
(11. 3) (10.0) (100) (11. 7) 

RA-100 17.1 17.7 100 . 17.2 
(10.6) (14.4) (100) (18.2) 

RA-275 13.8 19.9 100 16.2 
( 8. 7) ( 8.8) (100) ( 6.5) 

*(ppm downfield from tetramethylsilane) 
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APPENDIX 1 

KANSAS OEPARTHEHT OF TRANSPORTATION 
SPECIAL PROVISION 

TO THE 
STANDARD SPECIFICATIONS 

EDITION OF 1980 
• 

HOTE: Whenever this Special Provision conflicts �ith the Plans or Stand�rd 
• Specif1cat1ons, this Special Provision shall goyern. 

1205 HOT RECYCLING AGENTS 

l'.0 DESCRIPTION: This specification shall cover the materials to be used as 
asphalt restorat1ve agents in the Hot Recycling of reclaimed bituui1nous 
roadway materials. 

2.0 DESIGNATION OF GRADE: The grade of Re eye ling Agent wi 11 pe designated on 
the plans or in the proposal. The Department reserves the right to change 
grades due to a 1 tered qu�nt ity or condition of the asphalt ic component in 
the reclaimed materi31s and/or proportions of reclaimed and ne';ll aggregat�s� 
When a change of grade is de sired by the D�partment, written notice Qf such 
change tti n be ma.de to the Contractor \:/ho shall make the desired change at 
no additional cost to the Department. 

3.0 REQUIREHENTS: Hot Recycling 
refining processes of crude 
modification of aged asphalt. 
and chemical requirements. 

agents sha 11 be the product of speci a 1 hed 
oils, and shall be capable of restorative 
They shall conform to the foll owing ph,y$1Ca1 

Property .. 
Viscosity. 140°F, Est 
flash Point, CCC, F 
Tests on Re0 idue. from 
TFOT �t 325 F: 
Viscosity Ratio (Note l) 
Loss on Heating. % 
Chemical:. 
Haltenes Ratio {Note 2) 
Saturates , wt. % 

Note l Viscosity  Ratio • 

Note 2 Maltcnes Ratio • 

TABLE l 

RA 6 RA 25 RA 10-0 
400-800 1000-4000 5000-15,000 
400 min. 425 min. 450 min. 

3 max. 3 max. 3 max. 
4 max. 3 max. 2 max. 

0.2-1.2 0.2-1.2 0.2-1.2 
30 max. 30 max. 30 max. 

,. 
. 

TFOT Viscosity @ 140°F 0 
urlgina1 Viscosity @ 14D F 
PC + A1 
S + Az 

RA 275. . 
20,0CQ-35.COO· 
450 tliin, 

3 mu. 
2 m� .. 

0.2 .. 1.5' 
30 max. 

Wherl�: PC • Po 1 ar Compounds 
A2 ·• Second Acidiffens 

A1 p First Acid1ffens 
S • Saturl\t�s 



4.0 �THOOS Of TESTS: 

Viscosity, l40°F� est 
Flash Point 
TFOT 
Saturates 
Ma ltenes Rat1 o 
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AASHTO T20l 
AASHTO T48 
AASHTO Tl79 
ASTH D 2006-70 · 

ASTM D 2006-70. 
5.0 PREQUALIFICAT!ON OF HOT RECYCLIHG AGENTS: Manufacturers will be requ1red to 

submit preqvalification samples of Jny hot recyc11n·g ag�nts not pn�viously 
manufactured by.th�� and/or which have not been used by or on a project of 
the Departmt:nt of Transportation for one year. For each hot recyc ling agent 
being prequalified or requalH1e<I, a one-gallon S3mp1e taken froo a prc<iwc
tiotl .. batch shall· be submitted, along with a copy of the manuhcturer1s 
results on the sample, to the Engineer of Tests. 

Any change in fonnulatfon will necessitate requ!liJication. 

6.0. BASIS OF ACCEPTAiiCE: Section 1203 of StD.ndard Specifications 



APPENDIX 2 

1. AC-3 

.. ... 

1 ;:. \,.;. 
:. 

·-· 

4 
c:--· 

6 
7 
I 

.. .. 

1 
2 

4 
5 

9 

11) 

2. RA-6 

,. .. 

1 
2 

4 
5 
,:;. 
( 

1 (I 
11 
12 
1 ::: 
14 

3.  RA-25 

. 13 
· C mm Parameters 

cur=·s:oP 

.�:·��.2 
4005 
4043 
52.:::·� 
5300 
5492 
5727 

CUPS: OR 

4005 
4 04:?. 

5215 

c:t2·�� 

53'(1;:: 

54·311 

3·;:,.�:4 
3 ·;.::. 1 

·41)1)'5 
4024 
4031 
404.:: 
503(1 

52t1? 
s:::oo 

54·3c· 
5�-.2�1 

FPEO 

1 s:::5. 1)49 
1 5.5�:. l SE, 
1 . 521 . 1 4 : . ·-· 

f.45"' ;;::4:3 
601 . (14::: 
45:,.. 7E.:3 
287. 01 ·;. ·-· 

151?. ·::i ?4 
?53. 524 
i:.s::i. 9 1 4  
64;:. !),:::;::: 

5 ::.i. i:;:.,3 0 
456.949 
2E:4. 171 

lE.07. 01'2 

1571�. 21 c: 
1554.965 
1540 • .;:.;:::4 
1s;:s.54E, 
152.3. 052 

757.145 
t:A?. i::.1 ::: 

461.SSU 

F'F'f'1 

'? 1:1 J ._,. ;=:1 9(1 
""'.".'7 I I • 2 �:3 (I 
""'C::-,. -·. 641 1 

.;:c:. 1 1 c ,-! -··=· 

2'::i. :=:::::::;O 
22. t=:t.24 
1 4. 2721 

;:1.·:..7f:5 
2·?. 752•? 
2·3. 4222 
22.7225 
14.1308 

PPM 

?:i. '31111 

� 41114' ' .. � . -· .. 

78. 52'30 

77_..: �32.;:o 
;.:;, . E,12;3 
?E, • .  :., _, 7 .:: 
7.5. 7 .:;t:.1 
�: 7 ... \t.5 02 
.::2. 2 o.;:.=: 

2·:.+. 002'� 
2C�. ·�51 .:i 
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IfHE6RAL I i"H E. N :�: 1 T .... 

-.I ... 
i.:. t:·. 6;::7 2:=:. 444 
:17 "'- r • ::::c.2 _, :1 '--'-' . ;=:04 
2.s. f!9;=: c.: ?'. 1::77 

2. 0?15 l . ��5::-= 
1 i:.J 81 (I 1 l ;=;_,;:5 ._,. . 

2 • . ::: �:: 1 :· 063 .... . 
l . :::62 1 . :::2:�: 

INTEGRAL INlEN�lT� 

::: • 1 14 
:::. 4,;;:f 
7. ;:::·3�5 
.:t. �: .:, =· 
1 • . :. U6 

21. f ��:: 

4. 077 
2.916 

1::i.21'::. 

1 ::i. 34;: 

,;: • (I (I 0 

33. 010 
b. 26:1 
6. '5-�:2 
:, .. :31�· 

INTEGRAL INTENSITr 

1. E.?2 
.3:=;. c.54 

2.264 
44. 6:::2 

2. :, ?3 
2."712 

.;: �·. 42U 

41; -�:::..=: 
;: • t:f :,4 

c:.11,.;: 
·L 24':• 
4 • .  ::2..:: 

.::2. 94;:?, 
�:.112 

21. ;,i4i::, 
2. Ul? 

2. l �t:· 
1 :, . '.=I;:' 1 

_:. u ::, �f 
-

·/
.;_ 

·-· -. • I '-t•_1 



4. RA-100 

5. RA-275 

.. .. 

1 

2· 
:: 
4 
5 
6 -
I 
.;:. 
·-· 

9 

.. ... 

1 
2 

4 

-( 
;i -· 

1 (I 
1 1 

1 2  
13 

14 
15 
1 E. 
1? 
1·�: 
t ·;+ 
20 
21 
22 

cu;.::oR 

:::·�61 

4005 

404f: 

5090 

.:12 1 C' ·-· 
52'3•? 
52°54'E' 
54'91 

5727 

CU?.:S:QR 

39:3(1 
:3S•E*l 
:3974 
4005 
4023 
404!3 
5087 
'51 '�4 
5214 

5.-.. -.. ·-, ·- c. . .;1 '-=' 

5248 
525·3 
525'3 
526E: 

5300 

5.315 

5:320 
53�:.3 
5346 

557:3 
5726 
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Ff:·Eo ; .. 
1 5:�; 1 71 7 . ' 

1 S4::i. ?25 
151 7 ;:;44 I . 

752. 1:i-:is 
t-5·�. E1:3(1 
�·42. 476 
5·37. ?09 

456. 5·�-�= 
2E::3. c:' ·;t·� .... 1,,,_.._ 

FREQ 

1603.341• .. 

15;::0. lC:6 
1570.667 

1548.220 

1534. 794 

1516.294 

752!' •SlE. 
tS73. ??O 
E.s.::. 1350 
i:::.41. 2:s2 

E.�:o. 692 

t:.26. oo�. 

E.t::i.1 1::: 
596.121 

534 • .SE.1 
s�:::i • i ·?4 
571.E·2'3 

455.214 

PPM 

7.,:, E.533 1 ._,. 

�?. Ot024 
�C" 

-· · 47(1 I 

:.·-:-:- :;:9·.::.,1 _,, . 
... _, ::: (I 1 _ . ..._. 1 

31 . 3461 
2:�. 7220 

2·2. 7048 
14. 0986 

• • PPM i� 

('3'. 7 2:36 

?8. 5;;·71 

:�:(. 4250 
::::::. 5042 
�32.?tS.(3 
.�:10 ;388? 

:�: 1. 52-�;2 

?'a. 901)? 

27. '3'4EiEt 

26.7859 
22. 6,3f::.2 

1 ·::i. i::.36 (I 
14. 042f. 

INTEGRAL INTENS1T\ 

21 • 1 (I:;;: 
2(1. :.::;:4 
1·51.613 

4. OUl 
1. ·�94 

2.644 
1. 954 

22.t.O:::< 

4. IJ02 

lNlEGR�L 1NlEN$ll1 

45.591 

2. =·4t. 
4E .• 742 

,;: • ;?.':.i 1 

.3�:: • .  376 
1. (' . .:::. 
4.1 79 
':1. 07 :: 
3. �: 09 
2.146 
1. :::91 

4. 74 0 

:3. 80'9 

4. c:.:,·7' 
2. r-:.:: l 
4. 213' 

4.161 

2. 42'� 
22.154 

22. •.::E.2 
.� • .  ;:.3·� 

21.�41 

2 a ••· ._:: � 
C. c'c:: 
2 • .  �:4:, 

l 0. ::' l t• 
c.· .. 4 u: 
c. u.�,5 
..:: • 1 �;· l 

2. (i l :: 
.2. �!.:..1.4 
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