
1,019,967         by line (66) and indirectly contacted and heat  treating
tower (22) through line (21) and        exchanged in phenol hot belt heat
exchanger  is countercurrently  contacted with  liquid (E-5) where its
temperature is raised to about  phenol fed into the top of the    tower
(22)         340[err] F. while simultaneously cooling and  through line
(103). The feed is first heated     5  condensing the hot phenol vapors.
to a temperature of about 200[err] F. by heat 70           The dewaxed oil
solution  then enters the  exchanger (not shown). A raffinate phase is
bottom of high pressure flash drum (68) removed overhead through line (24).
The ex-         through  line (67) where it is flashed at a  tract phase is
removed from the bottom of         pressure of about 235  psig. The major
por-  phenol treating tower (22) through line (23).     10  tion of the
propane in the dewaxed oil solu-  The extract phase contains most of the
phenol 75         tion is removed in the high pressure flash  solvent and
extracted aromatic hydrocar-         drum. The remaining minor portion of
the  bons. The overhead raffinate stream contains         propane in the
dewaxed oil is removed  in  a minor amount of phenol solvent and most
a low pressure flash drum (not shown) opera-  of the nonaromatic
hydrocarbon components.     15  ted at about 5 psig. The dewaxed oil, free
The phenol treating tower (22) is operated at 80          of propane, is
removed through line (73) and  a temperature of about 200[err] F. and a
pres-          sent to storage. The flashed propane is re-  sure of 100-300
psig.          moved through line (123) and joins line (121)    The
raffinate stream is heated to about          and is  sent to propane
condenser (126).  400[err] F. by passage through phenol hot belt      20
The slack wax/propane slurry is removed
85                     from   wax filter and fed through line (69) to
heat exchanger (E-3) wherein it is indirectly    85          from wax
filter and fed through  line (69) to   contacted with hot phenol vapors. It
is then          phenol  hot belt exchanger (E-2) where it is  fed to
furnace (E-8) through line (35) where          indirectly heated to about
320[err] F. with hot   it is heated  to 650 to 750[err] F. It is then sent
phenol vapours, which are thereby cooled  to raffinate phenol recovery
tower (37) through      25  and partially condensed. The warmed wax  line
(36), wherein vaporized phenol solvent is  90           solution is fed
through line (70) to high Pres-   separated from the raffinate. Phenol
solvent                 sure flash drum  (71) wherein the propane is
recovery is maximixed by stripping  with light           flashed at  a
pressure of about 235 psig. Sub-   hydrocarbon  gases introduced into
raffinate           stantially all of the propane is removed. The  recovery
tower (37)  through lines (31) and 



30  slack wax is withdrawn from flash drum (71)  (32).  Th  hot phenol
vapors leave tower (37)  95           by line (72) and can be subsequently
further  via  line (82) at a  temperature of about 435[err]
processed to recover the wax, cracked to make
F. and  a pressure of about 50 psig. and  are           lighter products or
used as fuel. The pro-  subsequently combined with the phenol sol-
pane from  the high pressure flash  is removed, vent vapors from tower (27)
in  line (83). Line       35  from  flash drum  section (71) through line
(83) leads to the phenol hot belt system. In 100           (122) and  joins
line (121) and is sent to pro-  the hot belt system, th e hot phenol vapors
are           pane condenser (126). The propane vapors in  cooled and
condensed and finally discharged           line (121) are condensed in
condenser (126)  into the phenol accumulator drum (102).           and sent
to propane accumulator drum (132).       40    The  same compressor (129),
condenser    The raffinate, free of phenol solvent, is re-
(126), storage drum  (132), knockout drum   moved by line (38) and fed
through line (39) 105            (not shown) and associated piping are used
to a raffinate storage tank or through line            for the dewaxing and
deasphalting plant pro-  (38A) to a hydrofining reactor and/or a
pane circulation systems. The propane re-  dewaxing step. The phenol
extract fraction       45 covety system takes vapor streams at about from
phenol treating tower (22) is removed            3 to 5 psig. from the low
pressure flash drums  from  the bottom  of the tower through line 110
(not shown), chillers (59A) and the filter feed (23) and heat exchanged in
phenol hot belt            drum (60) and filters (65) and (65A) sends  heat
exchanger (E-1) with hot phenol vapors.            them to propane
compressor (129). In  the  Its temperature is raised to about 400[err]   F.
50  compressor, the pressure is raised from 3 to  and its is then sent
through line (25) to             230 psig.
extract recovery tower furnace (E-7) where 115               The compressor
discharges, through line  it is heated to about 600[err] F., partially
vapori-             (130) to condenser (126), along with vapors  zing the
phenol.   The partially vaporized             from high pressure flash
drums (6), (8), (68)  phenol and, extract phase is fed through  line
55  and (71) introduced through  line (121) is con-  (26) to extract
recovery tower (27). Hot             densed by condenser (126) and
introduced  phenol vapors are taken overhead through 120             into
propane accumulator storage tank (132)  line (81) where they are combined
with the             though line (127). Liquid propane fom   vapors from
raffinate recovery tower (37) in             storage (132) is recycled
through lines (133) line (83). Below the point where the feed is         60
and (134) to deasphalting  tower (2) and  introduced, a stripping gas is
introduced into             through line (135) to dewaxing propane mixer
extract recovery tower (27) through lines (31) 125             (52)
and (33) to strip any remaining phenol from                In describing
Fig. 2 of  the drawing, a the extract. The  bottoms product is discharged
feed which is only phenol extracted will be  at a temperature of about
500[err] F. from tower         65  discussed.   Feed enters the bottom of
phenol  (27) through line (30) and consists mostly 



6                                          1,019,967       of aromatic
components. This product is sent   Heat exchanger (E-5) receives  hot
phenol      to storage after  suitable heat exchange.  vapor through line
(92)  and heats dewaxed      A portion of the phenol extract phase  oil
propane solution from  about 140[err]  F.    introduced into  extract
recovery tower (27) is  to about 340[err] F. The cooled phenol vapors  5
recycled  through line (28), heat exchanger  are withdrawn through line
(93) and  are  70      (E-6), and line (29) back to extinct furnace
combined in line (94) with the cooled phenol      (E-7). This extract
recycle at a temperature  vapor from line (91).      of  about   600[err]
F. exchanges heat with the    Heat exchanger (E-4) receives hot  phenol
asphalt/propane solution from   the  deasphalt-  vapor through line (89)
and heats  deasphalted 10 ing step, heating    that stream  to a tempera-
oil/propane solution from about  170 F, to 75      ture of about 540 F.
Additional heat energy  about 360[err] F. The cooled phenol vapors are
is obtained by  heat exchange of the asphalt/  removed from exchanger (E-4)
by line (97).      propane solution with the extract bottoms    When  the
phenol plant is running at  low      in line (30) in heat exchanger (E-6A)
as shown  circulation rates, makeup phenol is sent to 15  in Figure 2.
the hot belt  by injecting phenol into  the  80        Cool condensed
phenol vapors from  the  phenol extract stream prior to its entry into
phenol hot belt system are collected and are  the phenol, extract furnace
(E-7). This insures     fed through line (101) and stored in a phenol  that
enough heat is available in the hot     accumulator drum  (102) at about
275[err] F.  phenol vapor  to flash propane from the de- 20  and about 25
psig.                           asphalted oil, dewaxed oil, and slack wax
85        The thus refined feed can be dewaxed and/  solutions in the high
pressure flash drums. In     or hydrofined or sent to storag e.       the
event that excess heat is available in the        Fig. 3 is a schematic
flow diagram of the  phenol hot belt system, part of the hot phenol
phenol hot belt system. The combined over-  bypasses the heat exchangers
via   line (86). 25  heads from the raffinate and extract recovery
Condensed phenol vapors are collected  from  90     towers of the phenol
treating plant are intro-   the various heat services and the bypass line,
duced to the hot belt system through line  and pass into line (98) and  are
fed through 



(83) at about 430[err] F. and at about 50 psig.  line (99)  into  hot belt
trim cooler (100) where-     The phenol hot belt exchangers are in parallel
in the temperature of the condensed phenol 30  to minimize the pressure
drop between the  is reduced to about 275[err] F. and fed through  95
phenol recovery towers (27 and (37) and the  line (101) to the phenol
accumulator drum     phenol accumulator drum (102) (Fig. 2). The  (102)
(see Fig. 2).     hot phenol vapors are distributed through    It is
obvious from the above description     line (84) and are collected in line
(98)  of the invention that substantial savings have 35  after passing
through  the various heat ex-  been made by cooling the hot phenol vapors
100     changers, (E-1) through (E-5). The hot belt  by heat exchange with
cool dewaxing and de-     system consists of five heat exchangers, (E-1)
asphalting process streams and by concomi-     through (E-5), and a phenol
bypass line  tantly  heating the latter streams to remove     (86).
propane  solvent 40    The heat exchangers provide the following
services:                                      WHAT WE CLAIM IS:-
105       Heat exchanger (E-1) receives hot Phenol    1. An improved
process for refining lubri-     vapors through line (85) and discharges
them  cating oil fractions and for vaporizing, con-     through line (95)
and the cooled and con-  densing and recovering vaporizable solvents 45
densed phenol vapor is collected in line (98). used in conjunction with
said refining process     In cooling the  hot phenol vapor through heat
which comprises a solvent deasphalting step 110     exchanger (E-1), the
feed to phenol extract  in which a deasphalted oil/solvent phase and
recovery tower (27) is heated from  about  an asphalt/solvent phase are
separated: a     180[err] F. to about 400[err] F., prior to entering
selective aromatic  solvent extraction  step 50  extract furnace (E-7).
which produces an extract phase and raffinate       Heat exchanger (E-3)
receives hot phenol  phase which are separately heated to a tem- 115
vapor through  line (87); cooled phenol vapor  perature at which the hot
extraction solvent     is removed through line (96). The feed to the
vapours are removed; and a solvent dewaxing     phenol  raffinate recovery
tower is heated  in  step in which a dewaxed  oil/solvent phase 55
exchanger (E-3) from  about 200 to about  and a slack wax/solvent phase are
separated;     400[err] F. prior to entry into raffinate furnace  the
deasphalting and dexaxing solvent being 120     (E-8).
removed by heating the separated phases and       Heat exchangers (E-2) and
(E-5) receive  flashing the solvent therefrom and the  hot ex-     hot
phenol vapor through line (88) which  traction solvent vapours being cooled
and 60  splits into lines (90) and (92). Line (90)  condensed  by indirect
heat transfer with the     provides  the hot phenol vapor for heat ex-
relatively cool  deasphalted  oil/solvent phase, 125     changer. (E-2)
wherein slack wax/propane  the dewaxed oil/solvent phase and the slack
solution is heated  from  about 140[err] F. to  wax/solvent phase,
simultaneously heating     about 320[err] F. The cooled phenol vapor leaves
said phases and vapourizing deasphalting and 



65  through line (91).                           dewaxing solvent
therefrom; and. separating,             6
1,019,967       of aromatic components. This product is sent   Heat
exchanger (E-5) receives hot phenol      to-storage after suitable heat
exchange.  vapor through line (92) and heats dewaxed      A  portion of the
phenol extract phase  oil propane solution from  about 140[err] F.
introduced into extract recovery tower (27) is  to about 340[err] F. The
cooled phenol vapors  5  recycled through line (28), heat  exchanger  are
withdrawn through line (93) and are  70      (E-6), and line (29) back to
extract furnace  combined in line (94) with the cooled phenol      (E-7).
This extract recycle at a temperature  vapor from line (91).      of about
600[err] F. exchanges heat with the   Heat exchanger (E-4) receives hot
phenol      asphalt/propane solution from the deasphalt-  vapor through
line (89) and heats deasphalted  10  ing step, heating that stream to a
tempera-  oil/propane solution from about 170 F. to  75      ture of about
540[err] F. Additional heat energy  about 360[err]F. The cooled phenol
vapors are      is obtained by heat exchange of the asphalt/  removed from
exchanger (E-4) by line (97).      propane solution with the extract
bottoms    When the phenol plant is running at low      in line (30) in
heat exchanger (E-6A) as shown  circulation rates, makeup phenol is sent
to  15 in Figure 2.                                the hot belt by
injecting phenol into the  80        Cool condensed phenol vapors from  the
phenol extract stream prior to its entry into      phenol hot belt system
are collected and are  the phenol extract furnace (E-7). This insures
fed through line (101) and stored in a phenol  that enough heat  is
available in the hot      accumulator drum  (102) at about 275[err] F.
phenol vapor to flash propane from the de- 20  and about 25 psig.
asphalted oil, dewaxed oil, and slack wax  85        The thus refined feed
can be dewaxed and/  solutions in the high pressure flash drums. In      or
hydrofined or sent to storage.           the event that excess heat is
available in the 



Fig. 3 is a schematic flow diagram of the  phenol hot belt system, part of
the hot phenol      phenol hot belt system. The combined over-  bypasses
the heat exchangers via line (86). 25  heads from the raffinate and extract
recovery  Condensed phenol vapors are collected from  90      towers of the
phenol treating plant are intro-  the various heat services and the bypass
line,      duced to the hot belt system through line  and pass into line
(98) and are fed through      (83) at about 430[err] F. and at about 50
psig.  line (99) into hot belt trim cooler (100) where-      The phenol hot
belt exchangers are in parallel  in the temperature of the condensed phenol
30  to minimize the pressure drop between the  is reduced to about 275[err]
F. and fed  through  95      phenol recovery towers (27 and (37) and the
line (101) to the phenol accumulator drum      phenol accumulator drum
(102) (Fig. 2). The  (102) (see Fig. 2).      hot phenol vapors are
distributed through    It is obvious from the above description      line
(84) and are collected in line (98)  of the invention that substantial
savings have  35  after passing through  the various heat ex-  been made by
cooling the hot phenol vapors 100      changers, (E-1) through (E-5). The
hot belt  by heat exchange with cool dewaxing and de-      system consists
of five heat exchangers, (E-1)  asphalting process streams and by concomi-
through (E-5), and a phenol bypass line  tantly heating the latter streams
to remove      (86).                                       propane solvent.
40    The heat exchangers provide  the following      services:
WHAT WE CLAIM  IS:-                       105        Heat exchanger (E-1)
receives hot phenol    1. An improved process for refining lubri-
vapors through line (85) and discharges them  cating oil fractions and for
vaporizing, con-      through line (95) and the cooled and con-  densing
and recovering vaporizable solvents  45  densed phenol vapor is collected
in line (98).   used in conjunction with said refining process      In
cooling the hot phenol vapor through heat  which comprises a solvent
deasphalting step 110      exchanger (E-1), the feed to phenol extract  in
which a deasphalted oil/solvent phase and      recovery tower (27) is
heated from  about  an asphalt/solvent phase are separated: a
180[err]F. to about 400[err]F., prior to entering  selective aromatic
solvent extraction  step  50  extract furnace (E-7).
which produces an extract phase and raffinate        Heat exchanger (E-3)
receives hot phenol  phase which are separately heated to a tem- 115
vapor through line (87); cooled phenol vapor  perature at which  the hot
extraction solvent      is removed through line (96). The feed to the
vapours are removed; and a solvent dewaxing      phenol reffinate recovery
tower is heated in  step in which a dewaxed oil/solvent phase  55
exchanger (E-3) from  about 200 to about  and a slack wax/solvent phase are
separated;      400[err]F. prior to entry into raffinate furnace  the
deasphalting and dexaxing solvent being 120      (E-8).
removed by heating the separated phases and        Heat exchangers (E-2)
and (E-5) receive  flashing the solvent therefrom, and the hot ex-      hot
phenol vapor through line (88) which  traction solvent vapours being cooled
and 



60  splits into lines (90) and (92). Line (90)  condensed by indirect heat
transfer with the      provides the hot phenol vapor for heat ex-
relatively cool deasphalted oil/solvent phase, 125      changer (E-2)
wherein slack wax/propane  the dewaxed oil/solvent phase and the slack
solution is heated  from about 140[err] F. to  wax/solvent phase,
simultaneously  heating      about 320[err] F. The cooled phenol vapor
leaves  said phases and vapourizing deasphalting and  65  through line
(91).                           dewaxing solvent therefrom; and separating,
condensing and collecting the vaporized de-  ducts are in indirect heat
exchange contact         asphalting and dewaxing solvent and collect-  with
the overhead product streams from each         ing said condensed
extraction solvent.     of the first and third treating towers and the 2. A
process according to claim 1 wherein  bottom product from the third
treating tower  55     5  a portion of the solvent extract phase is re-  at
points between said  first and third  treat-         cycled from the
extract heating step and  in-  ing towers and the distillation means.
directly heat exchanged with the separated    8. Apparatus according to
claim 7 wherein         asphalt/solvent phase from deasphalting step  the
two distillation towers in combination with         and then returned to
the extract heating  the second treating tower each have an over- 60     10
phase, whereby the asphalt/solvent phase is  head line which lines are
joined the joined         heated to a temperature at which the de-  line
being in indirect heat exchange relation-         asphalting  solvent is
removed  from  the  ship with the overhead and bottoms product
asphalt/solvent phase  by flashing and without  lines of said second
treating tower which  over-         excessive foaming.
head and bottoms product lines are in com-  65     15    3. A process
according to claim 1 or 2 in  munication with one of said two distillation
which the dewaxing and deasphalting solvents  towers at points between said
second treating         are propane                                  tower
and distillation towers.           4. A process according to any of claims
1    9. Apparatus according to claim  7 or 8         to 3 in which  the
selective aromatic solvent is  where in the bottoms product line from the
70    20  phenol.                                      second treating
tower which is in communi-           5. A process according to claims 3 or
4  cation with one of the distillation towers, 



wherein the propane separated  from the res-  combined therewith, is
further in  heat ex-         pective  deasphalted   oil/solvent  phase,
change relationship by an indirect heat ex-         asphalt/solvent phase,
dewaxed oil/solvent  change means at a point between said second  75    25
phase and slack wax/solvent phase is com-  treating tower and said
distillation means with bined, cooled, condensed, compressed and col-  the
bottoms product of the first treating tower.         lected in a common
propane solvent system.    10. Apparatus according to claims 7, 8 or
6. A process for refining lubricating oil  9 in which the distillation
means in combina-         fractions and for vaporising, condensing and
tion with the first tower comprises two high  80    30  recovering
vaporisable solvents substantially  pressure distillation drums.         as
herein described.                           11. Apparatus according to any
of claims           7. An improved apparatus for use in a pro-  7 to 10 in
which the distillation means asso-         cess as claimed in any of claims
1 to 6 which  ciated with the third tower comprises two         comproses a
solvent deasphalting tower, a  high pressure distillation drums.
85    35  selective solvent extraction tower and a sol-   12. Apparatus
according to claims 9 to 11         vent dewaxing tower; two distillation
means  wherein said bottoms product line is further         in combination
with each of said treating  in heat exchange relationship and in com-
towers; connecting means communicating be   munication with bottoms recycle
stream line         tween an overhead product and a bottoms  which connects
the solvent extract recovery  90     40  product taken from  each of said
treating  distillation tower and the extract distillation         towers to
each of one of the two distillation  furnace.         means associated with
each of said treating   13. Apparatus for use in a process as
towers, the distillation means associated and  claimed in any of claims 1
to 6 substantially         in communication with each of the three  as
hereinbefore described with reference to  95     45  treating towers each
having a means for re-  the accompanying drawings.         moving an
overhead vapour product and a         bottoms liquid product; conveying
means for         the overhead vapour products from both the
K. J. VERYARD,         distillation means of the second of the three
50 Stratton Street,     50  treating  towers and heat exchange means such
London, W.1.         that the said combined overhead vapor pro-
Agents for the Applicants.   Leamington Spa: Printed for Her Majesty's
Stationery Office by the Courier Press.-1966.   Published at The Patent
Office, 25, Southampton Buildings, London, W.C.2, from which copies may be
obtained.    


