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SLUDGE™ 5 The present -invention pertains the fieldof acid '
sl udge disposal and in particular to a process for ()ggh |d_ E;
sfudge by converting the acid sludge - into a us

specifically asphalt. 10 Because of the huge volune of used
crankcase oil fromvehicle engines and it he oil shortage, an oi
recycling industry has grown up. In the prior art, oil recycling
generates a toxic, byproduct called acid sl udge. The vol une of acid
sl udge generated in the 15 recycling process is approxi mately 20-30% of

t he vol une . of the waste oil input. In the prior art, this acid
sl udge was dunped. Howeve® _BERO R REENG| ACID S i ns many

heavy netal s and other toxic conpgynfigrerMepYATehsdtipgiar nful 0 the
environment, Further, acid 20 sl'udge 1s not bl odegradable. Yherefore a

need has arl sen to process the acid sludge to either elimnate it or
convert it to a usefmheppedsgent invention pertains to the field of acid

sludge disposal and in particular to a process for
disposing of acid sludge by converting the acid sludge
into a useful compound, specifically asphalt.

10 Because of the huge volume of used crankcase oil
from vehicle engines and the oil shortage, an oil
recycling industry has grown up. In the prior ert, oil
recycling generates a toxic byproduct called acid
sludge. The volume of acid sludge generated in the

15 recycling process is approximately 20-30% of the volume
of the.waste oil input. In the prior art, this acid
sludge was dumped. However, it is very acidic and it
contains many heavy metals and other toxic compounds

‘ whlch are harmful to the env1ronment. Further, acid

20 sludge is not blodegradable. Therefore a need has arisen
to” process the acid -sludge to- either eliminate it or
convert it to a useful product.

. Due to thé substantial ‘environmental concerns
relating to acid sludge disposal, it is deemed desirable

25 to have a process to convert acid sludge into.an
intermediate sludée that can be used in the same manner
in which bituminous compounds are‘used to produce
asphalt. Such a process would have far reaching economic
and environmental importance; Specifically, the

30 environmental and eeological pollution which results
from acid sludge disposal would be reduced.

Acid sludge is a waste product produced by waste
oil re-refineries. In the process of re-refining waste
oil, one of the goals is to achieve an oil having the

35 qualities of virgin oil.

One method of refining used oil to the quality of

near virgin oil requires treating the o0il with sulfuric



Rxie tq the substantial environnmental concerns relating to acid sl udge
di sposal, it is deemed desirable 25 to have a process to convert acid

sl udge into an . internedi ate sludge that can be used in the same manper
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acid sludge. The g8hd $hudpprefinh®e13"8s by volume of 98% sulfuric
acid and has a pH less than 2 and typically a pH of 0.1.
10 Conseguently, this acid sludge is-highly acidic, is
considered toxic, and is not biodegradable. Disposal of
this sludge is increasingly regulafed by the
environmental protection agencies of most federal and
state governments. In addition, during these re-—
15 refining processes, large volumes of acid sludge are
- produced. The volume of acid sludge produced is
approximately 0.25 gailons per gallon of used oil. 1In
the years preceding 1980 this amounted to over 2 million
tons of acid waste per year. Today, the volume of acid
20 sludge may even be greater, but this is unclear.:
Traditional methods of acid sludge disposal are
landfill, incineration, acid recovery, neutralization
and disposal to water. These disposal options have a
number of drawbacks. For example, as much as 30 to 50%
25 of the acid sludge is water soluble. Therefore if the
acid sludge is disposed of in a landfill, components of
‘the sludge can leach into the water table and cause
hazardous health conditions. 1In addition, incineration
and neutralization of acid sludge produce toxic gaseous
30 emissions to the atmosphere. These emissions include
sulfur and sulfur dioxide which are leading causes of
acid rain which is causing great damage to Canadian,
English and Scottish forests. Acid recovery from the
acid sludge is too expensive on the small scale and the
35 high transportation costs make justification of a
centralized location very difficult. Finally disposal
to waste water can only be practised where high volume



;s regoved. In this used oil refining process, the acid sl udge is
approxi mately 5% by vol unme of 98% sul furic acid and has a pH less than
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fail to use significant amounts of the acid sludge and,
15 consequently, they do not significantly decrease the
amount of acid sludge in existence.

According to the present invention there is
provided a process for converting acid sludge to
intermediate sludge for use in the formation of

20 bituminous compounds, comprising:

altering the pH of the acid sludge by adding a
material having a sufficient pH, so as to raise the pH
of the acid sludge to at least a level such that the
acid sludge does not become sandy and will still melt at

25 elevated temperatures, typically about 190 degrees
centigrade, but not so high that the acid sludge Becomes
sandy and unmeltable at room temperature, thereby
creating an intermediate mixture comprising a layer of a
more acidic material and a layer of intermediate sludge

30 having a higher pH than the acid sludge and having a pH
generally in the range from 3-7, and

separating said layer of a more acidic material and
said layer of intermediate sludge. )

Generally any agent may be mixed with the acid

35 sludge to raise its pH, although there are some
restrictions. Generally, the preferred agents are

water, acid of a higher pH, or weak or strong bases and



+8- 2+ waste water treatnent facilities are available for di lution.
These “tradi tional methods of disposal are very detrinental to the
environment. In addition these 5 traditional nmethods are beconing nore
and nore costly as " the regul atory reguirenents governing themincrease.
There are prior art processes which conbing acid sl udge wi th ot her
conpounds to produce asphalt. (Schnei der U. S. Patent Nos. 4,238,241
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sludge to 200-270 degrees centigrade, preferable 230
degrees centigrade, and blowing air through it for

10 approximately 10-20 hours. The air flow rate is
preferably'so cubic feet per minute. Higher air flow
rates or higher temperatures shorten the time necessary
to produce "blown asphalt". The preferable penetratidn
number indicative of the desired hardness of the

15 resulting asphalt is 6-15.

Some embodiments of the invention will now be
described by way of example and with reference to the
éccompanying drawings, in which:-

Figure 1, is a schematic diagram of the conversion

20 process of an embodiment of the present invention,

Figure 2 is a process flow diagram of a process
according to an embodiment of the invention using a
liquid pH alteration agent,

Figure 3A is a process flow diagram of a process

25 according to an embodiment of the invention to convert
acid sludge to blown asphalt using a solid pH altering
agent and including a liquid wash step, -

Figure 3B is a process flow diagram of a process
according to an embodiment of the invention to convert

30 acid sludge to blown asphalt using a solid pH altering
agent,

Figure 4, is the schematic diagram of an
alternative embodiment of the conversion process in
Figure 1 wherein the contacting step is enhanced through

35 agitation,

Figure 5, is the schematic diagram of an

alternative embodiment of the process shown in Figure 1,



gaterial having a sufficient pH so as to raise the pH of the acid
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asphalt.

Referring to Figure 1, there is illustrated a

10 process for converting acid sludge into an intermediate
sludge.which can be converted by known methods into an
asphalt mixture. The process will enable acid sludge td-
be utilized in a useful manner and will eliminate the
need to dispose of it with all the attendant problems.

15 The process comprises: providing acid sludge, symbolized
by step 10; contacting the acid sludge with an agent to
increase the pH of the acid sludge, such as a liquid or
solid of sufficient pH so as to produce a mixture which
is both nongranular at room temperature and nongranular

20 when subjected to heating as symbolized by steps 12 and
14 in Figure 1; and separating the pH altering agent
from the mixture, as symbolized by steps 18, 19 and 21.
These two steps of introducing the pH modifying agent
and contacting it with the acid sludge create an -

25 intermediate sludge which is useful in the production of
asphalt.

The starting material for the process of the
present invention is acid sludge that is generated in
the process of re-refining used lubricating oil.

30 Generally the acid sludge is a byproduct of the re-
refining process resulting from the addition of. sulfuric
acid and clay to the waste oil. The sulfuric acid
sludges are difficult to define chemically, but
typically they can contain sulfuric acid esters,

35 sulfonic acids, salts of nitrogen bases, resinous and
asphaltic materials, sulfur compounds dissolved from the
oil, hydrocarbon polymers, condensation products and



sfudge:to "blown asphalt” is known in the prior art. Generally this
process invol ves heating the internediate sl udge to 200-270 degr ees
centigrade, preferable 230 degrees centigrade, and blow ng air through
it for 10 approximately 10-20 hours. The air flowrate is

preferably 50 cubic feet per minute. H gher @ix flow rates or higher
t enperatures shorten the tine necessary to produce "bl own asphalt™

The preferable 8&&%&&%6%;1. THEThmp Kl £P6h Wearies heitihsthednhsuteess

f th | h
Cnvention wil| AwthE o1T Hredtiah 1%@#%%@&9&?%5%3%9 ERBRPE, once

to the accsgpaageng drawi ngs, in which:- Flgure 1, is a
schematic di agram of ge a%qwgﬂaa;é Zhat PLOERS StapLiAEDALLERIION he
present invention, process flo I agr am of, a

process 5 acthedpwgSﬁmthnﬂﬁﬁﬁﬁrﬁﬁﬁ Qﬁ %%bd|ﬂ¥%99?oﬁr8§|ﬁgya°l

liquid pH al ter gLieqR i3 Yrocess that WEflifedfabsda ponsesilf rew diagram
of a process 25 accordlng to an, e gﬂ* %ft of the_iLnventi Qn to onvert
acid sludge to BRSARIRGPHACERES nif £ LeTEFEARINg © aé‘@r?t and

including a ||th%eﬂ%§hlﬁb¥lcat1ng oil FigaustBBalsoa antoeet iMedw di agr am

2ci d O udge to BASRTTRSATAYY 1JiHe 4000 FEGeS phlifa, BYoah dsd AN 50
Figure 4, 18 thé&hathaeret |hBecha:gnaanbémmrarY haldéngaplt—eoéf r?e‘lrhe-of t he
COnversion process diflyyy +Hd Wfa };M& & Riihenso8t aChun rSlagibuts enhanced

t hrough 35 agi tation, 5, 1s the schematic diagram of an
alternative enb@mdnﬂﬁynﬁcﬁlﬁy{N%%k%shéﬁﬁmﬂ PH efglrd-1, .

It is desirable to convert the acid sludge into a
higher pH intermediate sludge to make it useful for

15 formation of useful end products such as "blown
asphalt". "Blown asphalt" is a particular species of
asphalt having significant commercial value. The
process to make this asphalt requires heating to a high
enough temperature so as to remove agueous components.

20 Unfortunately the level of heat required will

‘ immediately turn acid sludge having a pH of
approximately 0.1 into a sandy mixture which will not
melt. Such sandy mixtures are not useful in making
asphalt.’ '

25 Therefore, according to the teachings of the
invention, the pH of the acid sludge material is
increased by contacting the acid sludge with a pH
altering agent to raise the pH to a level such that the
sludge will not be granular at room temperature nor

30 become granular upon heating. Figure 2 is a process
flow diagram showing the preferred process for
‘converting acid sludge to blown asphalt. The process
comprises the steps of: raising the pH of the acid
sludge by contacting it with a liquid pH altering agent

35 having a pH preferably from 3-7 as symbolized by step
23; separating the resulting liquid pH altering agent
and intermediate sludge layers as symbolized by step 25;



59 s wherein the contacting step is enhanced through heati ng, and
?lgure 6, is the schematic di agram of an al ternative enbodi nent- of the
process shown in Figure 1, 5 wherein the contacting step is enhanced

t hr ough agitation and heating and further detailing the process

'steps to convert the internediate sludge to bl own asphal t.

Referring to Figure 1, there is illustrated a 10 process for converting
acid sludge into an internedlate sl udgé Which can be converted by
known net hods | nt hal t tur The process w.ll enahle acid
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whi ch si S BQth nongranul ar at room tenperature and nongranul ar 20
when subjected to heatlng as sgnbollzed bx steps 12 and
he step of raising the of the acid sludge is

symbolized by step 23. Preferably the step of raising
the pH is performed by contacting the acid sludge with a
liquid having a pH significantly higher than 0.1, and

10 preferably higher than about 3. In other embodiments,
the agent used to raise the pH can be a solid. The
preferred agent is water which is mixed with the acid
sludge to serve the function of increasing the pH
thereof to a level sufficient to prevent formation of

15 granules upon heating but not raising the pH so high as
to create granules at room temperature.

The pH of the pH altering agent utilized in the
present invention bears a functional relationship with
the acid sludge. If the pH altering agent has a pH

20 which is too high or if too much pH altering agent is
added, as indicated above, the acid sludge will become
granular at room temperature. On the other hand, if the
pH of the pH altering agent is too low, the sludge will
become granular when the temperature of the mixture is

25 elevated. Accordingly, the pH of the added pH altering
agent must be sufficient to cause the pH of the acid
sludge to increase to a pH in the range of generally
from about 3-7.

The liquid pH altering agent can be selected from

30 the group comprising water, inorganic liquids, organic
liquids, and dilute acids or bases. In particular, the
PH altering agent can be selected from the group
comprising: dilute strong acids, weak acids, salt
solutions and dilute bases such as: lime, ammonia,

35 caustic soda or soda ash and the like. Preferably .the
PH altering agent is of pH in the range of from 3-14.
Most preferably the pH altering agent is water. Some of



34 in.Figure 1; and separating the pH altering agent fromthe m xture,

as synbol i zed by steps 18, 19 and 21. These two. steps of introducing
t he pH nodi fyi ng agent and contacting it with the acid sludge create
an 25 i ntermedi ate sludge which is useful in the production of
asphal t . The starting materi al the process of the
present invention is acid sludge that is ge erated in t he process of
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The amount of pH altering agent will be that quantity
which is necessary to remove or neutralize the residual
10 sulfuric acid in the acid sludge and thereby increase
_the pH of the acid sludge to a pH sufficient to meet the
functional granularity requirements stated above,
generally in the range of from 3-7. Thus, the amount of
the pH altering agent, like the pH of the agent, is
15 situation dependent. For example, if the pH altering
agent is water, the volume of water should be
approximately 3 to 7 times the volume of acid sludge.
Oon the other hand, if the pH altering agent is a caustic
liquid, i.e. a liquid having a pH greater than 7, less
20 pH altering agent will be required. '

Since all of the components of acid sludge are not
soluble in the liquid pH altering agent, the liquid pH
altering agent and acid sludge will not form a
homogenous mixture. In the absence of agitation, the

25 liquid pH altering agent and the acid sludge will form
two layers. Therefore, in the process of the present
invention, after the acid sludge has been sufficiently
contacted with the pH altering'agent, the liquid pH
altering agent and the acid sludge will separate and

30 form two layers: a liquid layer and an intermediate
sludge layer. The sulfuric acid and other water soluble
components of the acid sludge starting material are now
present in the liquid layer.

This liquid layer is removed from the acid sludge

35 and disposed of as symbolized by step 18 in Figure 1 and
step 25 in Figures 2 and 3A. Processes by which the
acid liquid layer can be removed from the acid sludge



37 thespresent process can be acid sludge fromany oil refining process
Phat utilizes acid. One oil re-  refining process is acid-clay .
re-refining of used m neral lubricating oil (industrial or autonotive).
Al ternatively, the acid sludge could be an acid sludge 10 that has been in
a tenporary holding pit or the Ilike. Generally the acid sludge w |
have a pH of about <3 and, typically, w!ll have a pHof 0.1

It is desirable to convert the acid sludge Tnto a hi gher pH
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The pH of this watér can also be measured by using a pH
test paper covering the full range of pH from 1-14 or by
15 using a pH meter.

Figure 3A is an alternative process flow diagram
wherein a solid pH altering agent is used. Typical
solid pH altering agents include lime, caustic soda,
soda ash and the like. The solid pH altering agent is

20 contacted with the entire surface area of the acid
sludge in the same process as the liquid pH altering
agent. However, when a solid pH altering agent is used,
there is not a free liquid layer as there is when a
liquid pH altering agent is used. When solid pH

25 altering agents, such as caustic soda, lime, etc. are
used, they react with the sulfuric acid to form salts
and water. Therefore, after the solid is added, the
mixture is washed (step 32) with liquid, usually water
to remove the residue formed by the solid and then this

30 liquid is separated (step 25) from the acid sludge.
After washing and separating, the process of Figure'3A
proceeds in the same manner as the process of Figure 2.
Alternatively, after solid pH altering agents are added
to the acid sludge, the resulting mixture may be heated

35 ~as symbolized by step 29 in Figure 3B without undergoing
the washing and éeparating.steps symbolized by steps 32
and 25 in Figure 3A. Thereafter, the process of Figure



gnd ingternmedi ate sludge | ayers as synbolized by step 25;

27- * heating the internediate sludge (21) to a tenperature . between
200[err] C and 275[err] C as synbolized by step 29; and, - oxi di zing the
lreat ed internmedi ate sludge until the penetration nunber reaches 6-15,
as symbol i zed by step 5 31 The step of raising the pH of the
acid sludge is synbol i zed by step 23.- kgeferably the step of raising
the pHis performed by contacting the acid sludge with a | i qui d havi ng
a pH signifi cariB yphogeedst hantbel samed mbfinepr afserthie progles ohahighost 3.
I n ot her enbodi4gents, the agent used to raise the pH can be a solid.
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step 22 in Figures 4-6. Agitating the pH altering
agent-acid sludge mixture will increase the degree of
contact between the pH altering agent and the entire

10 surface area of the acid sludge. The agitation should
be sufficiently adequate so as to disperse the pH
altering agent throughout the acid sludge. Some
agitation processes include mixing, stirring,
dispersion, vibration, shaking, milling, rolling,

15 blending and the like.

In another embodiment, the temperature of the pH
altering agent-acid sludge mixture is elevatéd dufing
the step of contacting the pH altering agent with the
acid sludge as symbolized in Figures 5 and 6, by step

20 24. Acid sludge is very viscous and will not readily
mix with the pH altering agent. Therefore, the
temperature of the sludge can be elevated, at least
during the interval of adding pH altering agent and
contacting, to ease mixing thereby increasing the amount

25 of acid sludge surface area with which the pH altering
agent is contacted. Although the temperature is not
critical, best results were obtained using a temperature
greater than 100 degrees centigrade and preferably 190
degrees centigrade.

30 Referring to Figure 6, there is shown a process for
converting acid sludge to blown asphalt. The process of
Figure 6 comprises: providing acid sludge (step 10),
contacting the acid sludge with a pH altering agent
(steps 12 and 14), agitating and heating the pH altering

35 agent-acid sludge mixture (steps 22 and 24), separating
the 'liquid pH altering agent layer from the intermediate
sludge layer to remove the liquid (step 26), heating the



20 which is too high or if too nmuch pH altering agent is added, as

i*ndi cdt ed above, the acid sludge will becone granul ar at room
tenperature. On the other hand, if the pH of the.pH altering agent is
t-oq | ow, the sludge wl| become granul ar when the tenperature of the
m xture is 25 el evated. Accordingly, the pH of the added pH altering
agent nust be sufficient to cause the pH qf. the acid sludge to
increase to a pHin the range of generarlfj"' from about 3-7.

The liquid pHaltering. agent n.b I 3 | Si

T L T L

In particul ar,200e275 degreabt eenhygugdat Lo abe inglegyadd framn 24re2@r oup

Conpr's'ng:‘ﬂﬂéﬁféstéﬁﬁg §§5gsgeﬂ9a¥a%§h§5an&ab&idiziﬁaﬂﬁﬁéOns and dilute
I'nme, " a nra, 3

bases such as:’ r causti € soda or _.sqda ash and the Ilike.
Preferably theintermediatecsingoggEnt tP¥mopnyASPhalid G Fgewre fh¥Hm 3- 14.

Most prefQ%am%$ﬁﬁfiﬂ§{&iiethﬂguéﬂe&heihé&ﬂé@ﬁmﬁﬁﬁﬁréﬁ preferably at a
agent ar ettﬁatcrgéggﬁt’%irlégtﬁléﬁér gﬁkgg ?&ggé\ﬁ@it‘\%‘ea errg];’fg)rrigé‘gﬂ"‘]iz ’%ﬂ} e

: minute per tonne) (step 30). The oxidation continues
until the penetration number is in the range from 6-15
and preferably from 8-10. The amount of time this takes

10 depends upon the temperature.selected and the rate of
air flow through the intermediate sludge. For example,
air blowing for approximately 10 hours at a temperature
of 250°C and an air rate of 50 cubic feet per minute
(1.4m° per minute) will generélly result in an asphalt

15 mixture having an approximate penétration of 8 when
measured at 25°C, 100 grams and 5 seconds, a R & B
softening point of 100°C, and a flash point of 250°C.
Higher temperatures or higher flow rates result in
shorter intervals. |

20 The purpose of the'pH modification steps 12 and 14
are to avoid granularity problems which would prevent
the melting necessary to form asphalt. The purpose of
the heating step 28 is to drive off the aqueous
compounds. The purpose of the oxidation step 30 is to

25 make the resulting asphalt more brittle.

In a preferred embodiment, the steps 28 and 30
comprise raising the temperature of the intermediate
sludge to 270 degrees centigrade, and blowing air
through the heated mixture at a rate of 150 cubic feet

30 per minute (4.2m° per minute) for 10 hours.

Asphalts are graded according to their penetration
number and softening point. Typically soft asphalts
have penetration numbers of 60-150 and above, and hard
asphalts have penetration numbers of 4 to 20 or 25.

35 The resulting asphaltic mixture of bituminous
compounds and chemicals can then be used in a mumber of
applications. For example the asphaltic mixture of the



The ampbunt of pH altering agent required in the 5 process.of the present
invent'ion will depend upon the initial pH of the acid sludge, the
~amount of the acid sl udge and the pH of the pH altering agent being
Used. The amount of pH altering agent will be that quantity whi ch
is necessary to renove or neutralize the residual 10 sulfuric acid in the
aci d sludge and thereby increase the pH,gf _the acid sludge to a pH
sufficient to neet the functi onal granu}arity requi renents stated

above,  genepglelsert el @ &infb@Mided:. idNtRe bPEaaBRYBH @F soft! he
pH al tering agent, .|ike thFfH of the agent, is 15 sjtuation, dependent.

For exanple, if9oFh&a59 AsRhalss. wateraproeEing: cFustnRTGYLNE2O8: WRPSAT
ahoulhd beh ] bdaméf mf,t aindéj:écmﬂiﬁgnasndéﬂa{piﬂgewf uﬂdéd’s&latld.@qé

the other hapd,, i.f the pH altering agent_js a caustic, . _qui i.e.
21 qui o navi ngPxiping SRdpAIACIAdY, B ot Tol, CERI AL 1ape PaRteE Yoe
required. 5 sealalith@ndlpaving waterpabent shopartidulhrdyebenefictial
sol ubl'e in the h's%”'d% @i?'ﬁﬂﬁmﬁ'ﬂm&@%mé&ﬁn&'ﬂ%&u&éﬁ by il ke phageagent
and acid sludge wll not forma, honogenous™ m xture. fn the absence of
agitation, the 2% the Rl ol h3mgtageprmanchard asphadkyadatyne. f orm
two | ayers. Thengf ¢faaitibn herws oLeesrRéaif€e PERSAGE couldl BéeRlbaR tf ter

the acid sludge h been sufficiently ont act e fth the pH altering
agent, the quuﬁ?%%ﬁasghal%tEﬁi% QgEhe §ﬂgttﬂ§pgﬁgame58&€”mjll separat e

and 30 faomtwo layers: a liquid layer and an internediate sl udge
| ayer. The sulfuric acid and ot her water sol uble conponents of the
acid sludge starting material are now present in the liquid |ayer.

This liquid layer is renoved fromthe acid sludge 35 and di sposed of as
synbolized by step 18 in Figure 1 and



step 26 in Figures 2 and 3A. Processes by which the acid liquid | ayer
can bé renoved fromthe acid sl udge

-9- i ncl ude decanting, suctioning, separating and the like.
process of contacting the liquid pH alteration agent with the acid
sludge followed by liquid |layer renoval is continued until the pH of
the acid sludge is generally 5 in the range of from3-7. The pH of the
resul ting i ntermedi ate sl udge can be-mddstred via the strong acid
nunber. The netgﬁgg for perform ng strong acid nunber measur enent are
wel | known by t illed in the art. A standard test nethod can be
found in the 1980 Annual 10 Book of ASTM Standards D974, part 23,

Pet r ol eum Product s brigca i d res strong acid
nunber by p'aciﬁblgﬁgg%p eféf ?ﬁﬁvﬁg?%ggrg§§§ ngggglgﬁg wat er .

The pH of this vdttarnediate sbedgeaforecuseyinsthg fopmation pést paper

covering the fulyi thantfoes é&hﬁéﬁﬂaé'léoﬂﬁr9¥iﬁé: using a pH meter.
Figure 3A is an alternative process tl di agram wherein a solid pH

OW ] []
altering agent is uséttexingafthe pH Q| thefcaft &lpdgeaEnedding @de |ine,
caustic soda, material having a sufficient pH, so as to raise the pH

of the acid sludge to at least a level such that the
acid sludge does not become sandy and will still melt at

The

10 elevated temperatures, typically about 190 degrees
centigrade, but not so high that the acid sludge becomes
sandy and unmeltable at room temperature, thereby
creating an intermediate mixture comprising a layer of a
more acidic material and a layer of intermediate sludge

15 having a higher pH than the acid sludge and having a pH
generally in the range from 3-7, and

separating said layer of a more acidic material and
said layer of intermediate sludge.

20 2. A process as claimed in Claim 1 wherein the step of
altering the pH comprises the step of adding a liquid
having a pH of from about 3 to 14.

3. A process as claimed in Claim 2 wherein the liquid

25 is an aqueous inorganic liquid.

4. A process as claimed in Claim 3 wherein the liquid
is water.

30 S. A process as claimed in Claim 1 wherein the étep
of altering the pH comprises the step of adding a solid
material with a pH substantially higher that the pH of
the acid sludge.

35 6. A process as claimed in Claim 5 wherein theée step of

altering the pH further comprises adding a washing
agent.

* [ L M H *



soda_ash and the like. The solid pH altering agent is 20 contacted with

dhe entire surface area of the acid sludge in the sane process-as the
liquid pH altering agent. However, when a solid pH altering agent is
used, there is not a free liquid [ayer as there is when a l'iquid
‘PH al tering agent is used. Wen solid pH 25 altering agents, such as
caustic soda, linme, etc. are used, thqy react with the sulfuric acid
to formsalts and water. Therefore, after the solid is added, the

mxture is washed (9 gprcdadsa a@ t148hdd mﬁuahyyp%beam Cclladnl eﬂméﬂﬂe
residue forned b thﬁ sollqland henfmg h 13 arategr(st
25) fromthe a&l the shepep §ﬁFﬁBgaﬁ s@ﬁ&ﬁafl s of

Figure 3A qmnmngﬁhherumtmmsahewhennsaldspﬂhalpemuegsmﬂtdﬁuym%hés

Aternatively, ldeladld &prbaldestog 896aks B ldele sepdiiliif a5t

sl udge, the res ng m xture nmay as synboli y step 29
in Figure 3B wisEHsutlawers goi ng t he washi ng and separafing steps
synbol i zed by steps 32 and 25 in Figure 3A. Thereafter, the process of
Fi gure 10 - proc%$ds in

t he same nanne@'asﬁﬂﬁ??ﬁ%ﬁ%s%s oflgiggdein any preceding c1a1m furt
comprising the step of agitating the acid s;udge at

least during the interval when said pH altering material
10 is added to said acid sludge but before separation of
said layers.

9. A process for converting acidic sludge into an
intermediate sludge substantially as hereinbefore
15 described with reference to the accompanying drawings.

10. A process for the formation of blown asphalt

comprising the steps of heating and oxidizing an

intermediate sludge formed by the process of any
20 preceding claim.

11. A process as claimed in Claim 10 wherein the steps
of heating and oxidizing comprise the steps of: '
raising the temperature of the resulting mixture to
25 a temperature in the range of from 200 degrees
centigrade to 275 degrees centigrade; and
passing air or oxygen ﬁhrough the intermediate
sludge for a duration sufficient to fully oxidize the
intermediate sludge and create blown asphalt.

30
12. A process as claimed in Claim 11 wherein the air or
oxygen is passed through the intermediate sludge at a
rate of from about 50 to 150 cubic feet per minute (1.4
to 4.2m® per minute)

35

13. A process as claimed in Claim 11 wherein the
temperature of the intermediate sludge is raised to 270

U




A, Preferably the entire surface area of the acid sl udge
shoul d be contacted with the pH altering agent. 5 Therefore, in the
preferred enbodi nent, the pH altering agent-acid sludge m xture is
agitated, as synbolized by step 22 in Figures 4-6. Agitating the pH
altering agent-acid sludge m xture will increase the degree of
contact between the pH altering agent and-th® entire 10 surface area of
the acid sludge. The agitation should be sufficiently adequate so as
to di sperse thelgprees cgntdgragleig@ne t hr oughout the acid sludge. Some
agitation processes tRel Hie WrXiodgei iid igiEsed thEbhegershen, vibration
shaking, mlling, rollin 15 endi.ng and the.ljke. . | n_anot her
embodi nent, theg?ﬁﬁﬁﬂFgngg 594%%?[%5(% ra t?ﬁi#éﬁiﬁﬂ?&qaf?%ts?ﬁﬁge

m xture i s el evairdtdu(dngm® pertménatep Ebrcant Aouinsg the pH al tering
agent with the acid sludge as synbolized in Figures 5 and 6, by step
20 24. cid sludge is very viscous and will not readily mXx_Wth
the pH al teri ngl4gend. prReestofOr tiggming hlgigeragphalbfSuhstantdgdlyan be.

el evated, at |easthereindeo?r@® deadridyalitl walebrends 8bteréng agent and
contacting, to ease m xin tgﬁreby i ncreasi ng the anount 25 of acid

sl udge surface AFEIRPAPEIRA S HEYH altering agent is contacted.

Al t hough the tenperature i s not critical, best results were obtained
using at erature greater than 100 degrees centigrade and preferably
190 grees centigrade. 30 Referring to Figure 6, there is
shown a process for converting acid sl-udge to bl own asphalt. The
process of Figure 6 conprises: providing acid sludge (step 10),
contacting the acid sludge with a pH altering agent

* c L ] S *



(steps-12 and 14), agitating and heating t he pH altering 35 ﬂa‘gﬂﬁtSFﬁﬁTd-lAS BEEN

sl udgé mi xture (steps 22 and 24), separating’ the liquid gH al t BEPRCED
agent layer fromthe internediate sl udge | ayer to renove theTTqu

(step 26), heating the intermedi ate_sl udge to a tenperature
in the range from 200- 275 degrees centi grade for an interval fron110 20
hours (step 28), dehydrating .and oxi di zi ng the i

forman asphaltic mxture by 5 bubbling air through t ure
preferably at a rate of 50-150 cubic feet/mnute p 2 nB/

m nute per tonne) (step 30). The oxi BSTRACDNt i nues unt

penetration nunber is in the range from6-15 and preferably fron18-10.

The amount of time this takes 10 depends upon the tenperature sel ected and

the rate of Tite: AiproédsaWo Bomgiing Béid isiidge 8 dndhrermbdidgesiudgy fopxasphe,
air blowing for approxinmately 10 hours at a tenperature of 250C and an

air rate of 50 cUNeCrobiR8tiorP8f biBWhdsphalt (1.4n8 per minute) will generally
result in an asphalt 15 m xture having an approxi nate penetration of 8

when measured at 25C, 100 grans and 5 seconds, a R & B

A process for converting the acid sludge produced by waste oil refineries
into an acid sludge intermediary which can be used in the production of
asphaltic mixtures, éomprises raising the pH of the acid sludge with a liquid or
solid pH altering agent, such as water, acid of a higher pH, weak or strong
bases and salt soiutions, and separating a liquid layer from the less acid sludge
layer, thereby producing an intermediate sludge having properties which make it
suitable for use in a.sphalt production. The sludge may be heated and/or

agitated to enhance the effect of the pH altering agent.



soeftening point of 100[err]C, and a flash point of 250[err]C Hi gher
temperatures or higher flowrates result in shorter intervals. 20
The purpose of the pH nodification steps 12 and 14 are to avoid -
granul arity problens which woul d prevent the nelting necessary to form
asphalt. The purpose of the heating step 28 is to drive off the
aqueous conpounds. The purpose of t/hée oxidation step 39.is to 25
make the resulting asphalt m)re(\prittlé In a preferred

enbodi ment, the steps 28 and 30w conprise raising the t&nperature of
the internediate - sl udge to | [
t hrough the heated mixturé at a rgt &9
(4.2nferr] pE ninute) for 10 hoyrsz
according to<yheir penetration |
soft asphal have penetrati O
asphalts have perfjetrati on nunbers O

4 to 20 or ®5. 35

asphaltic of bitum nous ¥ conpounds andl chey
used in a of applicatyogs. For exa :
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present® i nventi on can be used in the production of soft or hard

asphal ts, water-proofing, rust prevention, vapor barriers,

under coati ng, underlaying or undersealing, prim ng and painting,

i nsul ation, |am nation, battery 5 seal ant and paving materials. A

particul arly benefici al use of the bitum nous conmpound produced by this

process Is the ability it has to forma hard asphalt m xture. In -

addition, the internedi ate sl udge 20ng d be added to soft asphalt to

make the soft asphalt harder. 10

13 - CLAI M5, 1. A process for converting acid sludge to

I nternmedi ate sludge for use ig_the formation of 5 bitum nous conpounds,

conpri si ng: alteri FJ p f the acid sludge by adding a

materi al having a sufficient , 50" 85 to raise the pH of the acid

sludge to at |east a level _such that the .
' RAISE THE pH OF

THE ACID SLUDGE BY §~23

CONTACTING WITH A

HIGHER pH AGENT TO
RAISE THE pHTO 3-7

SEPARATE THE RESULTING

ACIDIC LIQUID & INTERMEDIATE
SLUDGE LAYERS

INTERMEDIATE SLUDGE

'

HEAT RESULTING ~29
INTERMEDIATE SLUDGE
& HOLD BETWEEN
200°C TO 275°C

v

OXIDIZE BY BUBBLING AIR
THROUGHTHE MIXTURE
WHILE HEATINGUNTIL ~3]

PENETRATION NUMBER
REACHES 6-I5 TO CREATE
BLOWN ASPHALT.

L ~25

~21

ot



aci d sludge does not becone sandy and will still nelt at 10 el evat ed
t.eaperatures, typically about 190 degrees centigrade, but not so high
that the acid sludge becones sandy and unnel table at room tenperature,
thereby . creating an internediate m xture conprising a |layer of a

nore acidic material and a layer of intermediate sludge 15 havi ng a

hi gher pH than the acid sludge and having a pH generally in the range
from3-7, and separating said |ayer of a nore acidic material and
said |l ayer of internediate sludgg.;g 20 2. A process as clained in
Claim1 wherein thé step of altering the pH conprises the step of
adding a liquid having a pH of from about 3 to 14. 3. A
process as clainmed in Clain12 wherein the liquid 25 IS an aqueous

i norganic |iquid. . A process as clainmed in Caim3 wherein the
l'iquid IS water. r as claimed in CQaim1l wherein
the step of alterlng the dﬁruﬁﬁgc the step of adding a solid
material with a pH substantially higher that the pH of the acid

sl udge. 35 6. A process as clained in daim5 wherein the step of

RAISE THE pH OF THE
ACID SLUDGE BY
CONTACTING WITH A

SOLID pH ALTERING |~-23
AGENT TORAISE THE
pH TO A pH IN THE
RANGE FROM 3-7

v

LIQUID WASH I/v32

I

SEPERATE OUT o5
INTERMEDIATE SLUDE ™

v

HEAT RESULTING .
INTERMEDIATE SLUDGE |~ 29

AND HOLD BETWEEN
200°C TO 275°C

l

OXIDIZE BY BUBBLING
AIR THROUGH THE MIXTURE | .__.3|
WHILE HEATING UNTIL
PENETRATION NUMBER
REACHES 6-15 TO CREATE
BLOWN ASPHALT




alvterlvng the pH further conprises adding a washing agent .

4 - 7. A process as clained in any preceding Caimfurther
conprising the step of heating the acid sludge at |east during the
i'nt:erval when said pH altering material has been added to said acid
sl udge but before separation of 5 said |ayers. ‘8. A process as
clainmed in any precedi ng O ai m fgyteger conprising the step of
agitating the acid sludge at | east during the inter%al when said pH
altering material .10 is added to said acid sludge but bdfore separation of
said | ayers. 9. A process for converting acidic|stwdde into an

I nternmedi ate sl udge substantially as herei nbefore 15 descrhi bed"\%t h
reference to& he acconpanyi ng draw ngs. =
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18.« A-process for the formation of bl own asphalt conprising the steps

of =heati ng and oxi di zi ng an I nternmedi ate sludge fornmed by the process
of any 20 . preceding claim 11. A process as clainmed in Caim10
wherein the steps of heating and oxidi zing conprise the steps of:
raising the tenperature of the resulting m xture to 25 a tenperature in
the range of from 200 degrees centigrade to 275 degrees centi grade;
and passi ng air or oxygen through the internediate sl udge
for a duration sufficient to fully ®yigize the I nt ermedi ate sl udge and
create bl own asphalt. 30 12. A process as clainmed in Caim1l wherein
the air or oxygen i s pass ou the internedi ate sludge at a

rate of from about 50 to 150 cﬁl@ept per mnute (1.4 to 4.2n8 per

m nute) 35 13. A process as clainmed in Claim1l wherein the
tenperature of the internediate sludge is raised to 270

acip sLubce [1°
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-a15 * degrees centigrade; and ~ the air or o
t hrough the intermedi ate sludge at a rate of 150 cubi ¢ 'k
mnute (4.2nferr] per mnute) for 10 hours. 5 - 14. A phjocess
f.orm ng bl own asphalt substantially as herei nbef ore deisBbed
reference to the acconpanyi ng draw ngs. 10

---------------------
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ABSTRACT

Title: A process for converting acid sludge to an intermediate sludge

"A process for converting the acid sludge produced by waste oil refineries
into an acid sludge intermediary which can be used in the production of

asphaltic mixtures, comprises raising the pH of the acid sludge with a liquid or

LaY

solid pH altering agent, such as water, acid of a higher pH, weak or strong
bases and salt solutions, and separating a liquid layer from the less acid sludge
layer, thereby_producing an intermediate sludge having properties which make it

suitable for use in asphalt production. The sludge may be heated and/or

agitated to enhance the effect of the pH altering agent.

(Figure 6)



