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TI TLE OF THE | NVENTI ON Process and Apparatus for
Modi fyi ng Bi tunen BACKGROUND TO THE | NVENTI ON Thi s

wonvmndom rel ates to a process and appar at us POT/NZ2005/000176

nodi fyi ng bi tunen. Modifying bitunmen and nore
particularly nodifying the properties of bitunmen by
oxi dising the bitunmen is known. Oxidised or so-called
“bl own bitunmen” is obtained by bI ovm ng or passing air
t hrough t he bit unrenTEREOR f# pNAEONS at a very high
tenperature e.g. 200-350 C typ| caIIy 240 to 280C. The
resultant nodified bitunmen is harder i.e. has an

i ncreased softosptsafd Apgasrtps freMedifvineBisemey ot

conparabl e tenperatures. Wth use of appropriate

reagents the pr éﬁ U B'f&‘i“l—]@ 16fN be nodified
further such th%e—g—ﬁm—m—s%—rs | ess
tenperature susceptible. These nmultigrade bitunens are
al so known in the art. The process of nodifying

Tihiist inw@tionyrelateswb rgprocss ehditppagdtys sdromedifyingclEitunadnso be

i nherently dangerous due to the presence of volatile
hydrocarbons in any airspace within the bit urren

Gfinh Eiiw%grﬁarﬁﬁﬁgrae%gﬁ%rv eS8 ot bl bllergn v
d&(ﬂﬁ{l% EheEBlam .{‘?sﬁ?m%y (%nghge(pgr PESAR “Difh biedthed” | Flﬁbtamed

e or explosion and consequential danmage to pla
oGS paBbihY dimindsght Be RBILERANGen the bitumen is at a very high

temperature e.g. 200-350°C typically 240 to 280°C. The resultant modified bitumen
is harder i.e. has an increased softening temperature and viscosity at comparable

temperatures.

With use of appropriate reagents the properties of the bitumen can be modified
further such that the bitumen viscosity is less temperature susceptible. These multi-

grade bitumens are also known in the art.

The process of modifying bitumen by blowing is relatively slow. It can also be
inherently dangerous due to the presence of volatile hydrocarbons in any airspace
within the bitumen modifying apparatus. The process may also result in significant
carbon deposits. The process is frequently inefficient. There may also be present the
real risk of fire or explosion and consequential damage to plant and potentially

injury to personnel.

The traditional bitumen modifying process can be a batch or continuous process.
According to a simple form of apparatus to carry out the process, bitumen at an
elevated temperature can be loaded into a container and air introduced into the

lower part of the container so as to pass up through the bitumen. For example, a
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The traditional bitunmen nodifying process can be a

batch or continuous process. According to a sinple
woaonweroo$47appar atus to carry out the process, bPCUMZRGE000176

an el evated tenperature can be | oaded into a container

and air introduced into the |ower part of the

e

EIRRI B andR b RS e bR IONGUAT I8 PREBa dE g imo the

m@mﬁﬁontalner for injecting the air into the bitunmen

According to another nethod the air can be introduced

through the top of a container in which bitunmen is

| ocated. The air and bitunen is m xed by a rotating
Ascondinonge anet@ntm@woéle\ﬁeﬁf sap ok titEpdriceghithrqugh the top of a

bi t unmen. In t js ma %N ones d ersed thro e
Bt BT DR ARGBEBe "y Y @ Totating
s‘??rﬁ’? n Meﬂ%% Ie%eﬂtsc‘ Iécghe[ar\ﬁ\fl'\ qgh@%hﬂ%u% ftmﬁr |r becomes

rovi des 1 nproved t
ﬁ&ﬂ*&h%ﬂﬁh@ﬁtﬁ@QNuMe@n |nherently safe manner .
further object of the present invention is to prOV|de
a process for nore eff|C|entIy nDdlfylng bitunmen in a
very controll abl e
speci fications andFHa sarer 3t oadl y
accordlng to one aspect of t he present i nvention there

, d f di f , _the. .
st Bledeor el laver praues ipl Broveodei ) TaERO G ahgymen
t .
BRSPS A TR PSSR rapner
air into the bitumen at a point along the tubular

pat h.
A further object of the present invention is to provide a process for more efficiently

modifying bitumen in a very controllable manner to a wide range of specifications

and in a safer manner.

Broadly according to one aspect of the present invention there is provided a process
for modifying bitumen, the process including the steps of passing bitumen along a
tubular path, causing the bitumen to pass through a plurality of mixers in the

tubular path and injecting air into the bitumen at a point along the tubular path.

According to a second broad aspect of the invention there is provided apparatus for
modifying bitumen, the apparatus including a tubular path along which bitumen can
be moved, means for introducing air into the bitumen at a point along the tubular

path and a plurality of mixers situated in the tubular path.

Preferably the apparatus includes an air compressor for supplying air to the means

for introducing air.

to
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According to a second broad aspect of the invention
there is provided apparatus for nodifying bitunmen, the
wappwreatas i ncl udi ng a tubul ar path al ong whi cRCDiINZRENE00176
can be noved, neans for introducing air into the
bi tumen at a point along the tubular path and a
Iﬁéﬁéra%w H?/ {) ﬂ?ﬁ?rlﬁclﬁﬂésu fﬂ gné I'E)%rtt F&?%h@ram& of catalysts
referably Pe apparat us |nc es an air conpressor
dn@rorsidpgdryd.ng air to the neans for introducing
air.Preferably the apparatus includes at |east one
port for the addition of catal ysts and/or reagents To
further increase the rate of production air may
Toctartdgr mcre@ﬁe the 1568 AGPIATMEQreYT m%’d’et*r?étqdu%ﬂréf’ tﬁ-a“r%'mected
Preh qﬁ% e mxers are static mxers spaced apart
3iogAG Y HEtRIBUI ar path. To further increase the rate
of production the apparatus may be operated at
pressures above atnospheric pressures. To further
Aré¥eFBRS@ e i Rerk At Estafic LAY EHdcOM afart MoAd Yied tuBBr Beth.
added. To nodify bitunmen in different ways e.g.
produce multi-grade bitunen one or nore reagents my
be added. BRI EF DESCRI PTI ON OF THE DRAWNGS In the
Troo furghvir nig crepse thietratel efl RIedustippt thenanraratke By el ppysated at
made to the accoppanyi ng drawi ngs in which:- Figure 1
qrgssgrebs(ﬁl?g\\%gwcggﬁg' Esq'ﬁr?sl ustration of apparatus
according to the

To further increase the rate of production a catalyst may be added. To modify
bitumen in different ways e.g. produce multi-grade bitumen one or more reagents

may be added.

BRIEF DESCRIPTION OF THE DRAWINGS

In the following more detailed description reference will be made to the

accompanying drawings in which:-

Figure 1 is a somewhat schematic illustration of apparatus according to the

invention and operable in accordance with the process of the invention.

DETAILED DESCRIPTION OF A PREFERRED EMBODIMENT OF THE INVENTION

The following description relates to one preferred form of apparatus for carrying out
the invention. Essentially the apparatus comprises a tube reactor 10 and in the more
preferred form of the invention an apparatus which effectively comprises a single but
multi~section tube reactor. More particularly, the tube reactor is in the form of a loop

reactor.
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i nvention and operable in accordance with the process

of the invention. DETAI LED DESCRI PTI ON OF A PREFERRED
wahBeDhMENT OF THE | NVENTI ON The fol | owi ng desectpizzas/000176

relates to one preferred form of apparatus for

carrying out the invention. Essentially the apparatus

@%@@@L@%ﬁhﬁ .tn%ra%e{ e 2GE RO @ng 1h NWhiE i R t?\“?ﬁo%qq to an

e 1rnventlron an appar at us whi c

GOMRIASE Dot §BNGhRh BiliudBd! dni 2iSAEW IcORrSIHEPE At @ASIIMN between the
More particularly, the tube reactor is in the form of

pMpOpan@aod ar injéioappar 83 tieerd 3 procitedies idetci 4 tarltht iraake of
punp 11, which is coupled by tube 12 to an air
hlwnwtlnt@rtupgﬂ At The copidlamit ofgheidienaratns ailf cgritenlva variable pump

controller. At a point hetween the 11 and the a
sPRRL R OFNirAl e amwmﬂ@w%m w@ﬁgﬁto tHE EFACRA VP |et 14.
the intake of bitunmen into tube 12. The control unit

of the apparatus will control a variable punp speed Pi

At Qnigianda Rl up; gﬁhg@?%t@fthp'réﬁfﬁmlp%b Wﬁleé‘m%lidﬂﬁ@x b to air

reactor via 4. At initial start-up of the

iRjeRRI At dHmbREnd. e 8w thal ditcuREioh ipub@d1 whiih bbibougRtup to speed
prior to air injection comencing. Slowy the

(&herc siagtirigothe puypppraius) wnd IthmeNlﬂjdlﬁghﬁ altlp wbstsp@@br seivbegrd. The

starting the apparatus) and the be left at a

adiufiew ahair dnestioserointobbwill Flpe ba.-ﬁlow‘v Bw'tavp HP'F' 3 P28l GRSHAtING
so be slowy built up until a stable

oint 13 wil|l
(§HQ¥QP“%8“@%HB?4IOH is established. In operation the

apparatus will always remain full of bitunen except,
of course, for the air space in the head 2 1 and down

IRlopk@ASh thOGppd1eEs YL hivalys 2émiiRgtRionaftl @en dRedpt] Seehurse, for
to the level of bitumen in colum 25 (or into inclined

thecdii epacR4in. th€hhemd 21 and down at least inclined section 24 (hereinafter
described) to the level of bitumen in column 25 (or into inclined section 24). Thus

the apparatus is never emptied and consequently when the apparatus is not in

operation it remains filled with bitumen.

The apparatus including pump 11 and variable speed pumps P, and P, the inlet 14
and outlet 27, and the tube reactor columns 16, 18, 20 and 33 respectively are
jacketed. Thermal oil can be passed through the jackets for preheating the
apparatus and contained bitumen as well as the bitumen pumps prior to

commencement of the bitumen products manufacturing operation.

The circulation pump 11 operates to cause the bitumen to circulate at a desired rate
in the apparatus 10. As a result the injected air becomes very finely dispersed into

the bitumen by the static mixers 15.

One of the options to further increase the rate of production, according to one form

of the invention, is to preheat the air injected at injection point 13.
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the apparatus is never enptied and consequently when
the apparatus is not in operation it remains filled

waoi2ods/0o947wnmen. The apparat us i ncl udi ng punp 11PamaNz2005/000176

vari abl e speed punps Pi and P2 the inlet 14 and outl et
27, and the tube reactor colums 16, 18, 20 and 33
respectively are jacketed. Thermal oil can be passed
through the jackets for preheating the apparatus and
1§ U PreieFePFSHTBN t1RSinvEltondthet ig iPEdpHTRN fRIMTRASCIMipregsor (not
to comencenent of the bitumen products manufacturing
sapenaihion delMees gir ne theadir dneqionpolit Boar apessdre of abseat 6 to 7
the bitunmen to circulate at a desired rate in the
bapt-dP0psdoThesata of @dditiontdiein inte cheeaprartupsapmgstypically at
very finely dispersed into the bitunen by the static
aﬁ?"}(@'r]soi@/%%%t "gjl’m?hté”l?ﬁfﬁtﬁrﬁ§”fj(?r?ﬁ§|’ﬁ(€“x1 ncrease the
rate of production, according to one formof the
invention, is to preheat the air injected at injection
RRIMuMER-ahB afd s sahRIugRAubOLdRion 15 RdidnnMREHdsFronk BR injection
air is supplied froma conpressor (not shown) which
pd@lti \Be mbisasdctib® 16hecaporate’) t@etenlong pad sytacdBiraérvals, the plurality
pressure of about 6 to 7 bar (90-1 00 psi). The rate
abfstadidcniniesnl ofUpainrreadhing theeendpighatule tarbityenenygsisses thyough
at around 1.0 nB/mn at normal tenperatyre and .
the €980p@EINENPISTE 1ThEP 6#%%1@%%&%&5? b%a@%@ taFfPolﬁ'@ﬂprrates a
ube section 16 i.ch extends fromair injection point
4E§9ﬁ¥ﬁ$§p§§gﬁpgﬁs meé%Fpgfates thereanLg, at sgaced
intervals, the plurality of static m xers 15. Upon
reaching the end of the tube 16, bitunmen passes
A hirgiig rohhetiagrReddd Mg tPiked Ce bitubiensiacwadhirdihebdactdconn 20

18 which al so incorporates a
also incorporating a plurality of spaced apart static mixers 15.

Static mixers of varying configurations are known. In the present invention the static

mixers 15 are of stainless steel construction.

The speed of pump 11 is adjusted to provide velocity of the fluid flow within the
apparatus to match the functionality of the static mixers. The design of the static
mixers create rapid changes in direction of the fluid flow and the resulting turbulent

flow creates intimate intermixing of all components in the fluid flow.

Typically the bitumen will have an average dwell period in the apparatus of about two

minutes.

Within a head section 21 bitumen issues from the end 22 of tube section 20. The
bitumen under gravity flows down the inclined section 24 of head 21 and into a fifth
tubular section 25 coupled via tubular section 33 to an outlet port 27 through which

a portion of the blown bitumen circulating within the loop reactor issues. The
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plurality of spaced apart static m xers 15. A further

connecting section 19 takes the bitunmen into a third
wousloas47sect i on 20 al so i ncorporating a pl urabPCryze605/000176

spaced apart static mxers 15. Static m xers of

varying configurations are known. In the present

pbﬂ\éﬁn&f' 9Bwh %ﬁu%ﬁtéxﬁaggé%sva%%@r ?e&f patdi Bl iFoiR thd B&lctor at

construction e spe I's adjusted to

obfi@oie2 ¥ &l @stloMe®by & h@ntfréltiinﬂ Je'nOWgWhﬂohhﬁltldH‘lﬁom a level sensor
apparatus to match the functionality of the static

301 Xar 8 resTiteofdds ivgriaté comeolsafatuntp Ri Ker Bvdr(beiglt) odpitdmen in
changes in direction of the fluid flow and the
colugwl 25 AguR indinedretipn 3d WH samals qonsiafht ENg FRNEFANRKPHGan Pe

of all conponents in e fluid flow Typically the
OB?QWWan'Eﬁ‘Pe T’féfi?é‘szi‘r{aéVé‘r”ége dwel | period in the
apparatus of about two minutes. Wthin a head section
2 1 bitunmen issues fromthe end 22 of tube section 20.

ARG OB BHtr@?nngﬁdc%ﬁpQH&Wtﬁé’ hbdPvactidavn . tiRtdgRChisn@dlet 29 exits
section 24 of head 2 1 and into a fifth tubul ar

vaEsilri e Ul eskydera douteut aair sedtvobatil&3 Whileamobushbet, an
port 27 through which a portion of the blown bitunen

egplosioh aeitnyilhvganiarally tigeconpesed nbteotr R RROUT PHEWS SR 29-
of bl own bitunen ext racted by vari abl e

Airy ad VRETIFS At loPasst thaeiaNe %S?sf“'“?fo'i’go'cg"ﬁ gﬂlté’ggf)f’uém off

SEPRE kP 28 LSBT s
pre_es\éﬁ mhgﬁ‘é Fﬂﬁ)&fratlals k& AESUnkd rB—@OAaH;(@bﬂ@OQstl%He bﬂ@&tldﬂﬁﬂwlch is

SeCtI on renmai n const ant controller 30 can
t@ﬁqceé‘asaﬂye St bakh&ionyfpetheusddificitian foadar bitumidn.

In a preferred form of the invention the vapours of air and volatiles will pass to a
heat exchanger type incinerator 32 so that the burnt off air/vapour mixture can be
used for heating say thermal oil passing through a coil of the heat exchanger. The
thus heated thermal oil can then be used for other processing activities such as
preheating of the bitumen and/or air. Alternatively the air and volatiles may be fed

into a simple incinerator for burning off.

According to one form of the invention the bitumen can be supplied to the tube
reactor 10 at a temperature of about 220-230°C which results in the processed
bitumen exiting the reactor at a temperature of about 230-240°C. To increase the
speed of the reaction the air pressure in the head will as described above, be

somewhere in the order of 6-7 bar (about 90-100 psi).

Bitumen by being injected with air from a compressor and then passed through a
number of sections having a plurality of spaced apart static mixers, because of the

intimate contact of the oxygen in the air with the bitumen, provides considerable
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A vapour outlet 29 is coupled to the head section 2 1.

Through this outlet 29 exits vapour conprising | ow
woxyg@moLoent ent air and volatiles. Wiile not SROWNZ2605/000176

expl osion vent will generally be connected to the air

and vapour output section 29. Air and volatiles w |

aB?%ﬁe(\éelgrQQ/gngIo e&ltﬁﬁﬁ%” @hl‘é\%&t ﬂsm%o\ﬁ%erlﬁ olnaF i @mBLH'I:mts.The

nci nera In 1 NnClner IS pressure

thRAGR S fah¥ @pBarkt Bl FAhE @edslAt RSedtt? WIESSIN @eVdrlidt 13 10-20
the apparatus to around 6-7 bar (90-1 00 psi) the

tefdfegcder dfounhith t@ampaes favoeadly wile thaughwfts rofdefl P gnnnes per
for the nodification of the bitunmen. In a preferred

hoor in whverienphscemargivetii@tvapour s of air and vol atil es
will pass to a heat exchanger type incinerator 32 so

that the burnt off air/vapour m xture can be used for

V%Eht Iloer]g r%&aIte%#ﬂ’los? s|<|IIQ ‘Ql‘r?‘ltlﬂgaltt Qﬁé{u@\'a %I l%itblls %%bnﬁess is

eat an er eat ed t her nmal can

dpen L{%eﬂof:li@l%at%rhWthm Qr%e§§ip@gofaﬁﬂe| Wvbhish. SWeh ex8mple, rates of
preheating of the bitunen and/or air. Alternatively

bitiheai hodifidationl edn besunmimy ihaedsed hynhddiag Simipdresections of tube
incinerator for burning off. According to one form of

anH estatitveinter o rindreasing tuberand staticheixeupighy arr /0o indieasingpide rate
reactor 10 at a tenperature of about 220-230C which

of @ iniegignintide gPBRéYSed bit unen exiti ng the reactor

at a tenperature of about 230-240C. To increase the

speed of the reaction the air pressure in the head

| b r&pl r
I@”_afu tRer %’rﬁ g%#%ggtr% %X&p@%r@%@%nﬁgla&i F}ﬁcg@lﬁlﬁf?epg?tféﬂly by

rNa"tihg%lf(erfsro@mlﬁer@(hﬁﬂh@aﬁ@én @ndhd flemepadssed t hrough a

According to one preferred form of the invention the loop reactor is located in a
vertical orientation. However, in an alternative arrangement the tubular elements
could be horizontally disposed (at feast in part) but with at least part of section 20
vertical (or some other orientation) leading to vertically disposed head section 21

and the inclined section 24 leading to vertically orientated section 25.

The enhanced efficiency of the apparatus compared to conventional bitumen blowing
plants is due to an increased rate of reaction brought about by the highly efficient
dispersal of oxygen within the bitumen achieved by the rapid movement of the

bitumen and air through the plurality of static mixing elements.

The process and apparatus according to the present invention provides a very stable
and controllable means of modifying bitumen. It also enables the production of a

wide range of bitumen specifications including multi-grade bitumens.
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nunber of sections having a plurality of spaced apart
static m xers, because of the intimte contact of the

woxyw@od7m the air with the bitunen, provides PCT/NZ2005/000176

consi der abl eadvant ages over bl own bitunen achi eved by
usi ng conventional oxidising plants. The throughput of

@?%r@&@?"c%ﬂg 69{rieh & AT %exﬂ'{ésejn@g %F‘E%]t%st‘é’i ahli rBSyents #REch are

ef to _ onnes per hour whi ch conpares
B QMR RbbMeWitd RichiiO W BEiGedOdn s decllich OO @S tpebiteidh.  The
in conventional conparative plants. It will be

rapene cirabestday yhvagef plivpl RRani nhe tealasts by hay of hemp Pa.
apparatus and process is open to nodification within
Lhe scope of the invention. For exanple, rates of

i tumen nodification can be further. increased. b .
T@&ﬂgﬁ§m¥HEVH%?mEe%&Pﬁ%@”d%“?@geﬂﬁn “@?31?%%ﬁFQg%g,bythe ar
i ncreas ; . stat | i.xer i
RGN PR g Lo oPAE B oRltpinereas the vapour
ARRA" Ak UDpatafushdsuih BRYgeANRAERALLbINe7 Shatlt ¢ KidU@T that with
coul’d be replaced entirely or partially by rotating
ddh¥eertisn&r oRidiseics dhaits rge dvapwers ekixinggthel elment@n have oxygen
According to one preferred formof the invention the
dootepty enbtdbr as 3915¢%cat Bbsi melativiebr tomc wolumes ohtadt beik. enters and
However, in an alternative arrangenent the tubul ar
leqveniift PRI be hori zontal Iy di sposed (at least in
part) but with at |east part of section 20 vertica
(or some other orientation) leading to vertically
HiSPAsEF 18R F8AL bQPyed Witrbf BillendmimhkRaty $REAdRTor4 faster
'eading to vertically orientated section 2%. The
Sahaseadrieédi mb@netioafof thebiappat atdiforaonparpdcdse. The volatiles
conventional bitunmen blow ng plants is due to an
dxitore dwedpparheisodrer bt thah the augsibiliab efitexiplpsidieishiighifigantly

ef ficient
reduced. Also, the vapours can be burnt off in a controlled and safe manner.

Also as a consequence of this, the apparatus is cleaner in operation and thus the
significant carbon deposits associated with conventional plants do not arise. Also
the turbulent flow through the mixers leads to self-cleaning. Therefore a need for

cleaning or regular cleaning is removed.

Furthermore the design of the apparatus is such that there is significantly less air
space above the surface of the bitumen is present and which contains significantly
reduced oxygen content in the air. This significantly reduces the impact of any
explosions that occur in such air space in the event of ignition of the volatile

hydrocarbon vapours in such air space.

Consequently, not only does the process and apparatus of the present invention

provide for improved throughput of oxidised bitumen, it does so in a manner which



di spersal of oxygen within the bitumen achieved by the

rapi d novenent of the bitunmen and air through the
wohoeod47y of static m xing el ements. The procees/Nanahs/000176

apparatus according to the present invention provides

a very stable and controll abl e means of nodifying

PEl' tléjquaW splgE% Qhéﬁro%%@ ??ov&elp?ev@f %@%ﬂl an%f ca@P%m. gfg?oasg(se which

range of specifications inc I ng nu
.phérmm%smanraretaﬁ@.%dcs%rhr%e@%ﬁI ed out in the
presence of catal ysts and reagents if such are
required in order to achieve the desired end

speci fication of the bitunen. The reagent can be added
by way of punp P3 and the catal ysts by way of punp P4.
This better distribution of oxygen through the bitunen
is illustrated by the air entering via the inlet 13
havi ng a conposition of 20.5% oxygen whereas the
vapour exiting the apparatus has an oxygen content of
about 7.5% It is known that wth conventiona
oxi di sing plants the vapours exiting the plant can
have oxygen contents as high as 19.5% Thus,
relatively |l ow volumes of air both enters and | eaves

t he apparatus. This better reaction of the oxygen with
the bitunmen inherently provides for a faster and nore
efficient nodification of the bitunen and for a safer
process. The volatiles exiting the apparatus are such
that the possibility of explosion is significantly
reduced. Al so, the vapours can be burnt off in a
controlled and safe manner. Al so as a consequence of
this, the apparatus is cleaner in operation and thus
the significant carbon deposits associated with
conventional plants do not arise. Also
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the turbulent flow through the mxers leads to
sel f-cleaning. Therefore a need for cleaning or

woeosloas47¢l eani ng i s renoved. Furthernore the #esingnoosfo00176

the apparatus is such that there is significantly |ess
air space above the surface of the bitunen is present

caadvsii ch contains significantly reduced oxygen

content in the air. This significantly reduces the
I mpact of any explosions that occur in such air space

th f of th
apoth or dercRodAng st R GetiFah 1 R Moy dorssing
the B&Q%gﬁ%loﬂﬁ% tﬂBngF %Hsca?l mém?e ﬂhﬁﬁ&rﬂlo ¥%lﬁ‘rto|ueﬁ‘ a plurality

provi rove rou OX|d|se bi tumen,

it deesnig@siif the mﬂﬁ’f pé‘hﬁ'a‘ﬁhhﬂﬁcﬂnﬂﬁﬁlrah{o &@aﬁﬁm@é}ﬂat a point
produces a |l ower |evel of volatiles and carbon

deposichg thdrtublalarpher.ent |y results in cl eaner and safer
operation. CLAIMS:- 1. A process for nodifying bitunen,
the process including the steps of passing bitunen

al ong a tubul ar ath au3|n t he unmen t.o pass
2t hr o dgRrosess tchrehg Wb el el ¢he BT dF HRac HHguoh a

'njectyﬁﬂgghsmagkpxé@e bltunen at a point along the

t ubulP process according to claim1l

wher ei n the bi tunen is passed through a plurality of

static mxers. 3. A process as clainmed in claiml or 2
swher @i grot&ie a8idlaiingd iimjcRah @dorad waereoi the dinistihjectedbailagwoint in

path prior to the static mxers. 4. A process

accotiod tutap pathyprioméo dfe gatéd mixels.t o 3 wherein the air

i s heated

4. A process according to any one of claims 1 to 3 wherein the air is heated

prior to be injected into the tubular path.

5. A process as claimed in any one of the preceding claims wherein the process

is carried out at a pressure above atmospheric pressure.

6. A process as claimed in any one of claims 1 to 5 further including the
addition of a catalyst and/or reagents to the bitumen circulating in the

tubular path.
7. A process as claimed in any one of claims 1 to 6 wherein the process is
continuous with the addition of bitumen into the tubular path and extraction

of modified bitumen from the tubular path.

8. A process for modifying bitumen as substantially as herein described with

reference to the accompanying drawings.

10
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prior to be injected into the tubular path. 5. A
process as clained in any one of the preceding clains

wohere®os7d he process is carried out at a pressBCE/NID@EM00176

at nospheric pressure. 6. A process as clained in any
one of claims 1 to 5 further including the addition of
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I'n th DFOCGSS as claine

one Qlongl @hlh &tar@erﬁ cmedeemvwerr@a@ﬁe&smtﬁ)d@@m@lanuoms) the
with the addition of bitunmen into the tubular path and

ext r attuhen aoh pobdialdngdhbitdhuerpatir and & blirdlipof enixepasituated in
8. A process for nodifying bitumen as substantially as

her eithe tbgtariPBEd with reference to the acconpanying

draw ngs. 9. Apparatus for nodifying bitumen, the

appar at us including a tubular path al ong mhich bi t unen

1%§PU%EJH Yl?s as (ERe ||I; eralrh '@HE&@*M@%EQ afarI Jo és@aF h)(? supplying air

at a point along the ["ar

pl ur %ltwmeinsmox&mdﬁtmgatred in the tubul ar path. 10.
Apparatus as clained in claim9 including an air

conpressor for supplying air to the neans for

introducing air. 11. Apparatus as clained in claim?9

19r  10hpbaratireas clamhesdimeaimetomntP furshes Iﬂ@iwdlh@éteah'@p geans for
prior to being introduced  inta thg gltunen

ApparsaiiRg @épemomg intraAycegrigtogne Btumag- o to 11

wherein the mxers are

12. Apparatus as claimed in any one of claims 9 to 11 wherein the mixers are

static mixers spaced apart along the tubular path.

13. Apparatus as claimed in any one of claims 9 to 12 further including at least

one port for the addition of catalysts and/or reagents.

14. Apparatus as claimed in any one of claims 9 to 10 wherein a head section
includes an outlet from the part of the tubular path in which the mixers are
situated whereupon bitumen issuing therethrough flows to an outlet port to
which is coupled a variable speed pump for extracting a portion of the

bitumen from the apparatus.

15. Apparatus as claimed in claim 14 further including level sensing means to
sense the level of bitumen located between the outlet in the head section and

the outlet port.

16. Apparatus as claimed in any one of claims 9 to 15 wherein the tubular path is
continuous and a circulation pump is connected into the tubular path to

cause the bitumen to circulate.
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Apparatus as clained in any one of clains 9 to 12
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of catalysts and/or reagents. 14. Apparatus as cl ai ned

in any one of clains 9 to 10 wherein a head section

i ncludes an outlet fromthe part of the tubular path

in which the m xers are situated whereupon bitunmen
178SUiAppatdiey 8¢ RragHeh irf iaws 160viRdtei@Uthk &libParF bathoisWaHAEd by a
is coupled a variable speed punp for extracting a

por t iroutiefectibve |doptreaaor. f r om t he apparatus. 15.

Apparatus as clained in claim14 further including

| evel sensing neans to sense the | evel of bitunen

| ocat ed between the out j?d secti.on
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and a circulation pu S connected into the tubul ar

path to cause the bltunen to circulate.17. Apparatus

as clained in claim16 wherein the tubular path is

foor mexpphsatas mutldimesido tclaom 1600p or @8etherein 1& tuBplapathliscludes
as clainmed in claim16 wherein bitunmen is introduced

i nt o & $rstiowliuwhichpde mupytity of drifuaisnethssie garphemsensed. bv sensor
Apparatus as cl ai ned in clelnw 6, % or 18 wherein

t ubulBFANS A PIHETEH &S dRWEE T dHe i tHOYAT BR! 'I’i‘ereaﬂ%m‘feltf’y"”tp”t
of blt&wew &Qegekgm%en be sensed by sensor

20. Apparatus as claimed in claim 10 wherein the compressor delivers air to the

means for introducing air at a pressure of about 6 to 7 bar.

21. Apparatus as claimed in claim 20 wherein the means to introduce air
introduces the air into the tubular path at about 1.0 m3/min at normal

temperature and pressure.

22. Apparatus as claimed in claim 19 further including a head section into which
bitumen issues after passing through the mixers and a vapour outlet is
coupled to the head section for venting of low oxygen content air and

volitiles.

23. Apparatus as claimed in claim 22 further including an explosion vent

connected to the vapour outlet.

24.  Apparatus as claimed in claim 22 or 23 wherein a pressure control valve is

coupled to the head section to regulate pressure within the apparatus.



means and bitunen is drawn fromthe tubular path in
response to output fromthe sensor neans. 20.

wappmwroatars as clained in claim10 wherein the PCT/NZ2005/000176
conpressor delivers air to the nmeans for introducing
air at a pressure of about 6 to 7 bar. 2 1 . Apparatus

s cl,ai in.claj . i,N i TRAN iN ;
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1.0 Btikile to AlguRe tRRlpréLiRababYGEs-Fshrpr essure. 22.
Apparatus as clained in claim19 further including a
head section into which bitunen issues after passing
t hrough the m xers and a vapour outlet is coupled to .
26he Hwadrasusc foromddifyingehitimen stbstaniialy gerherdnt @aserikad with
and volitiles. 23. Ag aratus as claimed in claim22
f ur t Keferense FUtherRG YR %WHW PYf9%ent connected to the
vapour outlet. 24. Apparatus as clainmed in claim 22 or
23 wherein a pressure control valve is coupled to the
head section to regulate pressure within the
apparat us. 25. Apparatus as clained in claim24 wherein
the pressure control valve is operative to regul ate
the pressure to about 6-7 bar. 26. Apparatus for
nodi fyi ng bitunen substantially as herein described
with reference to the acconpanyi ng draw ngs.
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