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Technical Fidd ID which the Invention Belongs . 

This invenlion relales fD a novel age~ for im~\'ing the adhesion of asp~alt te> ~-eland to the .im-
proved asphaltic ~naete so formed. j . 

$ I 

- I The use Of asphalt in the production of inacf..maldng materials is weU known_ The asphalt rilaferial ~as 
a binderfor solid aggregales- Typical solid aggregates whieh have been employed include ~ne, g~ end 

Related Background Art 

10 slag. l 
Road construction has many variations. Asphaltic concrete can be used for the entire mad bed or Just.for 

the surface. Asphaltic:canaete. particularly at the road surface. has considerable adVantages ~otherma­
terials particularly due lo its elasticity and compliance. However, asphaftic concrete does detenprate wa~h time 
and heavy traffic.. Deterioration can be accelerared by WtrJ of weakening of the asphaftic concrete due to the 

.1s . anppins of asphalt_ cemen1:ftom the aggregate by moistqre. . . I · · 
· The qual"d:yofthe aggregate is also !fnportanl.Anc.imberof materialswzlh appropriate size disbibution ean 

serve as aggregates; among these are Simd. llme-sta""· slag. lime. vulcanized tubber, orgm~ and screened 
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coke obtained by any known method from coal or oil. Amixlure of aggregates can also_ be u~ Th~ suscep.. 
tibility so stripping can vary considerably for different aggregates. ! . · 
. An a$phalticcementsatfsfactory{oruse as a bonding and coaling agentformineral aggreg.should have 
thsfoR9Wfng properties; itshaulc1 be ablefD coatoomplelelythe aggregate, it.should have such ~hesive qual-
ities that the adhesion between th~ asphalt and the eggregate-is not disrupted in the presenc!e. or because, 
ofwaterorbyvariations in dfmaticeond"mons;ihshould provide the ~entwithacertain ~ntofresiliency 

. and .a high coefficient of "rehealing"; and it should so resist oxidation that the pavement rerairjs fts reflealing" 
chanacieris6c~a long period oftime.. the ideal f!13phaltic~naele being one in which the as\>bal5c c;ement 
is as soft as possible and yet has the capacity of resisting being de(ormed by trafrlc shocks ahd Impacts._ 

Aecording tothecurrentstateofthe art. most of the asphallicconcrete road construction.~lves hot mix-
ing and paving while the mixture is hot. However. paving ean also involve mixtures containin~ emu1$lfied or 
·cut..IJa~ asphalts. I . 

lt isweR known thatasphalt can have pooradhesion to aggregaie in the presence ofwater.~ggregate can 
. I 

be preferentially wetted ·by water, so that even if the aggregate was ,dry at·the time it was blended with the 
I 

asphalt, in the course of time the penetration of water into the asphalt composition reaches the ;aooresate and 
then illterfereswith the bond between the aggregate and the asphalt. leading~ separation oftlie asphaltfrom 
the aggregale. with resulting breakup of the a:xnposition. . . ' . I : . 

Asphalt compositions used in asphalt pavings are viscous semi-solid materials. In oroerro apply these ma­
terials ro a surface, it is necessary f"irst ro convert them lO a temporarily fluid state, e.g., by lo"'1ering the vi• 
cosities br heating, or by production of emulsions or by cutEing back with liquid hydrocarbons. I . 

The adhesion between asphalt.and aggregate is known to be improved by the addition of a basic sub--
stance. e.g •• ·an amine. thetefo. The reSuft is an increased pavement life_ ! . 

. I 
~pies of some basic add"ltives which have been used in the pastfOr this purpose inclu;:re the primary 

alkyl amines. e.g., laury( amine. steacyl amine. and the alky(ene diamines. particularly the a~-.substituted 
I .• . 

alkylene diamines, e.g... N-stearyl-1.3-propylene diamine.. Amides are also used in some anti-shipping funnu-
. . I 

Jalions. The production of these additives imrolves considerable COS1:S.. ; . 

Maqy patents have proposed the use of such anti-stripping asents in asphalt/aggregate mobre to provide 
road surfacing composition. Among them are the following: ! · 

canadian Pa1ent No. 425.128. patented January 16. 19¢5; ! 
Canad"ian Pal2nt No.. 481,.806. patented August 18. 1952. by F. C.. Gzemski; I 
Canadian Patent: No. 986,256, issued March 30, 1976 by M. E. Hellsten li=t ar; I 
U..S_ Pafent ~o. 2.336,,468, patenfed 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. P.atent No. 3.085.891, patented April 16, 1967; 
U.S. Patent No. 3,QGB.263. palented February 25, 1975 by -K. E. McConnaughey; 
U.S. Patent No. -4,325.738. patented April 20. 1982 by H- Plancheretal; 
U.S. PatentN<>-4,765.839. patenledAugust23, 1988 byD. S. ileybig etal; 
~.S. Patent No.. 3.928.,061, patented Decembe(' 23, 1971 by M. E. Hellsten et al; and 
U.S. Patent No. 4,0$8.102. patented July26, 1977 by M. E. Hellsten et al 
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Disclosure Of .the Invention 
I 

By this invention, a bituminous coatin~ c::omposition is provided induding asphalt cement Jnd an effective 

amount. e.g., from about 0.1 % to about 8% by weight, of a nitrogen-containing adhesion linproving,. anti-
. I . 

stripping agent. Such agent ls chara~rized by a sewage sludge-d~ed oil. ora hc6on theredf, such sewage 

studge-<Senved o~ comprising a mixture of saturated eliphatichydmcarbons, m<>(I08.l"Omatic ~~s. cfia­
romatfc hydrocaibons, polyaromatic hydrocarbons, polar compounds and basic. pyridine-soluble compounds. 

having the fotlovl'ing elemental compositfon: nilrogen. about3.4% to about5% byweighf; ~\:,n, about 5.8%. 

ro about 6.9% by weight; sulfur. about 0..3% to about 0.8% by weight hydrogen; aboul: 9.7% lo about 10.4o/o 

by Weight and carbon, about 78.9% lO about 79.8% by weight. ! · 
This invention also provides a billlminous paving composition including aggregate,. an asphalt:, e.g., bitu­

men. asphalt. or "aude residuum aantaining asphaltenes. and an effective amount, e.g~, ftoni about 0.1% to 
about 8% by weight,. of a nitrogen-containing. adhesion-improving. anti-stripping agent. Such ~gent is charao-­

terized by a sewage sludge-derived oD. or a hclion thereat. such sewage sludge-derived oil +rising a ~ix· 
D.Jreofsaturated aliphatic tlyd~ons. monoaromatic hydrocarbons, dlaromatic hydrocarbo~ polyaromatic 
hydrocarbOns. polar campounds and basic. pyridine-soluble c:ompo1.mds. having the following elem~ com­
position: nitrogen. aboutS.4% to about5% byweight; oxygen, about5.8% 1o aboul:6.9% bywel~suiru_:r. about · 

0.3% to about 0.8% by weight; hydrogen. about 9.7% to about 10.4% by weight; and carbon, about 76..9% 1o 

about79.8% by weight. • . I · . . 
This invention further provides an asphalt composition including an asphalliG cement, and an effective 

. . I . 

amount. e.g., from about 0.1% ·to about 8% by weight, of a nilrogen-confaining, adhesi~improvin_,g, anti-

stripping agent. Sui::h agent is charaaedud bya·sewagesludge-derived oil. ora fraction ther8clr. Such Sewage 
sludge-derived oil comprls!ng a '!lixture cf saturated ~iph&tic hydrocarbons. monoaromatic; ~rocarbo.ns. dia­

romatlc hydroc:arbon:s. polyarometic hydroc:mbons, polar compounds a¢ basic. pyridine-eoluJ?le compounds, 
having the fallowing elemental ~mposalion: ni~en. about3.4% to about5% ·~ welghf; oxYd,en. abo~ 5.8% 

to about 6.9% by weight; $ultiu;-abo'Ut o.3% to about 0.8% by weight; hydrogen. about 9.7% to about 10.4% 

by weight. and casbon, abed 76'.9% to a:bout 79.8% by weight. . I 
The sewage slud,ge-<ierived oil used in the above charac:terizaHons of the invention ~y has-the fol­

lowing elemental composition: nittogen. 3.4-2% ID 4.95",<a by weight; oqgen, 5.84% to 6..89% bYweight; sulntr. 

0.34% to 0.83% by weight; hydrogen, 9.70% to 10.44% by weight; and carbon. 76.92% to 79.76% by~ight. 
The amount of such sewage .sludge-<ietived oil used in the above characterizaHons of the ipvention ls pre-

ferably from about 1 % to about S% by weight. I 
i 

Effects of the Invention I 

i . 
The principal effect of this Invention is that an .improved resistance to shipping is ach~ed. In addition, 

the nilrogen~ntaining additive provides improvements in the adhesion of the asphalt to aggr~ates. This ef· 
fec:;t which is achieved, is at least as great as individual effect&, i.e.. either improvements in ~dhesion, or re­
sistance to stripping, using the additives taught by the background art.·Y~ by the present i~entiori, these 

two effects are achieved simulta~eously. I · 
The aggregate employed herein in the development of the present invention was seleetedlas being prone 

to stripping in order !:D demonstrate the. effecriVeness of the sewage sludge-derived all, or~on3 thereof, 

as at'lli-stripping agents. as weU as the effectiveness of commercial anti-stripping agents for~mparisOn. The 

aggregate was.obtained ftom a quanyin Renfrew County in Ontario, canada. designaf.ed b>ithe Ministry of 

Transportation of Onlaria as permissible for use in road compositions only when used with ~n adhesion im-

prover. · - j · · 
The bituminous material which may be employed herein in the practice of the present inve,ition is not ait· 

ical. Any bitumen, asphalt or crude residuum containing asphaltenes can be employed. In gendnal, the asphalt 

~ich can be employed is conv~tional pe1r0leumasphalt. The asphaftcementrequirementis ~forth inASTM 

D 3381-83 and D 946-82.. the standard specif"acationsforVISCOSITY-GRADED and PENETRAT10N-GRADED 

ASPHALT CEMENTS FOR USE IN PAVEMENT CONSTRUCTION. respedjvely. Preferred alsphafts are the 

nonnalpavingasphalts(e.g..AC5.AC10,AC20,andAC30,whcreACindicate&asphalteement8ndthenumber 
indicates the viscosity at 140°F.. in poises acvided by 100.and penetration graded asphalt, desigkfed ac:ic:otding 

. to their pel'.letration ranges (dmm) obtained at 25"C.100g. 5 sec. In Canada the most c:omthon grades are 
85/100and150/200.). I · : 

The sewage sludge-derfved oU used in the present Invention may be produc;ed acxorCnng th the ~chings 
of Canadian Patent No.1,225-.062, issued 1'usust4t:h. 1987. to T_ R..Bridh; • .'The teachings o'f such a patent: 
may be summadzed as follows: . J · 

• 
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Abatch-typeteaetfonsystemforthe pcodudion ofsuc:llsludge-derivedold~Ded in the above-Klentif'ted 
Cenadian patent may be operated as follow$: A single reac;tor plOVides both healing and reJcuon zones and 
consists of a PYREXTm tube... This was heated I~ a furnace.~ being condensed in ,s ~ping system 
COnSisling or three- flasks eonnected in series. using ice as the coolant. Non-c:ondensable ~ (NCG) wese 
vented by pipe'ftam thesyslem to a furnace hood and were notcolleet.ed.Atypical nm was oon~·~ycharg- _ 
Ing 550 g of dried ·sludge (93-96% solids) info the reactor and deaending with nitrogen whlre in the vertreal 
position. The reactor volumetric packing fOrall runs was a nominal 50%. The readx)rwas uJm placed in the · · 
fUrnace. which was inclined by a support 10° to facilitate liquid transport. All the r1nes, ha~ etc. were ·con­
ned.ed and the.entiresysfem purged with nitrogen (15 mUs)for201o30minutes. Thefurnac:e~sthen $Wl'leh­
ed on and brought up to operating temperature at a controlled rats. the c:anbol employing ~ themiocouple 
placed ·in the sludge bed and connected to thermocouple switch and readout. Once opetatil'!g tempe~ture had 
been reaChed, the nitrogen purge rate was reduced to 7 mUs. When. all visible signs of raadtion. le._ gasloil 
flow, ceased the heat was switched Off and the nilrogen purge rate inCteased to 15 mus for ;lpprQXJmately 30 
minutes. The system was d"ISf\1801fed and th9 char. on and pyrolylic warer collected and storjsd for ana1Y:ses. 
oil/water separation being achieved using a ~paratocy funnel. , 1 . 

Theoperafing c=onditioneand resullsfora GOntinuous-type reactoreystemare shown in Ta~e 1 below, while 
typical elemenlal analyses of the resultant ols and chars are shown In Table 2 and a dismbhfion analysis of 
aliphatic hydrocarbons found in an oil is shown in Table 3. 111e continuous reactorresulfs arJ shown Jn Table 
4.. All ·the data in the tables is expressed on a total sorlds basis (notcanecfedforvolab1es). nle no~ens-: 
able gas (NCG) yield was calculated :by difference. AnalyS9 of the NCG, .by gas clU'om~phy (~q. indi­
cated Ulat it contained roughly 6% methane and 10% caibOn monoxide with the remainder cJms>r1s;~ mostly · 
carbon dioxide and nilrogen. The caJculated calorif'ic 'Value ~approximately 2.0 MJ/kg of NcGo. 

I 

· Most of the test runs were conduded.atoptfrntim c:andilions defined as: optimum conver.iion lemperafwe 
as determined by d"lfferential $Canning calodmefrr. rmearinaease of temperature walh time"tb operating tern-

. I 
perab.lreat 10"Clminuleiand continuous nitrogen purge. Rul\$11. 12. 13. 22.24and 19 insteadwereconducled 
with one variable altered during each test. as indicated in Table 1_ 

.. 
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Table 1 . 
JlllIJlllU...~umtlUl.lfUIMUJ.T.Ji 

.Ql!Jl.RAii llit.raUUD!lUll nEDU\. l!I 
Oii. r.llAll .. nu11 

I 

llOllCDllDIUI., P'fnOLYUO 
01\1.0RIC CA LORIO RAUi.ED tll\TER 111m1n1. 

Vll!lO VAt.111! \ITBCOBITV VIE\.D VAi.ii£ 'trtLD . YU1L11 Pl"IJPl.Y 
II HJ/ICU • OEllT IntolU!ll ~ llJ/lca . x x x 

RUii Ot.UO<HI t~ur OTllER 
110. DAllPLll ( cJ COlllCl!ltlD , 

20.0 30.40 &ollll 61.5 11.u ".6 a.1 Ot,!I 
21. I 37.U I ~1.1 n,s fO, Ill 1~.t 11.1 71,1 z.c • I u.n ao,s u.1 io,on 1i.1 a.6 0.1:1 25.11 3;t,llJ 70,3 111.' "·u · U.l '·' ni,z 28,G 

&4. '" 117.5 so.1 u.n 10.1 Cta •o.i 2D. T 31,17 zu.o al.I JO,U D,I J,6 ar.' fZ,11 ,3:\, 3t S.Ud u.a st,oo 10,3 II• 'l 19.3 U,3 3~.ar Oolld u •• 9,JD 12.1 . 11,0 no.4 ID.a aa.oo .... St.I \O,S I U.t ·D,9 00.1 IS.3 31,U Bn11d ' n.1 \t,H 10.1 10.t ·10, D 10,9 33,lllJ . O:t,f eo.o 1111 10,6 l • ., • 0011 u.o ST,49 Dalld 11<>.o 11.01 , u.o a.o · ao.i 11.2 34. fll 39.11 .... 11,07 J),O 9,9 n.o (!1,0 sy,o .:11.0 H.'Q \O,OI 1'.D 9,( 11.0 

1,ta,U a (OO Optl11tlca , ... o Cl (60 Olltl•"" 11,111,u n HQ Opl:f11LI01 
I, 0 fU I.IX tfllS 
3 a us 75X ,,i\S 
4 c f25 DH tfA9 11,az,n n uo L~11 TDmp1tratu1 .. 
t2 c 450 Ill Dh TAmpor•t\lr• 
Z3 c .cao Ila 112 pur'ia ctur ln11 run 
Z4 0 tDO nnmp 11t. I 0/111fn, 
•• 0 4DO lOOOO PP" II\ llP lie• 
JI 

' 
c 4DQ . Dacond roaotar• 1 ompl:y n c 400 aiicontl ru.atar, chnr :n 0 4110 DaGond f"Qactor, cnlnlyot 

IP~i:llol ~Yll U11bh 

t 8D1ld .rtirlnorl u 214 u11tlotoknn 
• I 

t lh•llt\lr•d ·~ r.011111. ta11pnrntura (20•U Cl 
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Run No.. c 

20 7&.00 

10 9 Til.74 

15 TT~ 

22 77.92 . 

15 
23 78.00 

24 77.91 

19 79.07 

31 76.92 

32 79.76 

•33 79.30 

as. 

30 

36 

40 

.· 
55 

5 
T,able2 

OIL.AND CHAR. ELEMENTAL.ANALYSIS r!}-

OIL 

H N· s 0 c H 

10.10 3..99 0.75 6.18 25.45 1.97 

10.17 3..45 0.41 . 6.'ST 26.02 1.61 

9.70 4.95 0.83 6.90 24.53 1.22 

10.20 3..99 0.61 6.51 22.53 1.34 

10.30 3.42 0.74 7.00 23.83 1.70 

10.44' 3.87 0.74 6A8 24.76' 1.85 

10.06 4.66 o.ss 7.07 23.36 1.56 

10:1s .. 4.11 0.65 6.89 •28..53 2.,;13 

10.25 4.~9 0.56 S.84 2Flm 1.98 
-

10.41 3.49 o.34 . S:.84 24.22 1.62 

Table3 

ALIPHATIC HY· 
ORO CARBON 

DISTRIBUTION 
INOIL --

Compound % 

Cw 8 

CtG-15 30 

Cts.-ss 6 .. 
Csa.17 5 

Cs7...ft 10 

Csa.:a> 10 

~f 10 

~ 21 

100 

CHAR 

N 

2.79 

3.01 

2.84 

2.54-

2.59 

2..83 

2..76 

2.80 

2.80 

2.74 

I 
! 
I 

l 
! 
I 

s I 

I . 
I 

1.39 
I 

1.16 
i 

0.74 
I 

1.52 
I 
I 

1.44. 
I 
I 

1.33 
, I 

1.48 
. I 

1..31 

1.J 
I 

I 
1.5Q 

: . 
; 

i 

l 

. I 
I 

I 
i 

i 
i 
I 
I 

I 

0 

11.90 

12.i'.0 

9.26 

12.54 

11.55 

12.37 

13.25 . 
11.94 

11_.63 

11.35 
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f.l REt.°CIOll COl.JDJTIOJ:lil mi. QUAil 

; 1 R\il\ Tomp· Slud91t 
§ ~ . Ho. (') r:d nt 

l 
. - _ _tea.11 

• ;; 3,f 350 750 

• 111 l :JG 450 
i[ 
lo@: 30 GOO 

. §: 1 
Ei ~ :11 ~60 760 rs r J ! 31l i1!i0 750 

CD "' t~ 39 ~GO lGO 
(Q i 
P w· · i ~ ~o ,150 1000 a ::r 
-· 61 

. a- a "I 

160 

750 

~50 GOO 

Solids Oh4r Qaa GIUI Ylold Cal, Vlscoslty1 Ylald 0111. 
Rasldonco Jnv. Senl Pnth (ft:) Vptue (%) Vl\hlo . 
J.lrrutCMtul £nl. _ ·-- - - -- -~ 
n 61 no mlxnd I0,63 21.00 100 · 64.on o.oil 

o· G•l no 

n 53 no 

2ll 2.01 yoa 

Q 60 no 

0 66 ·no 

0 70 YAS 

20 ao yos 

flow 

mlxod 
llol•. 

1nl'Jcod 
flow 

C0\11\tO\' 
cµrrol\t 

Isl zo11e 
91)~y 

co-
DU rron t" 

countor 
curront 

· counlnr 
curronl . 

?9.71 31. 12 ·12 69.70 

20,10 34,01 34 on.10 

2Jt. IO 35.li3 39 69,GO · 

211.46 30.06 llO· G9.47 

27.90 3!),20 13 69.74 

28, 76 3 I .04 D2 61.11 

2:l.711 . 35,00 3•1 67.19 

~ ~ 111 

NQ9 

Ylold Onl. Ptws. Therml\I mw:Jn · 
(:C) Ynlue Waler emc'y' sr-n 
_ - Y.19kU.Kl 
7 .20 3,"' 3.62 73,05 0.060 

.. 
·a.21 7.G7 G.Oit . 2.fO 00,00 0.072 

7.0? 3.<u 20.05 3.0G SJ0.0'1 Q,071 
i 

0,26 6.37 9,00 6.7.2 fl3.77 0.200 

ll.2G 9,2G 3.12 '1.23 fl:J.75 0,075 

0.10: o-.a1 6.07 6,00 90,91 I 0,073 . .. 
' O,Gt1 ~.76 7.20 :l.37 92,J;! 0.010 

0.1?. 1~1'\.?. . I0,96 5.'GD 91.02 0.17G 

~~ 
G I:!" • • ---r---·.. ... ··------·-------------

"'·-·fii"-w ___ ··-·--·--------· . ~ ·--.. -;------·------·-----··-·--··---·····--····-----· .. --·-·---
g -a ~Moos~rud nt 36' c CASTM standard) of lfabla 1111ansurom~nt ot l'OOli\ toin1>a1·11turt\ . 
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The above-desaibed sewage sludge-derived oifs may have the following composition: 

TableS 

General Range 

~itrogen: 2% fo about 8% 

Oxygen: 3% to about 12% 

Sulphur: 0.1% lo about4% 

Hydrogen: 8% to about 11% 

• 
Carbon: 86..9% to about 65% 

Typical Range 

3.4% to aboUt 5% 

5.8% 1D about 6.9% 

0.3% lo about 0.8% 

9.70.4 ID about 10.4% 
. 

76.9% to about79.8% 

I 

i 
i 

. i 
I 
I 
i 
i 
: 

! 
i 
I ' 

These sewage Sludge-derived: oils can be dehydrated by distill~ Portions of the niJgeno~ groups 
appear In be amines and ~ides with some pyridinic and pyrroJic types. Porticms of the oxJsen-cortmining 
grm.q$ appear to be caiboxyllc and amide types. . ! . . . 

The following Table 6 provides an identif'ac;ation of individual c:on1ponenls of sewage sludge-derived oU 
(SDO) by Gas ChromotographyfMass·Spedrograph (GCJMS): 

. l 

1. 
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components 

Fraction 1 . 
(boil.ing: up to l.76°C) 

I:.ow boil.inq aromatics 
Pyridines 
To't:a..1 Al.kanes 
Indo1es 
Pyrro1es 
Thiocyana.tes 
Esters 

8 

I 
I 
I 

I 
Ap!SJ:oxi111ate 
concentration 
in Fraction 

Approxilita:tJ 
concentra."tifon 
in dehydrated 

I 

sewa.ge I 
sl.udge-der.i:ve.d 
oi1 

(4 .. 6% Of dehydrated 
sewage sludge-derived oil) 
15.3t 0.7% 

1..1% ~0.05% 
2 .. 5% 0.12%. 
1.7% 0.08% 
1.1% .0.05%. 

i:J:'aces (i:-.e. · i.ess than 
trac~s (i.e... less than 

o.d~%) 
O.OF) 

I 

Fraction 2 . l 

.(boil.inq range: 176°-260°C) (22.5% of deb.ydrat7d. I . . 
"Pheno1s 
Pyrro1es 
Esters/acids 
Succin,bdde ( CsRzN~) 
AmideS· 
~hioureas 
Thiazol.es 

Fraction 3 

sewage sludge-derived pil.) 
3.2t 0.7, ! 

traces (i.e. 1ess 
traces (i.e. less 
traces {i .. e. · 1ess 

! I . 
l . 

than ·o. o~~) 
than o.op%> 
than 0 .. 05%) 

. I 

l. 
I 
i 

(boiling- range: 260-400°C) 
sl.ud.ge- . 

I 
(30.6% of dehydrated s~wage 

derived oil.) 

It was found that. as the fraations get heavier, the identification of.individual components, becomes more· 
difficuit because of the complexity of the fi:ac:tion. . ! · 

The actual analysis (by 81ements) of this SOO is : . ! 

N: 8.Tr,{a 

0: 11.21% 

S: 0.74% 

H; 9.75% 

C: 71.53% 

An analy.ris ofane spedf°IO eewage aludge-derived oil was carried out by ges cmo~/mass spec-
.: floscoPyas rouows: . ! . 

ss This analysis is perlormed byconnedtng a mass spectamelerto the outlet of a column ustlcf in a gas chro-
matOgraph. The sample ls lnJeCacrintOthegasducmalograph whlchse.-ves lodividethenmpleinto individual 

I . 
components. Components t!f a sample .are eluted from the column acaxding ID their.cflffering ~titities. with 
the lowest boiling components usually el~g first. These are then passed to the mass specwgraph ~ich . · 

. . - '.. . ........ ····· ......... -··- . .. . . . . ... . . . . ! 
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causesthemo1eculesto~fragmentedandtooized. The ionsofthedifferentmass~ of the ccmponent 
are d~ ele~nically. The paffem of fragmentation as the ions move through a ~e(rtio f"ield iG then 
used to identify tho chemical fimcUona1 groups of the component. This i$ repeated fer each ~ponent that 
is eluted fi'omthe chromatographic column. The pa1:1erns ofthe ionfi'agment.sareveryweu knc?wn for chemical 

6 · functional groups ·and can be used for both ~cationd and quantilative analysis.·~ tlle jboiling range of 
the fraction tnaeases the identif"ICation oflnc:f&Yidual components becomes more dif'f'lcult b~use of~ com­
plexi1.yofthec:amponentsand the decieasu~·abilitytoresolve ind"Mdual c:omponenls ~gas ~tography. 

Thesamples of sewage sludge-derived ol wem cherac:fesfzed byfhtcftstilling to obl:ain 5ffadions.suilable 
. I 

for.gas ctmnnatogmphylmass spedrometry lU'laly$iS.. Each of these fraction was then ~ to determine 
. I 

10 · the as:now¢ of each fundional type of component_ The results are shown in the following Taf?le 7. where the 
concentration.reported represent the amount of the component fype in the parficularfiacfiori only • 

. 15 
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Components . concentration, ~ l 
! 

Fraction 1, °Initia1 Bo:f,J.inq I 
Point.to l.76°C i .. I 

'fO Aroma.ti.cs lS.3% I . 
i I 

Py.ridi.nes l..l.% 
1 

Al.kanes 2.S% . i 
Ind.o1es 1.7% 

I . ! 15 

Pyr.ro1.es 1.1% 

'Tb.i.o-.-=.tes txaces_. 

Esters t:ca.ces 

. 

~ction 2r Boiling betileen 
I 

l.76 and 2670°C 

Phenol.s 3.2% 

Py.rrol.es 1% . 
.. 

I SuccinilD~de (~~ trace. 

Am.des traces I 
f 

'rhioureas traces 
I 
! 

Thiazol.es traces 
i 
l 

i 
Fraction 3, Boililig betvee.n· · 
260 and 4oo•c 
!to indi.v:i.d:na I COlnponents 
coal.d be identified. The 
response .indicates :most of 
the components have. the. .. 
general. c:llelllical. formul.a. Of 
~N and.~-- 'lhese. 
compO:llents are most l.ikel.y to 
have a. he:teroatom:Lc rinq with 
nitrogen and 
substituted·. 

ar:e · hig.hl.y 

~c::tion. 4:, Boil.inq hatWeen I 400 ~ 525°C · . . 1 
so 
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·Jro indivia.u.ai ca:mponen.ts 
coul.d be identi£ied; Common 
features with the l.of.ler 
boiling r.ractiollS suqqest 
.com:p1ex. lll01ecul.es· conta ini:Dq 
ni en and. ox;yqen. . 

. : 

-
Residue, Boiling hiqh.er than - ' s2s•c 

Th.is :fraction. could not be ! "c:hromatoc;ra.phed.. ! . 

' . ConsequenUy. Itis seen that the ~e studge-denve~ oil comprises a mixlw'e of sa1uraf:ed ~iphatic hydro-
carbons. monoaramatic ~. diaromalic llydrocat1)ons. .potyaromatic hydrocal'bohs, polar c:om­
pounds and bask;, pyrftjine-soluble ~d$. lalge paraons ofthe nftrogenousgroups ap~to be amine 

and amides with some pyricrlllic and pyn:crio types. Large portions of the oxygen containing giptips awearto 
becarbOxylieandamidetypes. The~sludge-dedvedoilhasthefOttowingtyplcalelement,afcomposilian: 

nilrog-en. about3.4% to about5% by welghl; oxygen. about5..8% ta about 6.9% bywetght; ~a~ 0.3% 
.lo· about o.8% by weight; hydrogen. abOut 9.7% 10about1o.4% byWl!!ighf;and camon. about76.9% to about 
79.8% by.weigh!. The sewage$1udge-derflled·oiis can be debydraled by d1stillarion. · .! . : · 

. Tue following standard test methods were used 'lbrdetenntning the properties ¢"the ~ltalt blerids, ao-
coming ID~ JnvenuOn. containing sewage sludge-derived al fractions: i. 

The.Standard Test Method tar Penelialion of BilUmil1aus MaferiaJs is ASTM D5-86.. l 
. . . I 

The Standard Teat M~ for Softening .Paintaf Bitumen {Ring-and-Ball Apparatus) Is~ D 3S.S8. 
The Sl:andaid TestMethod_fcir Effect of Heat and NrinAsphalUc Materials {lliin·Film OvefT~ ls ASlM. 

017~- . . . · I 
The standard Test Method foe Ductility of Bilmninous Mafmfars Is ASTM D 113-86. · . j . 

· . The Standard SpeQf'IQltion for Penetration-Graded Asphalt Cement for U• in Pavement Constru.ctlon Is 
. . . . . - . . ... ! . .~ . 

ASTM D 948-82. · i 
Thi;; sbmdard Test Method for Solubility of Asphalt Materials in TrlchlQIQethytene i's·.ASTht D 2042-S1. 
Standmd Test Method.far Kinematic VISCOS11:y of Asphalts (Bitumens) is ASTM D 2170-851 . . 

standard Test Method fotVISCOSi!;y of Asphahs byVacuunrCapillaryVisc:ometeris >3TM!o 2171-88. 
. . I 

The Standard Test Method for Separation of Asphalt into FourFrac:Uons is ASTM 04124-SG.. . . 
The S1andard definitions of terms relating to materials for roads ~d pavemenfs are siveh in ASTM DS-

~ . . I 
· . Stripping by static immer.iioa is described by Minisby al'Tran$p0rtati0n of Ontario (MTO).; 

The mamrials usedYM'8.~follaws: · · ! · 
o~anfradians ot:;rewaSestudge-derivecl o~ +150"'C. +250-C. 1-350'"~ -t400"C; shel(. ~·end Per;. 

m Canada 851100 Pen _grade asphalt.·and PetR:i Canada 150l2CIO Pen grade asphalt. ' 

The seWage sladge-deJived oils used have thecomposilio~ as previcusly described. i 
Cerf:ain·oonveno."onal anti-slripping agents.were also used as a compariSan. namely the fa'llawfng; . . . I 

• i . I 

1) NALctAD RL-2A i 
. I . 

NALCLAP RI..~ may be def"aned es follows: NAl.a.AD is the trad&.marlc of Alclt~ Inc. ifilr ir:s brand of 
asphalt antktripping agent. ltiS composed of heavy aromatic naphtha. ethylene glycol ~etb~ and 
fefraet~ pentaamlne. ltis a block. dearlhaz,y liquid with an aromatiC odour. Its specif'ic ~ty is 0.94 at 
~O. and iS ieported U> l>e oil soluble. . · ! · 

· · 2) AIX.'ZJNS O I 
I 

. . : I . . 
~e () Js the fmde-mark of Alkaril ~e~cars Ud.. for ifs~· of fatty hydroxyet" imid~~ne. 

__ ··-·--~-...,__. _ 12 · · I ._ . 
___ ,.. __ ...... i 
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. . I 
cawathemolecufe:sto be fiagmeatedand Ionized. lheionsof thedifferentmassfragme~afthe ccmponent 
~ detected electmnically. The pafl:em of fragmentation. as the ions move thro1.1gh a mage{die f"ietd is then 
used to idenlif'ytbe chemical flmclional groups of the component This is repeated for each foinponent ~hat 
is elutiedfinmthechromatographiccolumn.:rbepattemsof'theionfragmentsareveryweU iau?wnforChemicaI 
functional .groups ·and can be used fer both identfficationd and quantitative analysis. As tbelboting range of 
the frattion inaeaHS the identif"JCation Ofinc:ftviduai components becomes more difficult becciuse Of the com-

1 • 

pfe)'jlyoftheC01nponentsandthe decreasqfabmtyto resolve ind"ividual components by gas cpromatogiaphy. 
1'hesmnples ofsewagestudge-derfved oil werecharactemed byffrstdistllling to obtain 5~ons.suitable 

forgas chromafographylmass spedromelry analysiL Each of these fraction was then anaiy.t.ed lo determine 
the amount of each fi:md:ional type of component. 'The results are $hewn in the folloWing Table 7. where .the 

I 

c:oncenfration reported re~the amount of the component type in the parlicularhcfiori omy. 
. I 

. · ... 
.. . .. ··-· .... ·---· .. ·-·-·· ............. ···-··· .. . 

i 
! 
i 

! 
i 
I 

I 

.. 
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T.ab1e 7 

Components . concentration, % 

Fra.c"""...ion J.,. 'Xlli ti.al. Bo~ing 
Point to l.76 11C 

. 
' 

10 Aromatics 15.3% . 
J?yridines l..l.% 

AlkaneS 
. 

. 2.5% 

15 Dldo1es 1.7% 

Pyl:rol.es l..1% 

Thiocyana.tes· traces_ 

Esters traces 
. 

Fl:ac::tion 2, Boiling 
I 

~etween 
l.76 and 2670"'C . 
Pheno1s 3-2% 

Py.rrol.es 1% 

Succ:inimi4e ·(cca;,;ti0il trace 

30 
Amides l traces 

'rhi.oureas .. traces 

Thiazo1es traees 

Fracti~n 3.r Boil inq l;>etveen .. 35 

260 and 400"'C 

No·individ.uaJ COlllpanents 
cou1d .be identified. ·The. 
response i.Ddi.cates :most Of 
the cmaponen.ts· have.. the .. 
general. cb.emical..for.muJ.a of 
~N and .~1- 'nlese 
components az-e. mo&;t l.ikel.y_ to· 
have a heteroatcmic·ring with 
nitrogen and are highly 
substituted. 

·F~ction 4,. Boiling between I · 400 and s2s0 c . 

S5 
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No inclividua.i. co:niponen.ts 
cou1d be identified.; Colmaon 
features with the loTiler 
lx>il.i.ng fractions suqqest 
compl.exla.o1ecu1es containing 
nitroq.ren. and oxygen. 

. : 

-
.Residue, Boiling" hi9fler than . : 

s2s0 c 

Th.is fraction could not be 
c:hroma.togra.phed. .. . 

Conseqt.aenlly. it is seen that the~ sludge-derived oD comprises a mixtuce of saturated !'1Jiphafic hydro­
carbons, monoaromatic hydrocatbo~ ~ hydrocar!x>ns. polyaromatic hydtocamaps, polar c:oni­
pounds and basic. pyridine-soluble oompounds. Lalge portions of the nilrogenousgraups ap~to be amine 
and arniiies with some pyridinic and pyrrotTctypes. Lmge portions of the oxygen contailling g(cups appear to 

. . I . 
be~andamide types. The sewage sludge-derived oil has the following typlcal elemenffdcomposition: 
nitrogen, abouf:3..4% to about5% by weigh(; OX'J98l1o a:boul:S..8% fa about $.9% byweighf; sWfUr. a~ 0..3% 
ID about~ by-weight; hydrogen. abOut 9.7% to about 1o.4% byweighl; and carbon. about76.9% to about 
79.8% by ¥.leighL_ The sewag~ sfudge-derfved·ois can b8 dehydrated by distilla!ion. j . · 

. The following standard leSt methods were used "lbrdelennining the properties of the asp~t blends, ao. 
cording fO this irivenlion. containing 8e\Vage $1udge-derlved oil fraclfons: ! 

The Standard T~ Method for.~netralion ofSiluminous MateriafS is ASTM 05-86. . 
The Standard Test Method for~g Pointaf Bilumen {Ring-and-Ball Apparatus) Is~ D 38-86. 
The Standard Test Method fot ~ea QfHeatand Air in AsphallicMaterials (lbin-Film Ovef Test> Is AS1M 

01754-87. · I .. ! 
Th• Standard Test Method fcrOudmtyaf Bituminous Ma1srfals Is ASTM D 113-86. . I . 

. The~ Specif"ieation fotPene~edAsphalt CementfbrU. in Paveme~po~ctlcn Is 
ASTM D 946-82.. i ' 

The Standard Test Method for:SolubBity of Asphalt Materials in Trichlaroethylene is ASIM D 2042-81. 
Stsridard Test Method for Kinematic VISCOSl"l;y of Asphalts (Bifun'lens) is ASTM-o 2170-SSl . . 
StandaldTestMethodfotV1$COSityofAsphaDsbyVacuumCepillaryViscamelerisASTM!D2171-88. 
The Standard Test Method fOt SElparati'on of Asphalt info Four Fradions is ASTM 04124-:86. . . 
The ·Sfandmd definiti'ons of terms reladng to uiaterlals far roads and~ are~ tn ASTM OS.-

a ! 
. ! 

_Stripping by static immer.siQrr is described by Minislry of Tran$pOl"f:ation of Ontario (MTO).; 
The mafBrfafs used were as follows: ! 
D~onfradionsafsewagesludge-derived oils: +150-C. +250"C, -t-350"C,-t400"C; Shel~ Gulf. and Pet-

ro ~ 85f100 Pen grade asphalt. and Petro Canada 150/200 Pen grade asphalt. • 
:tne sewage sludge-derived airs used have the c;omposftions as previously descn'bed. i 
Certain icQnVentional an~ping agents were also used a:s a comparison. namely the "fttllawing; 

I 
I 

1) NAL.a.AD RL-2A ! 
i ! . 

NALClAD RL.-2Amay be def'"llU!d 2S follows: NAL.Cl.AD fs the frade.mark of~ Inc. 'forlts brand of 
asphalt anti-stripping agent It is composed of heavy aromatic naphtha. ethylene glycol monopthylether and 
tetraethylene pentaamine.; It is a block. d~ liquid with an aromatic odour. its specif'ic giiavity is 0.94 et 
25-0. ~ 1s reported to be oil so1uble. . I · 

. . I 
I 

i 
2) Al.KAZJNE 0 . . I 

. - I . . 
~E ~ is~ trade-mark of Alkaril Chemicals Ud. forib ~d of fatty hydroxyett\'Y' imid~ne. 
- --~---- ----------~ ...._ -- .. ·•··... , . I • 
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namely 1H-lmid~1-ethanol. 2-{8-heptadeceoyl}-4.5-di~. (Z}-; Czz.Ha.~ MW= 355. 
Chemlcal Identity · ' . ! 
~s~~JmldaZoline ! 
Olelc: amineethyl ethanolamide ! 

5 . etJv!ical state: Liquid . ! 
Appearance and odour: Amber. viscoUs raquid. Mid odour. · i 
Specific gra¥ity: Q..94. pH 10..0-11.5 (10% In D~W.) Density (g/Jni): o.94 Water solubirify; Dispetsmle in 

"water. l 
! 

10 3) REDICOTEAP i 
. i 

. I . 

REDICOTEAP ls the~ of N:;m CllemieaIS Ud. fot its brand ofas"phalt p~ agent. its char-
-acteristics are as follows: · · - · 
Initial Boill'ng Paint- >300°C>572°F@ 760 mmHg 

1!i Melting/Fntezing Point- -20-C ~ 
Spec:if'ic Gravicy" ~ = 1) 0.957@25-c 

· Water Vapor Pressure (ll1D1Hg) - <0.1 @.20-0 · ~-

SolubDity in Wat.er (1% by weighf)- lll&QIUble 
% Volatiles byweight~ ;.;;..1 

ZIJ ~pOratioa Rate- (ButyfacelatB . ..-1) ~ 1 . 
Appearance & Odac-Arrmer li.quld with a srightarom2Uc odor. 
Rash Point->.204-"C >400"F 
Test Method-PMCC . . 

· REDICOTEAP modifier is a catiOnicasphaltpeptization agent which.: when added to mdltBll asphaltim-
. . . . I : 

2S pioVes ttae emulsif"acation and aging properties dthe asphalt;REDICOTEAP modif"aet is adsOrbed by the as-
phaltene co~entofasphalr_ causing a:sphalieneagglomeratesto be l"&duced In size andtQ!be more evenly 
dislributsd thrwghoutthe continuous malthene pbase. . • 

PHYSICAL PROPERTIES 

Pour Point 50°F{10°C) 

Vi~cositY, cps @ 6.ooe 205 

Specific· Gravity @ 25°C 0·_957 

Wei.ght, lbs/gal. @ 2s0 c 
r 
i 
i 

.40 i . ! 
' 

4) REOICOTE 82-S 
i 

- i 
REDlCOlE 82-S ~ the-~of Akm Chemicals ltd.. for ifs brand oftallowalky(8fJ'l\ne. · 

lnfl:fsl Balltng Point-171°C@. 760.mmfig · ! 

WllinglR'eezing Point-O'"C I 
SpecCfic GravitY' <HP= 1) -0.84.1 @25-C I 
Wafer\f.aporPnsssUre. (rnmHg)-<t @20•c· .1 

SolubDity In Water(% By Weight) -lnsolUble 
Evaporation Rate -(Butylacefa.te = 1) < 1 
Appearance & Colour• AmtJerliQuid l'.rifh a petraleum solvent odout 
Flash Point- 89'"C . 
Test Method-PMCC 

The properties ofREDlCOTE 82:.s me as foUows; .· 
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Pour Point "C 

Flash Point;, ~artens. "C 

VISCOSity,, cps @ 60°C 

Wetght. lbslgal@ ~ 

· •. 1: •. 

. . _.:·I·:·· 

. ; This Sheet Has :B~c:r:. R,eplace,d< ·._ · · 

·· · ··' <nllllll ~1111111111 lllF :, 

0.3 

89.0 

56.3 

Opaque liqUi.d 

0..841 

7.00 

. l 

I 
i I . 

As a mmpari$On the following anli·sfrippingte$tdata Is plOVlded for treated asphaltceme~theld@.25o•F 
for4'weeks: 

REDICOTE 82...S % 

Asphalt type 

Aggragate Type 

lnftial Coating % 

Static Immersion Test (Madjf"aed). % stripped 

0..3-0.75 

85/tOOPen.. 

Limestone; quartz Mass. rhyolite; Penw. whttettaven 
I 100 I : 

approx. 1..G-7.0 
I . ! 

. I 
! • 

. The component type analysis afthe asphalt blends used Jn this Invention are shown on.the next page Jn 
. . I 

Table8: · . ·. · . I · · . I 
! 

· 1 

I 

I 
. i 

i 
i 
I 
I 
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F'igun: 1 ts a graph of the anti-6trippfng rests with raf2Tned coating In %. ~ ordinate and!
1
jS&wage sludge-

derived oil in asphalt. In%. as abscissa; . · · i : . 

·Fagure 2 is a graph ofthe staticimmeision sfripping tests with retained coating in%. as o~nate and blend 
of and-slrfpping agentas asphalt. in %. as absicissa; and ! 

I 

Figure 3 isagraphoftherefained coating tests with retained coating in% as ordinate, andiSDO in asphalt. . . "'- -~ . I m-~.as~ . . .. ·. 
. . i . 

I 
. i 

. . . I . 
The improvements in resistance 1D sfrfppfng, using JaitnesOn aggregate In et11ery case~ ~ illustrated in 

&amples 1 m·..f.. . i 
. I 

EXAMP.L.e 1 

I 
I 
l 
I . i 

. . i 
The raistance 1D stripping of an asphaltic composmcn of an aspec:tofthis tnvemion is suinmariDd in the 

bar graph designated Fr,gr.ue 1: · . I . · 
In.the tests above. the 17% sewage sludge4erived on was -t«JO"C; the 1% sewage sledge-derived oil 

and5%sewagesludge-deriVed oilwere+2504'C..As seen in the Figure 1, 1%. 5% end 1~ ol'~e\¥age-sludge­
derived oil was added to an aphaltcernentvihich ini6ally coated only 57% of the aggregate~ce after the 

2D . alripplqg test. With~ addition ol'thlit&eWage sludge-derived oil. (1%. 5".4 and 17% byweigbp the amount of 
coverage was aaised to 80%. 92% and 95%. iespediYely. In the case of +2SO"C sewage slupge-dei:fved oil. 
1% raised the coverage m 89% ·sn<f 5% .of sewage slUdge-derived oil rabed it lo 96%.. Arrurhmum coverage 

. ~-

50 

5S 

of.95% Is reqUjced by the~ afT1i111$portfor Ontario Protocol. I 
~2 .. . i 

. I . 
An. anti-sfripping~was~ outUsing Shell 851100asphaltwfth either+1SO°CeewagJsl'.udg~edved 

oft. ar~sewage sludg~ oil orALKAZINEOna. lhe graphical results of such anti~ping testis 
shown in Rgure.2. .. : : i . . 

The coverage of agg~ affel"the smpping fest for the aspJJaB: alone was 38"o. When p.1% ~!Jl_lt of. 
each of +150"C·sewage sludg~ oil and 260"0 sewage sludge-derived oi were added. the coverage . . I 
was ~d to 55% in both cases; 0-?% of~ sewage sludge-derived oil fi"acti~ in~ it to. 74%; and 
1% increased itto 90%-2% addilion of the +150"Csewage sludge-cterfved oil incmased cav~e to 95%. 5% 
addition of both sewage sludge-derived oil 1i2ctions inc:::reased covetage to S9. and 97'°.4, eornP,artson V'fth the 
.c:ommen:ial anti-stripping agentALKAZJNE Or.tat 1%. shows that Such commercial anfi.sbipPing agent was 
·notes effective as the sewage sl~erived oil fiacfioQS. · ! 
EXAMPLE.3 . . I . 

Stalic ~n stripping t.ts were cmrled out using a blend of P~ caOada;. Gurt ~d Shel~ 8511~ 
asphalts with ad'feientblending agenfs. namely two kini;is of sewage sludge-derived oil. Al..KAZINE Oyy. RE­
DlCOTEAPn, ~d. REDICOTE 8Z-Siu- vs. retained. coating. 

The result$ are SURUlldli;ted rn iimte 9 and in Fig~ a. 

: r 
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Stripping by Immersion· Test 
. I 

i 
I 

i 
i 
I 

Asphalt Blend Retained Coati~g (%) 

I. 

Gulf 8!5i100 0% SDO ~a· 
1% soo+2soc I 

80 
5% spo+2so-c I . 9~· 
17% SD0+400C 9,6 

I 
Shell 85/100 0% SDO i 

5~· 
1% SDO +250C 9-0 

.5% soo +250C ·9y 
I 

I 

.. 
SDO = ~wage sJ.udqe-1ierive.d oil 

. . 
As seen in figure3,, +1~Csewage sludge-derived oil. from Hamilton. Ontario and frgm tr19htand Creek. 

"" ontalio. J.e .. trom cflffetent souices. is compared wil:h ~ C:ommerdal synthetic ~ping ~ 
Thesesewagesludge-dedved di samples bad lower nilJogen contents and consequenllywecejnotquil:a as ef- · 

fective as the Atlanta. Geolgiase'Wage sludge-derived oil qf the~ tests: : 
·I 

i 
I EXAMPLE4 
I 

I . 
-Retained coating tests ""91'8 carried out on. asphsltic compositions of Petro Canada 1501200 asphalt ce-

ment. Jaimeson ~andf"ive evaluations using +1~sewagesludge-derived oD.. ~complete dara 

and other cormtefdal esPhalt cement blen~ with both Uwage sludge-d~ed Oil and ou+ anklri~ing 
agent is shown an the nm~es in Tables 10 and 11. l ·. 
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As seen in these tables. theaddmon of amkfripping agents ta asphalt,;· since. they are g8nerauy Of much 

lowervlscosilyi:han_the asphalt, ina:eases the penefrafiOn. This mighthaVethe advantage or~:the use 
o( somewhat harder asphalt but fs cf&SadvantagoUS for softer asphalts that are near the lirnllS of pen~tfon 
and 'Viscosity specif"ICCdions.. ! · · · . 

Thete appears to be no problem with meeting 1'ICl$h point requirements event for the t1so•c sewage 
sludge-derived oil up io the 5% addition level for the 851100 ~d 150/200 aspbaHs.. i 

EXAMPLES i 
I . 

The sewage sludge-derived oif addifion up fD the 5% level does not appear lo low~the kuctililies Of the 
asphalt In fact. in one case. if.even improved it even.afterthe 1lJin-Film OVen Test.. as shownlin Tables 9 and 
m ! 

I 

i EXAMPLES I 

I 
· The compatibjlity of ,seYiage-sludge derived ojt ~heavy residual maferials has been -essed. Sewage 

sludge-derived oil was"added to high mnvemian hydro-Cracking pifdt (S.P..111*C) and to ~OSEru 1esrdue 
(S.P.15SoC) in equal proportions,; heated until Rquid and~ mbced... j 

A description Of the characteri'sfics of the ~etred-lo CANMET hydroaacking pilc(i is as ~ttoWs: 
Very heao.tY. material Typie:alty 50 - 80% Asphi.ilfenes. . . · i . . . . 
Asphaltene content;YariesWith the feedSfcckand the conversion ralese1ected for-the ProPess· (See U.S..-

Patent NQ. 4;683,005 July28. 1987 M.A. P~. . i 
Adesc:riptfon.Qf the chal'actedstics of' the~ ROSEm 1'8Sidue is as follow~ 
Residuum Oil SUpercriticaJ ectracfion (ROSErul pmcess by the phen0mena of aupercnuc+t solub~ity sep. 
~ asphaltan.S from hea.Vyail ~using~ butane Solvent The characteristfcsprthe pitch-Yiill 
vary acc:ordfng io ~he feed stock used and solvent. ihe ROSEnt residue had a softening pofnt of 158°C.bUt 

.· t.yp!cally_very high In asphaftenes:.R& B softening Pt. 80-1009C . 

Zoo-400 .c:St@200"C 
. . 

10CHS00Wppm (high) 
.30 

An aged Athabascan asphaltene rrac:tion was similarly frealed with twice its weight of sewa,ge Sludge-. I . . 
~oil. . . ! . 

3$ . In the case of the hyd.rocracking pildJ and the-ROS~residue blends. the materials ap~ tod"ISSOlve 
c:omplefelyinthe sewageslud~ oil. In the case of the ~lenes. there 8?Peared tY be onfya ~ 
small portion of skin-like n1atedal"tl~did notd~fn the sewage &fudge-derived oil. ThiS ~ an:iount of 

50 

insoluble ma:tedaI probably was due iD cxidation of the asphaltene fi"acfion on ageing. i ' 
The inDdwes werevesyviscaus. on caaling. butna ph8se separation could be detecfed. even after several 

months. . . . j . 

lndusfrlal AppJicabilily 

I 
I 

! 
. i 

I 
. . I : 

. The sewage.sludge-derived oils have been shown fD be desirable asphaltaddilives.. S-snceiasphalthas in-. 
dustrial applicability in paying_ of mads. the indusbi2l appli~ility of the present invention ~ides in the im­
provement of ilSPhaltpavlng m;1farials by·fmprovements in anfi..sfrlppfng and adhesion chara~cs:; 

.It ls· bdieved that the &ewage 6ludge-derived oil has an aff"inity for heavy asphaltic ma~rials. and they 
ace cpnside{ed to be~ agents fQr the asphaltenic miscible ftadions in asphalt. i . 

lUs farther believed ~the asphalt cCmpasitions of this inventi0n _nla.y'b8 used as a ~ns forwater­
prgof'sng wood, c:onctete. oiganic doth «fibres. steel articles and sol.. The sewage sludge-derived oD would 
_be expected tD ~adhesion. . . i . 

i 

·: 
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Claims..... i 

i : 

1. AbitumlnouS coating composlUon including an asphalt. e.g •• bitumen. asphatt«crude ~dwm Corlt!dn­
ing_ asphal~ and ~ efl'edive amount. e.g ... fimn about O..~% ~about~% by~g~~ of a n\bl>gen­
containing, adhesion-impra.jng, ~pping agent. ~eter2ed m that said agent&S a'ewagesfudge-

• ..... ·---...... ~J- .... --

-deliVedoil.era~thereof,,saidsewagestudge-derivedoilcomprisingamixfmeof~aflPhatic 
hydroc:arbons. mol108l0&1aafic hydrocarbons. diaromafic hydrocarbons, polyaromatic h)dn:icarbons. polar 
compounds and ~c, pyridine-soluble compounds haVing thefoUowing elemenml ~n:nftrogen. 
about 3..4% fD about 5'% by weight· mweri. about 5.8% ID about 6.9% by welght sutrur.!aboUt Q.3% to 
about0.8% byweighl;hydaogen. about9.7"/G fa about 10A% by weight; and catbon. aboutT6.9% 1D about 
79.8% bywelght. i 

i 
2. A bituminous pavkig c:omposition indud"mQ aggregate, an asphalt. e.s- bitumen. asphalfi or crude resJ. 

duum containing asphaftenes. and an effective arrmunt, e.g., from about0.1% to about~ by weight. of 
a nitrogen-c:ontaining, adheslon-fmprovfng~pping agent. characterized in that said ~ent is a sew­
age sludge-derived oil, or.a fraction thereof, said sewage sludge-derived oil comprising a~ Of satu­
.riltedaliphalichydrocarbons. monoaromalic~os. diaromafichydnx:a11>ons. ~matlchycfl'o-. 
CC?d>ans, polar compounds and basi~ pyrid"ine-&Otuble compounds. having the following E!fementaJ com­
~tion: na"lrogen, abou1:3.4% ta abou1:5% bywe'fgfd; ax;ygen. about5.8% to aboutS-9% ~weight;~ 
abaut0.3%to abouto.8% by~ hydrogen,about.9.7% to about10..4% byweightiut~carbon; about 
76.9%toabout79.8% byweight. I · 

a: An asph21tcomposifion induding an ~~ccement. and an effective ~un~ e.g .. fl±= fD 
about 8% by weight, of a nftrogen-c:onfaning. adhesion-impcoving, antH:mipping agent • in 
thatsaid agent is a sewage sludge-derived oil. ara iiadion thereof, said ~e sludge-dertved oil com. 
prising a mixture of.salurab!d alij,haUc hydiocarlxxa$, manaaromafic hydrocarbons .. aianx+auc hydrocar­
bons. polyarornafic hydrocarbon$". polar. compounds and basic, pyridine-soluble compaurd:ls, having the 
followingelemen!St campo$ition: nifrogen. aboUt3.4%to about5% byweig°ht; OX;YSen• ~5.8% .0 about 
6.9% by~ht;sulfur; eboutD.3%. ID about0.8% by'Wefgbl:; hydrogen. about9.7% to ~ut10.A-%. by 
weight. and carboa., abcut78.9% to about79.8% byweighl · l 

I 
. I 

A.. "rhe caating cxxnpoeiion of daims 1. 2 or 3 diacaeterized in that said sewage sludge-dem1ed oil lias the 
I . 

fpllowing elemenfal compastian: nifrogen. 3.42% m4.95% byweight; ax;ygen, 5.84% to o.qs% by weight; 
sulfin; Q.34% to 0..83% byweighf; hydrogen. 9.70% to 1<J.4:4'Xi;;an<I c:arbon. 76.92% to 79.7;-6% byweight. 

. . I 
5. The composition of daimS-1, 2, 3 ot 4 characterized in that said effeclive amount of~ nitrogen-con-

taining. adhesion-improving, anti-stripping agent is fiom about 1% to abaut5% by weight.! 


