10

.15

This Shest Has Been Replaced

- A

This fnvention relates to a novel agent for inproving the adhesion of asphalt to aggregateland to the im-
proved asphaltic concrete so formed.

Technical Field to whiich the invention Belongs

Related Background Art

The use of asphalt in the production ofroad-malang materials is well krmown. The asphailt material ads as
a binder for salid aggregates. Typical solid aggregates which have been employed include sﬂJne. grave( and
slag.
Road conslructxon has meany variations. Asphaitic concrete can be used for the entire mad] bed or justfor
the surface. Asphaliic concrete, particularly at the road surface, has considerable advantages ¢ over-other ma-
terials particularly due to its elasticity and compliance. However, asphaltic concrete does detel jorate with time
and heavy traffic. Deterioralion can be accelerated by way of weakening of the asphattic conc;’ete due to the

- stripping of asphalt cement from the aggregate by moisture.

The quslity of the aggregate is also mpariaat. Aaumber of materials with appropriate size dlsmbuaon can
serve as aggregates; among these are md [ime-stane, slag, lime, vulcanized tubber, orground and screened
coke abtained by any known method from coal or ofl. A mixhure of aggregates can also beused. The susoep-
tibility to stripping can vary considerably for different aggregates. l

An asphalfic cemnent satisfactory foruse as a bonding and coating agent for mineral aggrega]te should have
ths following properties; it shauld be able to coat completely the aggregate; it should have such adhm qual-
ities that the adhesion between the asphalt and the aggregate is not disrupted in the pmence. or because,
of waterorby variations in climatic conditions: it should provide the pavementwitha certain amodntofresihenw

.and = high coefficient of "rehealing®; and it should so resist oxidation that the pavement lehms fts rehealing

characlenshcovera long period of time, the ideal asphaltic concrete being one in which the aspha!ﬁc cement
is as softas posxble and yet has the capacity of resisting being deformed by traffic shacks and Impacts.

According to the current state of the art, most of the asphaltic concrete road construction m:/olv& hot mix-
ing and paving while the mixture is hot. Howsver, paving can also involve mixtures containing emulsified or
“cut-back” asphalts. - |

Itis well known that asphalt can have poaradhesion to aggregate in the presence of water. I/-\ggregate can
be preferentially wetted by water, so that even if the aggregate was dry at the time it was blended with the
asphalt, in the course of time the penetretion of water into the asphalt compaosition reaches the | -aggrega:e and
then interferes with the bond between the aggregate and the asphalt, leading to separatlon ofthe aspha!tfnom
the aggregate, with resulting breakup of the composition

Asphalt compositions used in asphalt pavings are viscous semi-solid materials. In ocderto apply these ma-
tenials 10 a surface, it is necessary first to convert theni to a temporarily fluid state, e.g., by Iowenm the vis-
cosities by heating, or by production of emulsions or by cutting back with liquid hydroarbons. i

The adhesnon between asphelt.and aggregate is known to be improved by the addition of a basic sub—
stance, e.g., an amine, thereto, The result is an increased pavement life.

Examples of some basic additives which have been used in the past for this purpose mdude the primary
alkyl amines, e.g., l2auryl amine, stsaryf amine, and the alkylene diamines, particularly the alkyl«wbsﬁmted

alkylene diamines, e.g., N-stearyt-1,3-propylene diamine. Amides are also used in some anh—slnppmg fnrmu- '.

lations. The production of these additives involves cons:derahle costs.
Many patents have proposed the use of such anti-stripping agems in asphalt/aggregate mixture to Qnow‘de
road surfacing composition. Among them are the following:
Canadian Patent No. 425,128, patented January 16, 1945;
Canadian Patent No. 481,806, patented August 18, 1952 by F. C. Gzemski;
Canadian Patent No. 986,256, izsued March 30, 1976 by M. E. Hellstén et al;
U.S. Patent Na. 2,336,468, patented December 14, 1943 by W. G. Cole et al;
U.S. Patent No. 2,416,134, patented February 18, 1947 by W.W. Allen;
U.S. Patent No. 3,085,891, patented April 16, 1967;
U.S. Patent No. 3,868,263, patented February 25, 1975 by K. E. McConnaughey;
U.S. Patent Na. 4,325,738, patented April 20, 1982 by H. Plancheretal;
U.S. Patent No. 4,765,839, patented August 23, 1988 by D. S. Traybig et al;
U.S. Patent No. 3,928,061, patented Decembes 23, 1971 by M. E. Hellsten et al; and
U.S. Patent No. 4,038,102, patented July 26, 1977 by M. E. Hellsten et al.
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_ Disdosure of the lnvention

By this invention, a bituminous cuaung composition is provided including 2sphalt cement alnd an effective
amount, e.g., from about 0.1% to about 8% by weight, of 2 nitrogen-containing adhesion 1 gnprovmg. anti-
stripping agent. Such agentis d1aractenzed by a sewage sludge-derived ofl, ora fraction theredf, such sewage
sludge-derived oil comprising a mixture of saturated aliphatic hydrocarbons, moncaromatic ns, dia-
romatic hydrotzrbons. polyaromatic hydrocarbons, palar compounds and basie, pyrid ine-scluble compounds,
having the following elemental composition: nitrogen, about 3.4% to about 5% by weight; len, about 5.8%
to about 6.9% by weight; sulfur, about 0.3% to about 0.8% by weight; hydrogen, about 9.7% about 10.4%
by weight; and carbon, about 76.9% to about 79.8% by weight. '

This invention also provides a bituminous paving composition including 2ggregate, an asphali-. e.g., bitu-
men, asphalt, or crude residuum contzining asphaltenes, and an effective amourt, e.g., from about 0.1% to
about 8% by weight, of a nitrogen-contzining, adhesion-improving, anti-stripping agent. Such agent is charac-
tetized by a sewage sludge-derived oil, or a fraction thereof, such sewage sludge-derived il rising a mix-
wrre of saturated aliphatic hydrocarbons, monoaromatic hydrocarbons, diaromatic hydrocarboris, polyaromatic
hydrocarbons, polar compounds and basic, pyridine-soluble compounds, having the following elemental com-

position: nifrogen, about 3.4% to about 5% by weight; oxygen, about5.8% fo about 6.9% by wei sulfur. about -

0.3% to about 0.8% by weight; hydmgen. about 9,7% to about 10.4% by weight; and carbon, about 76.9% o
about 79.8% by weight.

This invention further provides an asphalt compo&ﬁon including an asphadltic cement, alnd an effechve
amount, e.g., from abaut 0.1% to about 8% by welght, of a nitrogen-contzining, adhes:on—mpmvmg, anti-
stripping agent. Such agentis characterized by asewage sludge-derived oil, ora fraction thereéf Such sewage
sludge-derived oil comprising 2 mixture of sdhurated aliphafic hydrocarbons, monoaromatic hydroczrbons, dia-
romatic hydrecarbons, polyaromatic hydrocarbons, polar compounds and basic, pyridi ne-so!uble compounds,
having the following elementai composition: nitrogen, about 3.4% to about 5% by weight; oxyden, about 5.8%
to about 6.9% by welghts sulfur; about 0.3% to about 0.8% by weight; hydrogen, about 9.7% to about 10.4%
by welght, @nd carbon, about 76.9% to about 79.8% by weight. !

The sewage sludge-derived ofl used in the above characterizations of the invention preferébly hasthe fol-
lowing elemental composition: nitrogen, 3.42% to 4.95% by weight; oxygen, 5.84% to 6.89% byweaght sulfur,
0.34% to 0.83% by weight: hydrogen, 9.70% to 10.44% by weight; and carbon, 76.92% to 79.76% by weight.

The amount of such sewage sludge-derived ofl used in the abave characterizations of the inventior is pre~—
ferably from about 1% to about §% by weight. . .

R — L

Effects of the Invention

The principal effect of this Invention s that an improved resistance fo stripping is achiev'ed. In addition,
the nilrogen-containing additive provides improvements in the adhesion of the asphalt to aggregatw.‘nus ef-
fect which is achieved, is at least as great as individual effects, i.e., either improvements in adheslon. or re~
sistance to stripping, using the additives taught by the background art - Yet, by the present n'wemxon, these
two effects are achieved simultaneously. I

The aggregate emplayed herein in the development of the present invention was selectedu as bemg prone
to stripping i order to demanskate the. effectiveness of the sewage siudge-derived oll, or fractions thereof,
as anhti-stripping agents, as well as the effectiveness of commercial anti-stripping agents for o!:mpanson The
aggregate was obtained from a quarry in Renfrew County in Ontario, Canada, designated by the Ministry of
Transportation of Ontario as permiss:ble for use in road compositions onfy when used with an adheswn -
praver.

The bituminous meaterial which may be employed herein in the practice of the present invention is not crit-
ical. Any bitumen, asphait or crude residuum containing asphaltenes can be employed. In gendral, the asphalt
which can be employed Is conventional petroleum asphalt. The asphalt cementrequirementis setforthin ASTM
D 3381-83 and D 846-82, the standard specifications for VISCOSITY-GRADED and PENETRATION-GRADED
ASPHALT CEMENTS FOR USE IN PAVEMENT CONSTRUCTION, respectively. Prefeced a!sphalts are the
normal paving asphalts (e.g., ACS, AC10, AC20, and AC30, where AC indicates asphalt cementand the number
indicates the viscosity at 140°F. in poises divided by 100, and penetration graded asphalt, dwgr'xaﬁed according

. to thekr penetration ranges (dmm) obtained at 25°C, 100g, 5 sec. In Canada the most common grades are

857100 and 150/200.).

The sewage siudge-derived oll used in the present invention may be produced accordi ing tn the laachmgs
of Canadian Patent No. 1,225,062, issued August 4th, 1947, to T R. Bridle. The teachings of such a pahent
may be summarized as follows: . . I

— - o~ ——
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~ carbon dicxdde and nitrogen. The calculated calorific value i$ approximately 2.0 MJd/kg of NCG.
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Abatcli-type reaction system for the production ofsu?:h sludge-derived oll described in the above-ldentiﬁed
Canadian patent may be operated as follows: A single reactor provides both heahng and reaction zones and
consists of a PYREXTqy tube. This was heated In a furnace, off-gases being condensed in a'irappmgsystem
consisting of three flasks connected in series, using ice as the coalant. Non-condensable gsses (NCG) were
vented by pipefrom the system toafurnace hood and were not collected. Atypical rim was canduded bycharg-
ing 550 g of dried sludge (93-86% solids) into the reactor and deaerating with nitrogen whlte in the vertical
position. The reactor volumetric packing for all s was a nominal 50%. The reactor was then placed in the -
furnace, which was inclined by a support 10° to facilitate liquid transport. All the fines, &aps, etc. were con-
nected and the entire systen purged with nitrogen (15 mLJs) for 20 to 30 minutes. The furnace \vas then switch-
ed on and brought up to opetating temperature at a controlled rate, the cantrol employing !a thermocouple
placed in the sludge bed and connected to thermocouple switch and readout. Once operating tzmperalure had
been reached, the nitrogen purge rate was reduced to 7 ml/s. When all visible signs of raa?txon. i.e.. gaslofl
flow, ceased the heat was switched off and the nitrogen purge rate increased to 15 mlJs for qppraxlmaﬁely 30
minutes. The system was dismaatied and the char; oil and pyrolytic water collected and stored for analyses.
ailfwater separation being adueved using & separatory funnel. '

The operating conditions and results fora continuous-type reactor system are shown in Tabl'le 1 below, while .
typical elemental analyses of the resultant ods and chars are shown in Table 2and a dlsm'buhon analysls of
aliphatic hydrocarbons found in an oil is shown in Table 3. The continuous reactor results are| shown in Table
4. All the data in the tables is expressed on a total solids basis (not corrected for volatiles). Ti}e non-condens-
able gas (NCG) yield was calculated by difference. Analysis of the NCG, by gas chromatography (GC), indi-
cated that it contained roughly 6% methane and 10% carbon monoxide with the remainder comprising mostly -

Most of the test runs wera conducted at optimum conditions defined as: opfimum wmlel‘slloﬂ temperature
as detenmnined by differential scanning calorimefry; linear ncrease of temperature with time'to operating tem-
perature at 10°C/minube; and continuous nittogen purge. Runs 11, 12, 13, 22, 24 and 19 instead: weregonducted

with one variable altered during each test, as indicated in Table 1.
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Table 2
OIL AND CHAR ELEMENTAL ANALYSIS (%).
oL | | CHAR
Run No. c H |'n{slolcec|n|n]ls o
20| 7800| 1040| 3s99| o7s| 6.18| 2545] 197 279] 18| 1190
o| 7874| 1047] 345| 041| es7| 2602] 161| s01| 118| 1270
15| 7r3s| 970| 495| oss| es0| 2483| 122| 284] o74| a2sl
22| 7792 1020 399} 0s1| €51| 2253| 134| 254 152! 12.54
23| 7800 1030| 342| 074| 700| 2383| 170| 250| 144 11ss
2¢| 7791 1044| 387| 074| 648| 2476| 185 283 133 1237|
19| 70.07| 1008| 46s| 0s3| 7.07| 2338| 156| 278| 148 1325]
a1| 78.02| 10i15|" 4.11| oss| ese| 28s3| 213 210 1.51! 11.54
32| vo.76| 1025 41| ose| 584| 2507 198| 280 1.34 1163
33| 7930 1041 s4s| osef ss4| 222| 162] 21 150] 11|
Table 3
ALIPHATIC HY- ' ' This Sheet Has Peen Replaced .
DROCARBON
smevms || ]l IIIIH I ll!l
INOIL
Compound | %
Cua 8
Cious 30
Ciste 6
cu-ﬂ S
Cizq9 10
Ciao 10
ézo-.zi 10
Cx 21
100
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Tablo 4
CONTINUOUS REACTOR REBULTS' - ,
REACTOl} CONDITIONS ' L, SUAR Nog
Min  Tomp Sludga Sollds  Ohar Gns Gns  Ylald Cal, Viscosity' Yiald Cnl.  Yield Cal.  Phys.  Thermal Chay In-
Mo. (') Fd Rt Rasldence Inv, Seal Path (%) Vplis (%) Valuo (%) VYalun Watar Efflc'y  8FR
s .Lnau IJnmLMlul {0, . - Ylold (%) -
3 360 81 no mlxnd IB 63 27.00 !00 64.60 0,04 1.20 3,16 3.82 73.48 0.060
' !low
36 450 160 0 B4 0o n;lxod ' 79,71 3i.i2 72 BS.10 5'0.27 7.67 6,04 .2.{6 90,00 . 0,072
; flow.
36 Qo 7150 n 63 no  mixad 20,40 24,01 34 @n.10 7,67 3.01 2005 3.06 90.04 0,071
. {fow . '
. ' g
a1 460 750 20 201 yes  countey 24.10 35,68 93 69.60 - Q.26 0.37 9.60 572 90377 0.208 o
currant '
. 30 450 750 8 6 no st zone 2446 2008 1100 069,47 0.26 9,26 372 4.23 .75 0,075
: only
3 460 760 0 66 mo co- 27.90 33,20 13 69,74 0.,70. 0.67 6.07 6,60 90,81 ' 0,073
_ outrrent’ ’ . S . . : :
40 460 1000 ‘ a 70 yas countor 28,76  31.04 02 6.t 2,54 476 1.20 2.7 '92.M 0.010
) ) ) - eurrant ' . ] '
AL 450 600 20 88 'yos -countar 2374 -3500 34 6179 002 242 1098 500 8102  0.178

curront .

“25»“! %08 $19n|
* jumuoo. uabAxo ajeiopols B UM ogeqdue Kobiret oq 0) steadde paonpoid po poAlop-abphis obemas syl

oy

"Monsurad at 36°C (ASTH standard) o( Table 1 maasul emont st rooin temparatura .
Conductad u.v.lng slmluo from source “C*
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The above-described sewage sludge-derived oils may have the following composition: |
| Teble 5

General Range Typical Range
Nirogen:  |2% to about 8% 3.4% to about 5%
Oxygen: 3% fo about 12% 5.8% to about 6.9%
Suphur | 0.1% to about 4% 0.3% o about 0.8%
Hydrogen: | 8% to about 11% 9.7% to about 10.4%
Carbon: |s6.9% woabouresn | 76.9% taabt;ut79.8%

. These sewage sludge-denved oils can be deliydrated by dnsﬁliabon. Portions of the mn'c!genous groups
appear ta be amines and amides with some pyridinic and pyrrolic typa. Partions of the oxygen-contammg
groups appear to be arbmqllc and amide types.

The following Table & provides an identification of individuzl components of sewage sludge-denved o1

(SDO) by Gas ChromotographyIMass Spectrograph (GC/MS):
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Table 6

Components Approximate Approximate

' ' concentration concentrat:.'on

in Fraction in dehydra.ted

sewage
sludge—~derived .
oil : |

Fraction 1 . - -

(boiling: up to 176°C) (4.6% of dehydrated

sewage sludge—derived o:.l)

Tow boiling aromatics 15.3% - 0.7% !
Pyridines 1.1% ‘0.05% !
Total Alkanes 2.5% . 0.12% . l
Indoles 1.7% 0.08% !
Pyrroles . 1.1% ° - . .0.05%

. Thiocyanates traces (i.e. less than o. l521:)
Esters - traces (i.e. less than 0.05%)
Fraction 2

(boiling range: 176°-260°C) (22.5% of dehydrated .
sewage sludge~derived oil)

‘Phenols ' 3.2% : 0.7%

Pyrroles T :
Estersfacids

Succinimide (CHNO,) : - : . :
Anides. traces (i.e. less than 0.05%)
Thioureas traces (i.e. less than o. 015%)
Thiazoles traces (i.e. less than 0. 05%)

Fraction 3 ’ : .
(boiling range: 260-¢00°C) (30.6% of dehydrated sewage
sludge— - .
derived oil) i

C,,HZ._,NO ' . i
GEW N
It was found that, as the fractions get heavier, the identifi mon of individual components;becomes more’

difficult because of the complexity of the fraction. . 1
The actual analysis (by efements) of this SDO is

Z

8.77%
o] 1n21%
s:| 074%
H:| 9.75%|
c:| 715%%

An analysis of one spedific sewage sludge-derived ail was cartied out by gas d:romabgrahylmass spec-

troscopy as follows: |

This analysis is perforred byconnemgamassspechmeerboﬂzeoudetofaeolumnusedmagasduo-
matograph. The sample Is Injected into the gas chromatograph which serves to divide the sampfe intaindividual
components. Components of a sample are eiuted from the column according to thekd‘:ffemgxolamihw.with

" the lowest boillng eomponems usua!ly ehding first. These are then passed to the mass spet':h'ograph which .
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causesthe molecules o bs fragmented and fonized. The fons ofths diffesent mass fragments of the component
are detected electronically. The paitern of fragmentafion @s the ions move through a mageﬁhc field is then

used to identify the chemical funclional groups of the component. This Is repeated for each mmponentthat
is eluted from the chromatographic column. The patierns ofthe ionfragments are very well kmwnforcheml@l

-f:mchcna!groupsandanbensedforbothudenﬁﬁehondandthlatxveana!ys:s.Astheboilmglangeof

the fraction increases the identification of Individual components becomes more difficuit bemuse of the com-
plexity of the components and the decréasing abRity to resolve individual components by gas cl'xmmatngraphy
. The samples of seweage sludge-derived oil were characterized by first distilling to obtain Sﬁacuonss.lﬂable

forgas chromatography/tnass spechrametry analysis. Each of these fraction was then analyzpd to determine

the amournt of each functional type of component The results are shown in thefonowmg Table 7. where the
concentration 1eported (epmem‘.the amount of the component type in the parhmlarﬁad;on only.

.. .' . : . ) ’ ) .
. Thxs Sheet Has Been Replaced
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Components

Fraction 1, Tnitial Boiling
Point to 176°C

COnce.rrl:ratioﬁ, 3

15.3%

Aromatics .
Pyridines 1.1% "
Alkanes 2.5%

Indoles 1.7% -
Pyrroles 1.1% |
Thioccyanates fra.oa:,. '

Esters traces _

.&act:ion' 2, Boiling between ; '

176 and 267Q°C

Phenols . 3.2% i
P_._yfroles.. 1% i ]
sﬁcciniﬁide (CHNO,) trace.

Thioureas traces

Thiazoles traces

Fraction 3, Boiling between -
260 and 400°C ' -

¥o individual components
could be identified. The
response indicates most of
the components have the

general chemical formula of
C TS and Cl,,- . These
components are most ll.ke.y to
bave a. beteroatomic ring with
nitrogen and are highly
substituted.

Fract:.on 4, Boiling between
400 and 525°c - _
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‘No individual components
could be identified: Common
features with the lower
-boiling fractions suggest
complex molecules containing
nitrogren and oxygen. : ) :

( Residue, Bo:.l:.ng Iughe_ t+han
525°C

This fraction could not be
chrcma:bogr:aph -

Fl

: Consequenuy itis seen that the sewage sludge-demed off comprises a ntixture of safurated lallphahc hydm—

carbons, monoaromatic hydrocarbons, dizromatic hydrocarbons, -polyaromatic hydroa-bons. polar com-
pounds and basic, pyridine~soluble compounds. Large portions of the nitrogenous groups appearto be amine
and amides with some pyridinic and pyrrolic types. Large portions of the oxygea cantaining grnupsappearm
be carboxylicand amide types. The sewage sludge-derived oil has the following typical etemenfz! composition:
nitrogen, abotst 3.4% to about 5% by weight; oxygen, about 5.8% ta about 6.9% by weight; su?ur, about 0.3%
to-about 0.8% by weight; hydrogen, about 8.7% ta about 10.4% by welght; and carbon, about 76.9% to abou:
79.8% by weight. The sewage sludge~derived olls can be dehydrated by distilation. s
. The following standard test methods were used far determining the properties of the asphaltblends ac~
cordlng fo this invention, contzihing sewage sludge-desived oil fractions §
ThesmdardTﬁtMethodforPenekaﬁonofBﬁummmMatemdssAsmm
The Standard Test Method for Softening Point of Siturmen (Ring-and-Ball Apparatus ) IsASTM D3s.88.
meSizndaszestMethodforEffect of Heat and Airin Asphaltic Materiais ('I'hm-FTImOverTast) s ASTM
D1754-87.
The Standard TestMetfmdfotDudﬂﬁyofBihmnous Materials Is ASTM D 113-86. - i
- The Standard Specification for Pene!rahon-emded Asphalt Cement for Use in Pavement Gonstructlon Is
ASTMD 94&82.
The Standard TéstMethod for Solublity ofAsphalt Materizls in Trichloroetiylene is ASTM D 2042-81.
Standard Test Method for Kinematic Viscosity of Asphalts (Bitumens) is ASTM D 2170-85;
Standard Test Method for Viscosity of Asphalts by Vacuum Capillary Viscometer is ASTM iD 2171-88.
The Standard Test Method for Separetion of Asphalt into Faur Fractions is ASTM D4-124—-86.
The Standard defiriftions of terms relating to matertals for roads and pavemen:sareg:veh mASTM D&-
88.
. Stripping by static immelsu:n is described by Minisiry of Transportafion of Ontario (MTO)
The materials used were.as follows:
Dnstilahouﬁad:nns ofsewage sludge-dertived oils; +150°C, +250°C, +350°C, +400°C; Shell, Gulf, and Pet-
ro Canada 85/100 Pen grade asphalt. and Petro Canada 150/200 Pen grade asphalt.
" The sewage sludge-derived cils used have the composiions 2s previcusly desciibed. |
_ Certaln conventional anti-stripping agents were also used as a comparisan, namely the fallawing:

1) NALCLAD RL-2A

NALGLAD RL-2A may be defined as follows: NALCLAD is the tradé-mark of Alchem lnc.'furﬂs prand of
asphalt anti-siripping agent. It s composed of heavy aromatic naphtha, ethylene glycol mnop.thylether and
tetraethylene pentaamine. It is 2 block, dearhazy liqmd with an aremali¢ odour. §ts specific gravity is 0.94 at
25°0.and supomdmbeoi( soluble.

gAuaszo | |
ALKAZINE O Is the frade-mark of Alkarl Chemicals Lid. for its brand. of fatty hydroxyetiiyl imidazoline,
12 '
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causesthe molecules to be fragmented and fonized. The ions of the different mass fragments of the component
are detected electronically. The paftern of fragmentation as the ions move through 3 mageahc freld is then
used to identify the chemical funciional groups of the component. This is repeated for each g:omponentthat
is elmdﬂnmmedwmnamgmphmmlummmepatmmscfmelmﬁagmemsamvayweﬂ known for chemical
functional groups and can be used for both identificationd and quamltahveanalys:s.Asthe'bolmg range of
the fraction increases the identification of individual components becomes more difficult bme ofthe com-
plexity of the camponents and the decréasing ability to resolve individual compeneats by gas chrombgmphy.
The samples of sewage sludge-derived ol wete charactetized by first distilling fo-obtain 5 flacﬁonsarmble
for gas chromatography/mass spectromelry analysis. Each af these fraction was then analmd to determine
the amount of each functional type of component. The results are shown in the following Table 7, where the
concentration reported represent the amount ofthe component type in the parbwlarfxadmn only.

12
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Components .

Fraction i, Initial Boillng
Point to 176°C

cgncenti:'ation, %

15.3%

|| Aromatics “
Pyridines 1.1% |
Alkanes 2.5% |
Indoles 1.7%
Pyrroles 1.1% i
Thiocyanates - traces, :
Esters . traces
Fraction 2, Boila.ng between
176 and 2670Q°C .
Phenols - 3.2%

| Pyrroles iz -
Succinimide (CHENO,) trace
Amides o traces
':Ehiouréas ' tr:ace.s

Thiazoles

traces

Fraction 3, Boiling between

260 and 400~C

No individual components
could bs identified. The
response indicates most of
the components have the
general chemical. formula of
CHy N and GHy, - These

compeonents are most lﬂcelg to.

have a heteroatomic ring with
nitrogen ana are highly
substited.

-Fraction 4, Boiling between

400 and 525°C -
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No individual components
could be identified: Common
features with the lower
boiling fractions suggest
complexX wmolecules containing
nitrogren and oxygen.

.Residue, Boiling higher than
525°Cc .

This fraction could not be
chromatographed. : .

- Consequently, it is seen thatthe sewage sludge-derived oll comprises a mixture of saturated lallphanc'-hydro-

carbons, monoaromatic hydrocarbons, diaromatic hydrocarbons, polyaromatic hydroerbons. polar com~
pounds and basic, pyridine-soluble campounds. Laxge portions of the nirogenous groups appearm be amine
and amides with some pyridinic and pyrrolic types. Large portions of the oxygen containing groups appear o
be carbaxylicand amide types. The sewage sludge-derived oil has the following typical elemenrz!compasiuon'
nitrogen, about 3.4% to about §% by weight; oxygen, about 5.8% ta about 6.9% by weight; sut{l.lr. about 0.3%
to about 0.8% by weight; hydrogen, about 8.7% to zbout 10.4% by weight; and carbon, about76.9% to about
78.8% by weight. The sewage sludge-derived ofls can be dehydrated by distillation,

. The following standard test methods were used for determining the properties of the asphalt blends, ac-
eording to this invenfion, containing sewage sludge-desived oil fractions: i

The Standard Test Methad for Penetration of Bituminous Matedals is ASTM D5-86. Z

The Standard Test Method for Softening Point of Bitumen (Ring-and-8all Apparatus ) IsASTM D 36-86.

The Standard Test Method for Effect of Heatand Air in Asphalfic Materials (Thin-Fiim OverTest) IsASTM
D1754-87.

The SIzndard Test Mathod for Ductility of Biuminous Materials Is ASTM D 113-86. -

- The Standard Specification for Penetrationi-Graded Asphalt Cemem:fnrvse in Pavemsnt COnstructlon Is
ASTM D 948-82. i

The Standard Test MethodforSolubllxty of Asphalt Materials in Trichloroethylene is ASTM D 2042—81.

Standard Test Method for Kinematic Viscosily of Asphalts (Biturmens) is ASTM D 2170-85%

Standard Test Method for Viscosity of Asphalts by Vacuum Capillary Viscometer is ASTM D 2171-88.

The Standard Test Method for Separation of Asphait info Four Fractions is ASTM D4-124-86 )

The Standard def'nﬁomofbrmsmlanngbmam!sfwmadsmdpavanensaregNmMASTMD&
88.

Slnppang by stalic immersion is described by Ministry of Transportation of Ontario (MTO). :

The materials used were as follows: !

Distillation frections of sewage sludge-detived oils: +1 §0°C, +250°C, +350°C, +400°5; Shel!, Gulf, and Pet-
ro Canada 85/100 Pen grade asphalt. and Pefro Canada 150/200 Pen grade asphalt.

The sewage sludge-derived olis used have the composiions 2s previously described.

Certain conventicnal anu-s:rippmg agents were also used as a comparison, namely the fallawing:

1) NALCLAD RL-2A

NALGLAD RLZAmaybedeﬁnedas follows: NALCLAD is the trade-mark of Alchem lnc.furhs brand of
asphalt anti-stripping agent. It is composed of heavy aromatic naphtha, ethylene gly!:ol mcnoplhylether and
tetracthylene pentaamine. i js a block, dear/hazy liquid with an arematic odour. its specific gravity is 0.94 at
wc. and is reported to be of scluble.

QALKAZ!NEO

meo&mmmamm axem.eansud.forirsbrandoffauyhydmetrpﬁnﬁda'z?ﬁne. o

e e pens
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aamely 1H-Imidazole-1-ethanol, 2-(a-hepizdecenyl)-4.5-dihydro- (Z)- Czﬂquzo MW = 355,

Chemkzlldengx :
Olelc hydroxyethyl Imidazoline

Oleic aminoethyl ethanolamide : :
Physical state: Liquid i
Appearance and odour: Amber, viscous ﬁqu:d. Mild odour. |
Spedific gra\utr 0.84 pH 10,0-115 (1 0% ln D.W) Density (gknl). 0.84 Water so!ubil'lbr Dispersible in

15

water.

%) REDICOTE AP

REDICOTE AP is the trade-mark of Akzo Chemicals Ud.forilsbrand of asphalt peptizing agent_'.'_is char

Initial Bailing Point - >300°C>572°F @ 760 mumHg
Melting/Freezing Point - -20°C ~68°F
Specific Gravity (H0 = 1) 0.857 @ 25°C

" Water Vapor Pressure (numg) ~-<0.1 @ 20°C - | ' R . ) L=

Solubility in Water (1% by weigt) - -insoluble !
% Volatiles by weight~ ~1 ) .
Evaporalion Rate - (Butylacetate = 1) <1
Appearance &Odor-Amberhqmdwithasnghtaromahcodm
Hash Paoint - >204°C >400°F
Tat Method - PMCC

- REDICOTE AP modifier is a cationic asphait peptmﬁon agentwhlch. when added to mo:lian asphaltim- .
ptcvesﬂte emulsification and &ging properties of the asphait. REDICOTE AP mdﬁensadsqrbedbyﬂ:ew
phaltene constitsent of asphalt, causing apha!hneagglamaaﬁestn be reduced in size and ﬁ}bemore evenly
distributed throughiout the continuous maithene phase. . . ) .

PHYSICAL PROPERTIES
: . i
Pour Point . 50°F(10°C) |
Viscosity, cps & 60°C 205
Specific- Gravity € 25°C 0.957
Weight, lbsfgal @ 25°C 7:99 -
4) REDICOTE 828

RED(OOTE 82-S is the frade-mark of Alkzo Chemicals Lid. for its brand of tallow allqlamme.
Initial Bolling Poiat- 171°C @ 760 mmig _ i
Méiting/Freezing Point - 0°C ' i
Specific Gravity (H;0 = 1) -0.841 @ 25°C .

Water Vapor Pressure (mmHg) - <1 @ 20°C - . o

Solubllity in Water(% By Weight) - Insoluble

Evaporation Rate ~ (Bubylacetate = 1) <1 :

Appearance & Colour- Amberﬁquid witha petmleum solvent odour

Aash Point - 89°C . .

Test Methed - PMCC ' _—
* The properfies of REDICOTE 82-S are as follows: ) i
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Pour Point °C. 0.3

Flash Point, Pensky-Martens, °C 89.0

Viscasity, cps @ 60°C 563

{Appearance @ 25°C Opagque liquid |

Specific Gravily @ 25°C o841

Weight. ths/gal @m 7.00

As a comparison the fol!owmg anb-smppmgtestdata {s provided for treafed asphait cement held @250‘F

for4weeks: !
REDICOTE 82-S % 0.3-0.75
Asphalt type ) 85/100 Pea. _ i
Aggregate Type | Limestone; quartz Mass, rhyolite; Penn, whitehaven
Initial coaang % 100 -
Static immersion Tea(Modmed),%stnpped -appmx. 1.0-7.0

Table 8:

The component type ana[ysls afthe asphaltb{ends used in this Invenﬁon areshown ont

1e next pag‘e in
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Figure 14 is a graph of the anfi-stripping tests with tatzhedeoahxgin%.asordinateandsewages!udge-
derived ol in asphalt, In %, as abscissa; l

- Figure 2 is a graph of the static immersion stripping tests with retained coating in %, as cm‘nafe and blend
of anG-shipping agent as asphalt, in %, as abscissa; and
Figure 3 isa graph of the retained coahngwstswithrelamedeaamsm%asordzm and SDO in asphalt, -
m% as abscissa. R

Dacripﬁon of Special Embodiments

The nnpravemanls in resistance tn stripping, using Jaimeson aggragate In evely case, are ‘llusuated in
Examples 1 to4.

EXAMPLE 1

The reszsf.ance to shipping of an asphaluc composiilon of an aspect of this Invention is summarized in the

In the tesfs above, the 17% sewage sludge-derived ol wes +400°C; the 1% sewage sludg&denved ol
and 5% sewage sludge-derived oll were +250°C. As seen in the Figure 1, 1%, 5% and 17% ofsewagesludge—
derived ol was added to an asphalt cement which initielly coated only 57% of the aggrega:esurraceamrthe

" stripplag test. With the addilion of the sewage shidge-derived oil (1%, 5% and 17% by weight) the amount of

coverage was raised to 80%, 92% and 95%, respectively. In the case of +250°C sewage sluLdge-dedved ail,
1% raised the coverage fo 83% and 5% of sewage siudge-desived ofl raised it to 96%. Ammlmum coverage
of 95% lsreqmredbytheMims&yofoanspo:ﬂcrOmaﬂoPromL j

An enti~skipping testwasmed outusing Shell 85/100 asphaﬂ:wih erther-!-‘lsO‘csewage studge-demred
ofl, or%O‘csewage sludge-deﬁvedoﬂorALKAZ!NEOm The graphical rasults of such anh-suipping testis
shown in Figwre 2.

The coverage of aggregate afterthe stripping 1estfortheasphalt 2lone was 38%. When 0.1% amount of
each of +150°C sewage s(udge-denved oif and 250°C sewage sludge-derived oif were addecli, the coverage
was raised o 55% in both cases; 0.5% of both sewage sludge-derived of fractions mmsed it to 74%; and
1% increased it to 90%. 2% addition of the +150°C sewage sludge-derived of increased enverage 10 95%. 5%
addifion of both sewage sludge~derived ol fraclions increased coverage to 89 and 87%. Camparrson with the

. commercial anti-stipping agent ALKAZINE Ony at 1%, shows that suck commercial anb-shppmg agem:ms
‘not as effective as the sewage sludge-derived ol fraciions.

EXAMPLE S | . i

Stalic immersion steipping tests were camed out using a blend of Petro Canada, Gulfaqd Shell 85/100
asphatlts with different blending agenis, ramely iwo kinds ofsewage sludge-derived o, ALKAZ!NE O RE-
DICOTE APqy 2nd REDICOTE 82-Spy. Vs. retained coating.

TherwultsaresmunaizedhﬁbteSandeigurqs. !

C e—n—— .
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TABLE 'g

S’tripping by Immersion Test |

Asphalt Blend Retained Coatipg (%)
Gulf 85/100 0% SDO S <)
1% SDO+250C - 80
5% SDO+250C - 98
17% SDO+400G g5

 Shell 85/100 0% SDO . 68
1% SDO +280G =~ 90
5% SDO +250C ey

SDo = sewage sludge-’dex:ived' oil

As seenin ﬁguras, +150°C sewage slndge—demed oil, from Hamilton, Ontario and from Highland Creek,
Ontario, l.e.. from different sources, is compared with several commercial synthetic anh-shipping agents.
These sewage sludge-derived oil samples had lower niirogen contents and consequenily wece:not quite as ef- -
fective as the Aflanta, Georgia sewage sludge-derived oil of the previous tests:

‘Retained coating tesswereﬁmed out cn asphalﬁc compositions of Petra Canada 1501200 asphalt ce-
ment, Jaimeson aggtegabe and five evaluations using +150°C sewage sludge-derived oil. More campléte data
and other commercial asphalt cement blends with both sewage sludge-derived ol and other anu-slnppmg-
agentis shown an the next pages in Tables 10 and 11. i
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Asseen in thm tabla, the addifions ofanb@'xppmg agemnis fo asphalt, since they are gt?nerally ofmuch
lowav!smﬂ:yﬂnntheasphalt, increases the peneiration. This might have the advantage of aliowing the use
of somewhat harder asphalt but is disadvantagous for softer aspheits that are near the wmits of penetration
and viscosity specifications.

There appears to be no problem with meeting fiash point requirements event for the +150°C sewage
sludge-desived of up to the 5% addition level for the 85/100 and 150/200 asphelts. . :

EXAMPLE §

The sewage sludge-derived off addiion up to the 5% level does mta’pparmlowe;rth'e ductilities aof' the
asphalt. In fact, in one case, it even improved it even afterthe Thin-Film Oven Test, as shownjin TablesSand
10. ' _ :

EXAMPLE 6

" The compatibility of sewage~sludge dexived ofl with fieavy residual materials has been assessed. Sewdge
sludge-derived ofl was'added to high conversian hydro-cracking pitch (S.R111*C) and ta ROSEm residue
{S.P158°C)in equal proportions, heated until iquid and thoroughly mixed...

A description of the characteristics of the above-referred-to CANMET hydrocracking pitnl{z isas folIclws:

Very heavy meatesial. Typically 50 - 80% Asphaltenes. )

Asphaltere content varies with the feedstock and the convemon rate selected forthe pmm (See us.
Patent Na. 4,683,005 July 28, 1887 M. A. Pairier).

A description of the chraracteristics of the above-referred-to ROSEqny ras:due Isas fulrows'

Residuum Ofl Supercritical Exdracion (ROSEpy) process by the phenomena ofsupercn‘hm! solubllity sep- | -

mmmsmmanmmmbmmmmmemsofmemwm
vary according to the feedsbdctsedandsolvent’hekossmrasnduehadasoﬂnmng pointof‘iss"Cbut w

Viscosities | 2oo<tocst@200°C
Nickel & Venadum_| . 100-300wppm (righ)

An aged Athabasan asphamene frad.lon was smilarly lreated w:th twice it= weight of s!awage studge-
derived oil.

lntheeeseofthehydmaadangpm and the ROSE, residue blends. thematenalsappeared tod‘molve .

’ completely in the sewage sludge-derived oil. In the cese of the asphaltenes. there appeared l? be only a very

amall pertion of skin-like material that did not dissolve in thesemmgesludge—demed of. Thtssmanamountuf
insoluble material probably was due to oxidation of the asphaltene fracfion on ageing.

Themndur&sweteveryvmzs on morng,butnophaseseparahoncould be detected, e
months. . _

ven after several

mdusmmpplmbmy

mesewagesiudgedemedoﬂshavebeeasmnbbedanaﬂeasphaltadd‘uvee. Since;asphalt has in-
dustrial applicability in paving of roads, the industiial applicability of the present fnvention :esxdes in the im-
provement of asphalt paving materials by improvements in anfi-stipping and adheston charactenstim.

1t Is- believed that the sewage sludge-derived oil has an affinity for heavy asphalfic matenals and they
are considered to he peptizing agents for the asphaltenic miscible fractions in asphalt. ;

Raﬁrtherbdxevedthatﬂieasphdtmposihonsofthsimnﬁmmaybeusedasa coghm;forwaher
proofing wood, mmmdm«mswmesands@msmgesmdge-dm oil would

.beexpmdtoh\pmveadh&ien. . _ _ . !
i
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i
1.

1. A bitumlnous coating compasition including an asphalt, e.g.. bitumen. asphaltor crude rwduum contam—

5.

mgasptﬁ.lﬁen&s.and aneﬁed:veanmmt.e.g..ﬁomahoutOd%mabouta% byweighf, of a nitrogen-
containing, adhesion-improving, anti-stipping agent, charactenzed in that said agentis asewage sludge—

R

|

- derived ofl, 'otaﬁ'adionﬂlereof said sewage sludge-derived oil comprising a mixture of satnrated aﬂphaﬂc
- hydrocarbons, monoaromatic hrydrocarbans, diaromafic hydrocarbons, polyaromatic hydm'wbons, polar

compounds and bas:c, pyridine-soluble compounds having the following elemental composiucm nitrogen,
about 3A4% o about 5% by weight; cxygen, about 5.8% to about 6.9% by welght: sulfur; ‘about 4.3% to
about 0.8% by weight; hydrogen, about9.7% to about 10.4% by weight; and cashon, about ?‘6.9% ta about
79.8% by weight. ) . i

A bitumninous paving compositien including aggregate, an asphalt, e.g., bimmen. asphaltoru’uderast-'
duum containing asphalienes, and an effective amount, e.g., from about 0.1% to abouta% by weight, of
a pitrogen-containing, adheslon-improving anti-siripping egent, characterized in that said agent isasew-
age sludge-derived ol, ora fraction thereof, said sewage sludge-derived oll comprisinga liﬁ:mxre of satu-
rated aliphatic hydrocarbons, moncearomatic hydrocarbons, dfaromatic hydrocarbons, pot;ejromaﬂc hydro-
carbons, polar compounds and basic, pyridine-soluble compounds, having the following €lemental com-
position: nitroger, about3.4% to about5% hy weighit; oxygen, about §.8% to about 6.9% by weugl'ﬂ;sdfur
about 0.3% to about 0.8% by weight; hiydrogen, about 9.7% fo abort 10.4% bywezght.'and mon. about
76.8% to about 79.8% by weight. ’

An esphzlt composition including an asphalﬁc cement, and an effective an_xount. e.g., fmg asbout0.1% fo
about 8% by weight, of a nifrogen-containing, adhesion-improving, aati-shipping agent tzed In
that said agent is a sewage sludge-detived of, ora fraction thereof, said sewage sludge-demred oil com-
prising @ mixture of saturated aliphelic hydrocarbans, manoaromatic hydrocarbons, d'amrglahc hydrocar-

bons, polyaromaic hydrocarbons, poler compounds and basic, pyridine-soluble compaounds, having the
following elemental compositian: nitrogen, about 3.4% fo about 5% by weight; oxyged, 5.8% tn about
6.9% by weight; sulfur, ehout 0.3% fo about 0.8% by welght; hydrogen, about 9.7% to about 10.4% by
weight, and carbon, about'!e.s% to about 79.8% by weight. -

-—ra—ta

The coating composiﬁonofdaxms 1.2 or 3 characlerized in thatsaxdsewagesludge—dem?edoﬂ kas the
following elemental compositian: nitrogen, 3.42% 0 4.95% by weight; axygen, 5.84% t© 6.89% bywetght;
sulfur, 0.34% to 0.83% by weight; hydrogen, 9.70% % 10.44%; and carbon, 76.92% fo 79.76% bywe(ght.

The composition of claims 1, 2, 3 ar4 dmctem_:ed in that said effective amount of said nitrogern-con-
talning, adhesion-improving, anti-skipping agent is from about 1% to about 5% by weight.




