
PATENT SPECIFICATION                                       (11) 1 227 906
DRAWINGS ATTACHED (21) Application No. 35340/69   (22) Filed 14 July 1969
(31) Convention Application No. 153 129 (32)  Filed 15 July 1968 in C
(33) New Zealand (NZ) (45) Complete Specification published 15 April 1971
(51) International Classification C 02 b 1/40      (52) Index at
acceptance.             C1C  200 211 222 231 232 233 253 30X 400 407 40X
40Y                      412 414 41Y 424 43Y 60X 610 612 621 635
C3H 2             C5C 1A4A                (54) IMPROVEMENTS IN OR RELATING
TO PROCESSES FOR                         THE PURIFICATION OF WASTE EFFLUENT
(71)   We, TASMAN VACCINE LABORA-    By " protein" we mean a material which
TORY LIMITED, of 35 Whakatiki Street,  may contain some protein breakdown
pro-     Upper Hutt, New  Zealand, a company  ducts (i.e. amino acids
and/or polypeptides),     organised under the laws of New Zealand,  which
would be present in proteinaceous   5 do hereby declare the invention for
which  effluent, as well as the undegraded protein 50      we pray that a
patent may be granted to us,  macromolecules.      and the method by which
it is to be per-    The invention also comprises a process      formed, to
be particularly described in and  for recovering protein and/or fat from
waste      by the following statement:-               effluent containing
the same, said process   10   This invention relates to processes for
comprising the process defined above and 55      the purification of waste
effluent, and is  the recovery of protein and/or fat from the      further
concerned with the possibility of  eluate obtained from  the ion exchange
recovering organic pollutant of animal and  material during its
regeneration.      vegetable origin from waste effluent con-    Preferably,
the ion  exchange  material   15 taining the same, and has been devised for
comprises a cross-linked regenerated cellu- 60      use in removing protein
and fat, and par-  lose (such as viscose) modified by the intro-
ticularly, though not solely, for use in  duction of cationic or anionic
exchange      abattoirs, meat works, and other effluent groups.  The
exchange groups may be      producing organisations.
canable of anion exchange, such as amino,   20   Such effluent may vary in
composition,  alkylamino,  guanidino  and  quaternary 65      but a typical
effluent results from the use of  ammonium groups or capable of cation ex-
large quantities of water for the washing of  change, such as sulphonic
acid, phosphate      slaughter house equipment and carcasses,  and carboxyl
groups. The cross-linking may      which effluent contains appreciable
amounts  be provided by treatment of the regenerated   25 of soluble
protein, and suspended or col-  cellulose with an aldehyde, such as form-
70      loidal protein material, together with a cer-  aldehyde, under acid
conditions, Alterna-      tain amount of particulate tissue fragments
tively the cross-linking may be achieved by      and fat.
treatment with epichlorhydrin under basic        At present, such effluents
are often dis-  conditions or physically, by exposure of the   30 charged
with the proteins and other meta-  cellulose to high intensity ionising
radiation. 75      bolic products still in the effluent, which has    The
preparation and properties of such      considerable disadvantages,
resulting from  ion exchange materials are set out in our      loss of such
products, and also from the  co-pending Application No. 35099/69 (Serial
fact that the effluent is not subsequently  No. 1,226,448).   35 re-usable,
and tends to cause pollution.   The invention will now be further de- 80
According to this invention we provide a  scribed by way of example with
reference      process for the purification of liquid waste  to the
accompanying drawings in which,      effluents containing protein and/or
fat said    Figure 1 is a block diagram of apparatus      process
comprising the alternation of the  for use in treating effluent according
to the   40 step of passing the effluent through at least invention,
85      one bed of a particulate ion exchange    Figure 2 is a diagram of
an experimental      material to remove at least the major portion  filter
bed complex using a particulate filter,      of the said protein and/or fat
from  the    Figure 3 shows a simple experimental re-      effluent, and
the step of regenerating the  generation cycle,   45 ion exchange material.
Figures 4, 5 and 6, show steps in an alter- 90      [Price 25p]     
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2     native "merry-go-round " regeneration sys-  may be an alternative
tank), through leads    tem.                                         29, 30
and 31. Backwashing and regener      Referring to the drawings, a receiving
tion is accomplished somewhat as described    vessel 1, is provided,
adapted to receive waste  in connection with Figure 1.  The tanks  5
effluents. For example, in a freezing works  may be of any suitable size,
for example, 70    the effluents may be from a slaughter board  for
experimental purposes, these tanks have    drain 2, a casing drain 3, a
skin wash drain  been made in four inch diameter glass    4, or paunch
washings drain 5. However,  columns, and the settled heights of resin    it
is to be understood that in practice, it  have been about 12 inches high in
each 10 may be necessary or desirable to treat de-  tank.  The  flow  rate
in  this case, is 75    partmental wastes separately. From the re-
approximately eight gallons per hour, and    ceiving vessel 1, the washings
or effluent  the dead volume in each tank, about one gal-    are  passed
through  a  mechanical pre-  lon per tank. For a pilot plant, the tanks
treatment section 6 where, for example, the  could be approximately three
feet in dia- 15 treatment merely consists of passing the  meter, and ten
feet high, holding a total 80    material through a 60 mesh sieve to at
least  quantity  of approximately  one  ton  of    partly  remove  solids
contained  in  the  granular ion exchange resin. For a full scale
effluent, the sieve being provided with suit-  plant, an input of 1 million
gallons per day,    able means whereby the collected material  which
indicates the size of beds required, 20 may be removed, either continuously
or  would be equivalent to a bed seventy feet 85    from time to time.
Alternatively, on a larger  in diameter, and five feet deep. Of course,
scale a rotary vacuum filter could be used.  the area of the bed could be
spread over    Following mechanical treatment, the effluent  several tanks.
These figures are based on    passes to a filter bed 7 in which the filter
the ion exchangers described in our co- 25 bed comprises a particulate
resin organic  pending Application No. 35099/69 (Serial 90    ion exchange
material capable of taking up  No. 1,226,448) using the very simplest form
at least the major portion of protein and/or  of operation.    fat
remaining in the effluent.  After such    In view of the fact that the
effluent con-    treatment, we have found it preferable that  tains a wide
range of proteins with different 30 the effluent be further treated by a
fibrous  iso electric points, it may not be possible to 95    resin in a
scavenger bed 8. Following this,  take up the protein and fat material in
an    the effluent may pass either directly through  ion exchange bed in a
single state with    conduit 9, to a waste discharge station, or
acceptable efficiency. Accordingly, a more    may be passed through a
percolating filter  complete taking up of protein and/or fat 35 or bone
char filter 10 whereupon the out-  from the effluent may be obtained by
passing 100    going effluent from conduit 11 leading from  the effluent
through two types of bed in    filter 10 may be chlorinated and re-used.
series one in the hydroxide form, and the      Both the filter bed 7 and
scavenger bed 8  other in acid form. Various arrangements    may be
backwashed when desired to dis-  have been used experimentally. 40 lodge
solid matter from  the resins.  The    In Figure 3, a simple regeneration
system  105    backwash waters may be also conducted to  is shown, in which
the beds shown diagram-    the filter 10 by means of conduits 12, 13 and
matically at 32, comprise granular beds in    14. During the regeneration
of the resin in  acid form, the beds 33 and granular beds    the filter bed
7, the effluent containing the  in basic form, and beds 34 comprise further
45 released protein and/or fat may be collected  beds in which there is a
resin in fibrous or 110    through conduit 15. Similarly, during re-
sponge form forming a scavenging filter. The    generation of the fibrous
resin in the scaven-  fibrous form of resin may be, for example,    ger bed
8, released protein and/or fat may  diethyl aminoethyl cellulose, or
carboxy    be collected through conduit 17.  Waste  methyl cellulose, which
are particularly use- 50 liquors which do not need to go through  ful for
removing protein and fat which may 115    the filter 10 may be withdrawn
from the filter  break through the particulate resin beds as    bed 7 and
scavenger bed 8 through conduits  they approach complete exhaustion. It
would    16 and 9 respectively.                      not be practicable to
apply the raw effluent      Referring now to Figure 2, the equipment
directly to the scavenging filter, in view of 55 shown in the block diagram
of Figure 1  the large amounts of colloidal or suspended 120    under
reference 7, may take the shape of a  matter which is present in the raw
effluent,    series of tanks 18 to 25, the first group 18-21  and which
would result in rapid clogging of    being connected in series, and the
second  the scavenging filter. It is to be understood    group 22-25 being
also connected in series, that when the beds 32 to 34 are in use, the 60
the first group supplying an output 26, the  beds 35, 36 and 37 correspond
with the beds 125    second group supplying an output at 27.  32 to 34, are
being regenerated, regeneration    and both groups leading to beds of
fibrous  being effected by treating the ion exchange    resin. The two
groups of tanks are supplied  material with a solution which may consist
from a supply tank 28, which is the pure-  of a solution of acid or alkali
or mineral 65 treatment tank 6 shown in Figure 1, (or salt or a mixture of
these. During the re- 130  
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3     generation process, the protein and fat are  filters 40 receive input
from the conduit 46,    removed from the beds as a relatively con-  the
effluent then passing to granular filters    centrated solution.  When
regeneration is  38, and the effluent then passing to fibrous    complete,
i.e. when the application of a  filters 41; granular filters 39 and fibrous
5 further amount of regenerant solution pro-  filters 42 are regenerating
during this part 70    duces no significant quantities of protein  of the
cycle.  This arrangement has the    and/or fat, the bed is washed with
water to  advantage that a newly regenerated filter bed    remove excess
regenerant solution, and the  is the second in a series of two filter beds,
bed is then ready for a further cycle of  the first in the set being a
filter bed which 10 effluent purification.  The process consists  has
previously been used for purification, 75    generally, of alternating
cycles of effluent  and accordingly, its take up capacity is    penetration
and regeneration of the resin  utilised to the best advantage.    bed.  The
period of time during which    Because the regenerant after it has passed
effluent is passed through a bed or series  through the beds would itself
constitute a 15 of beds before regeneration is started, de-  pollutant and
because it contains valuable 80    pends on the purpose of the treatment of
protein and fat, it is preferably treated so    the effluent. If the
purpose of the treatment  that protein and fat may be recovered for    is
to achieve the maximum uptake of pro-  use in, for example, animal
nutrition. Fur-    tein and fat from  the effluent, then for a  thermore,
the water from  which the pro- 20 given weight of resin, it is necessary
that  tein and fat has been removed, may also be 85    the capacity of the
resin should be as nearly  passed to waste, but it is believed that this
as possible completely exhausted.  Under  water will have been purified
sufficiently, to    these conditions, protein and fat will leak or  enable
the water to be reused for certain    break through the bed or beds in
increasing  rough cleansing purposes, for example, hide 25 amounts as the
bed or beds become more  washing.                                        90
and more nearly exhausted, so that a pro-    A large proportion of the
protein and fat    portion of the resultant effluent will still con-  may
be precipitated from  the regenerant    tain considerable proportions of
protein and  solution by adjustment of the pH  value,    fat. On the other
hand, if the main purpose  and subsequent coagulation by heating the 30 is
to purify the effluent, then passing of  solution. The coagulated denatured
protein 95    effluent through the beds will be discon-  may be separated
by filtration, and may then    tinued sooner and the extent to which the
be oven dried. For example, two pounds of    capacity is exhausted will be
decided on by  exhausted resin bed material, washed with    economic and
other factors since, of course,  one gallon of a sodium hydroxide solution
35 it is not possible to completely free the  (2lbs N  a OH  to  100lbs
water) for 60 100    effluent of fat and protein under normal  minutes;
after neutralisation, heating filtra-    commercial working.
tion, and drying may yield approximately      We have found that even after
the use of  100 grammes of dry protein and fat.  In    a fibrous scavenger
there is some fat and  experiments conducted on growing chickens, 40
protein left in the effluent, and in addition,  using the recovered protein
and fat, good 105    there is some odour due possible to amines  results
and food conversion were obtained    resulting from  degradation of the
protein.  using the dry effluent product, and conse-    These may be
reduced by using the per-  quently it has been established that the
colating filter or bone char, activated carbon  effluent product
constitutes a valuable pro- 45 or coke filter 10 referred to in connection
duct for poultry feeds. The dried effluent 110    with Figure 1.
product is a high quality portein from the      In relation to
regeneration, a " merrygo-  nutritional point of view.    round "
regeneration cycle may be used as    Experiments were carried out using an
shown in Figures 4 to 6. In this arrange-  effluent consisting of skin
washings, on the 50 ment, three sets of ion exchange filters 38,  input and
output to each set of columns 115    39 and 40 are of particulate or
granular  shown in Figure 2, i.e. the set consisting of    form, the two
sets of filters 41 and 42 are  a single acid form  (SO[err] form) column
and    of the fibrous form. In Figure 4, the input  three basic form (OH
form) columns and the    43, is led into granular filters 38, the effluent
alternative set consisting of three acid form 55 therefrom passing to the
granular filters 39,  columns and a single basic form  column. 120    and
then through the fibrous filters 41 to the  Measurements of the BOD
(Biological Oxy-    output 44. In the meantime, granular filters  gen
Demand), of the input and output and    40 and fibrous filter 42 are being
regenerated.  estimation of the solids recovery from  the    In Figure 5,
the granular filters 39 receive  two sets of columns showed that the
single- 60 input from conduit 45, the effluent is passed  three basic form
set gave a lower recovery 125    to granular filters 40, then to fibrous
filters  of solids and a higher output BOD  than    42, to the output 46.
In the meantime,  the three acid-single basic form arrangement.    granular
filters 38 and fibrous filters 41 are  The three acid-single basic form set
gave a 



regenerating. In Figure 6, in the third step  yield of 57 gms. recovered
solids, while the 65 of the merrygoround cycle, the granular  single
acid-three basic form set gave a cor- 130        4
1 227 906                                       4     responding yield of
35 gms.                 wherein said beds are placed in series, some
Further experiments were carried out to  of the beds being in the hydroxide
form,    show the effect of the addition of a fibrous  and some of the beds
being in the acid form.    scavenging bed using " Saveall Effluent ",
10. A process as claimed in any one of  5 i.e. effluent which is a sample
of all the  the preceding Claims, wherein the effluent    effluent from a
freezing works, in which a  after treatment in said bed of a particulate
set of four granular beds arranged in three  ion exchange material, is
further treated in 60    acid to one basic form were followed by a  a bed
of a fibrous or sponge form of resin.    scavenging filter in the OH form.
It was    11. A  process as claimed in Claim  10  5 shown that the addition
of a scavenging filter  wherein said fibrous or sponge form of resin
kept the BOD below 100 p.p.m. during the  comprises diethyl aminoethyl
cellulose, or    passage of thirty eight gallons of Saveall  carboxymethyl
cellulose.                   65    effluent, and a protein assay showed
that    12. A process as claimed in any one of    very little protein had
gone to waste.     the preceding Claims, wherein the effluent is 15   WHAT
WE CLAIM  IS:-                       further treated by passing it through
a per-       1. A process for the purification of liquid  colating filter
or an activated carbon, bone    waste effluents containing protein and/or
char or coke filter.                        70    fat said process
comprising the alternation of    13. A process as claimed in any one of
the step of passing the effluent through at  the preceding Claims wherein
the effluent 20 least one bed of a particulate ion exchange  containing
protein and/or fat has been sub-     material to remove at least the major
por-  jected to mechanical pre-treatment for at     tion of the said
protein and/or fat from the  least partly removing solids prior to its 75
effluent, and the step of regenerating the ion  passage through the
particulate ion exchange     exchange material.
material. 25   2. A process as claimed in Claim 1 where-    14. A process
for recovering protein and!    in said ion exchange material comprises a
or fat from  waste effluent containing the    cross-linked regenerated
cellulose modified  same, which process comprises the process 80    by the
introduction of cationic or anionic  according to any one of the preceding
exchange groups.                            Claims and the recovery of
protein and/or 30   3. A process as claimed in Claim 2 where-  fat from the
eluate obtained from the ion     in the regenerated cellulose is viscose.
exchange material during its regeneration.       4. A  process as claimed
in Claim  2 or    15. A  process as claimed in Claim  14 85     Claim  3
wherein the introduced exchange  wherein recovery of protein and/or fat is
groups are capable of anion exchange and  effected by precipitating the
protein and/or 35 chosen from amino, alkylamino, guanidino  fat in the
eluate by adjustment of the pH     and quaternary ammonium groups.
value of the eluate, and subsequently co-       5. A process as claimed in
Claim  2 or  agulating the protein and/or fat by heating 90     Claim  3
wherein the introduced exchange  the eluate solution.     groups are
capable  of cation  exchange    16. A  process of purification of waste 40
and chosen from  sulfonic acid, phosphate  effluent when effected
substantially as de-     and carboxyl groups.
scribed herein with reference to the accom-       6. A process as claimed
in any one of  panying drawings.                             95     Claims
2 to 5 wherein said regenerated cellu-    17. A process for extracting
protein and/or     lose has been cross-linked with an aldehyde  fat from
waste effluents containing the same, 45 in acid medium.
when  effected  substantially  as described       7. A process as claimed
in Claim 6, where-  herein with reference to the accompanying     in  the
cross-linking  aldehyde  comprises  drawings.
100     formaldehyde.       8. A process as claimed in any one of the
MEWBURN ELLIS & CO., 50 preceding Claims wherein the effluent is
Chartered Patent Agents,     passed in series through a plurality of beds
70-72 Chancery Lane,     of ion exchange material.
London, W.C.2.       9. A  process as claimed  in Claim  8,
Agents for the Applicants.   Printed for Her Majesty's Stationery Office by
The Tweeddale Press Ltd., Berwick-upon-Tweed, 1971. Published at the Patent
Office, 25 Southampton Buildings, London, WC2A lAY, from which copies may
be obtained   
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4         responding yield of 35 gms.                   wherein said beds
are placed in series, some          Further experiments were carried out to
of the beds being  in  the  hydroxide forme        show the effect of the
addition of a fibrous  and some of the beds being in the acid form.
scavenging bed using "Saveall Effluent ",    10. A  process as claimed in
any one of      5 i.e. effluent which is a sample of all the  the preceding
Claims, wherein the effluent        effluent from a freezing works, in
which a  after treatment in said bed of a particulate        set of four
granular beds arranged in three  ion exchange material, is further treated
in 60        acid to one basic form were followed by a  a bed of a fibrous
or sponge form of resin.        scavenging filter in the OH  form.  It was
11. A  process as claimed in Claim  10     5 shown that the addition of a
scavenging filter  wherein said fibrous or sponge form of resin       kept
the BOD below 100 p.p.m. during the  comprises diethyl aminoethyl
cellulose, or       passage of thirty eight gallons of Saveall
carboxymethyl cellulose.                      65       effluent, and a
protein assay showed that    12. A process as claimed in any one of
very little protein had gone to waste.        the preceding Claims, wherein
the effluent is    15   WHAT WE CLAIM  IS:-                         further
treated by passing it through a per-          1. A process for the
purification of liquid  colating filter or an activated carbon, bone
waste effluents containing protein  and/or  char or coke filter.
70       fat said process comprising the alternation of    13. A process as
claimed in any one of       the step of passing the effluent through at
the preceding Claims wherein the effluent   20 least one bed of a
particulate ion exchange  containing protein and/or fat has been sub-
material to remove at least the major por-  jected to mechanical
pre-treatment for at       tion of the said protein and/or fat from the
least partly removing  solids prior to its 75       effluent, and the step
of regenerating the ion   passage through the particulate ion exchange
exchange material.                            material.   25   2. A process
as claimed in Claim 1 where-    14. A process for recovering protein and/
in said ion exchange material comprises a  or fat from   waste effluent
containing the      cross-linked regenerated cellulose modified  same,
which process comprises the process 80      by the introduction of cationic
or anionic  according  to any  one  of the  preceding      exchange groups.
Claims and the recovery of protein and/or   30   3. A process as claimed in
Claim 2 where-  fat from   the eluate obtained from  the ion      in the
regenerated cellulose is viscose.      exchange material during its
regeneration.        4. A  process as claimed in Claim   2 or    15. A
process as claimed in Claim   14 85      Claim  3 wherein the introduced
exchange  wherein recovery of protein and/or fat is      groups are capable
of anion exchange and  effected by precipitating the protein and/or  35
chosen from  amino, alkylamino, guanidino  fat in the eluate by adjustment
of the pH      and quaternary ammonium  groups.              value of the
eluate, and subsequently co-        5. A   process as claimed in Claim  2
or  agulating the protein and/or fat by heating 90      Claim  3 wherein
the introduced  exchange  the eluate solution.      groups  are  capable
of cation   exchange    16. A   process of purification   of waste  40 and
chosen from   sulfonic acid, phosphate  effluent when  effected
substantially  as de-     and carboxyl groups.
scribed herein with reference to the accom-       6. A   process as claimed
in  any  one of  panying drawings.                           95     Claims
2 to 5 wherein said regenerated cellu-   17. A process for extracting
protein and/or     lose has been cross-linked with an aldehyde  fat from
waste effluents containing the same, 45 in  acid  medium.
when   effected   substantially   as   described       7. A  process as
claimed in Claim  6, where-  herein  with  reference  to  the  accompanying
in  the  cross-linking   aldehyde   comprises  drawings.
100     formaldehyde.       8. A  process as claimed  in any  one of the
MEWBURN  ELLIS  & CO 50 preceding  Claims  wherein  the  effluent  is
Chartered  Patent  Agents,    passed  in series through  a  plurality  of
beds        70-72  Chancery  Lane,    of ion  exchange  material.
London, W.C.2.       9. A     process   as  claimed   in  Claim   8,
Agents for  the  Applicants.  Printed for Her Majesty's Stationery Office
by The Tweeddale Press Ltd. Berwick-upon-Tweed, 1971. Published at the
Patent Office, 25 Southampton Buildings, London, WC2A lAY, from which
copies may                                            be obtained    


