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invention is directed to r g the —concentration of offensive
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15 containing ammonia. ,,“
Waste water, streams fnom‘lndustrlal plants, includlng

petroleum reflnerles, chemlcar plants, pulp and paper
plants, m1n1ng oper‘atlonsﬂ electroplatlng operations, and
food proce551ng plants, - car contaln offensive substances

20 such as cyanides, sulfldes, sulfites, thiosulfates,
mercaptans, disulfides, ammonia and mlxtures thereof, that
tend to.increase the chemical oxygen demand (cbn) of the
waste water streams. Examples of these waste water streams
in petroleum refineries include sourWatef, soﬁrwater

25 stripper bottoms, and spent caustics. The term "waste -
water" is used herein to refer to the above described
streams.'

The Environmental Protection Agency (EPA) and various:

local government agencies have placed limits on the

30 allowable levels of these offensive substances in
industrial waste water effluent streams. It is desired to-
develop a process suitable for treating these streams to
meet the regulatory limits.

Methods for COD reduction by reducing the

35 concentration in the waste water of one or more of these
compounds include treatment of the waste water by
precipitation, incineration, biological oxidation, and



i ndustrial waste water effluent streams. It is desired to devel op a

priocess suitpbjgzjor treating these streans to neet the regul atory
limts. Met hods for COD reducti-en by reducing the 35
copcentration in the waste water of one eg-nnre of these conpounds
I ncl.ude treatnent of the waste water by - precipitation, incineration,
bi ol-ogi cal" oxi dati on, and F- 7334 '
-2-. chem cal oxidation using peroxoacids, [err] [err] [err]
and [err] among others. Catalysts containing nétals such as copper,
manganese, r¢kemicaboouidation usingspenoxangids: oy ngN@EKan
either in a égéub|§né KMh8' M Qhoh§ gtﬁgggortgqtgﬁ have al so
been ment i dn as useftll for ‘waste water oxi t|on

known t hat tm%téhﬁrtﬁﬁﬁhoﬁs[GPPPerpEaESﬁHG§ﬁdsP1§§@Hra§qP§¥H, al kal i
and al kal i net@ﬁggbeﬁul ahae&neadlhinsulahbhgs othBfs, eithelratigd € HIWYIE tO

- the wast

enhances the c lLytic oxidation of c |de but al so
| nor easdh { NESER,GEALh & SPBRAEF R AEe BRPLAFoEo LR R0 oY Ao R 8 t om
The connentlanednasfushfuayfnrdwasteoWheerobkadabmaneubimanﬁealso in
the waste wafg reat «a&Co |
conventi onal négﬂ2¥h§ t gg %Pw?%goh S% t§2rrggg‘e %o%bqﬁﬂ ént : nf%atléﬂs
Q her probl eabkalihandnadkailinsl ear audfates: and Pé@ﬂﬁ@lﬂ-fteﬁrro@é%ises for

streams havi f‘glated &eh@bmsaby tbowneO%e&br ahiteRs epha®icded The caltiahAees
I ncl ude hig I gh” severity % the pqtential for the
a

i ntroddd i on°i5+3ﬁh?,|@§| PngXa&}G& algpy ipgrepses: &pe oxygen

requirements of the total COD reduction system. The
concentration of the cyanide or other offensive substance
in the waste water may be too low to treat economically
using conventional means, but still too high to meet

15 effluent limitations. Other problems with conventional
waste water treatment processes for streams having
relatively low concentrations of offensive substances
include high cost, high severity, and the potential for the
introduction of undesirable substances into the treated

20 waste water, such as intentionally added So2 type compounds
and the soluble metal catalysts mentioned above. Even
where water insoluble metal catalysts are used, a
relatively small ammonia concentration in the waste water
tends to form ammonia-metal complexes and to leach the

25 metal from the catalyst into the treated waste water.
_Aléo, many of the previouély known processes for waste
water oxidation may be intolerant of process upsets, for
example, significant pH changes may destroy the catalyst,
possibly through leaching, precipitation, or destruction of

30 the physical integrity of the catalyst.

For the above reaSons, it is desired to develop an
inexpensive, mild, catalytic waste water oxidation process
that is effective to remove low concentrations of offensive
substances and is sufficiently robust to allow recovery

35 from process upsets without replacement of the catalyst.
More specifically, it is desired to develop a rejuvenative,
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The invention generally provides a method for treating
waste water comprising directing a source of oxygen and a
15 waste water containing at least one offensive substance
selected from the group consisting of cyanide, sulfide,
sulfite, thiosulfate, mercaptan, disulfide, ammonia and
mixtures thereof over a high surface area, porous material
in a reaction zone,'thereby producing a treated waste
20 water. The porous material should have less than 10,000
parts per million, ppm, of a metal compound thereon. The
metal compound should be one that is effective to catalyze
the oxidation in waste water of the offensive substance.
The reaction zone should be operated under conditions
25 effective to reduce the concentration of the offensive
substance contained in the waste water, for example, the
conditions may include a temperature of from 38°C (100°F)
to 204°C (400°F) and a pH of from 6 to 14. An amount
sufficient to maintain a concentration of the metal
30 compound mentioned above in the treated waste water at a
level less than 5 ppm, specifically between 1 ppm and 0.001
ppm, is added either continuously or intermittently to the
waste water prior to directing it into the reaction zone.
The treated waste water is dischérged from the reaction
35 zone.



10 oxygen, an adsorbent substrate having a high surface area, and a
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waste water, for example, the conditions may include a
temperature of from 49°C (120°F) to 121°C (250°F) and a pH
of from 8 to 13. A sufficient amount of a soluble form of

1

copper is added either continuously or intermittently to

15  the waste water prior to directing it into the reaction
zone to maintain a concentration of copper on the adsorbent
at a level up to 5,000 ppm, and in the treated waste water
at a level between 1.0 ppm and 0.001 ppm. Then the treated
waste water is discharged from the reaction zone.

20 In the drawings, Figure 1 is a graph showing the
equilibrium absorption curve of copper in water on
activated carbon. '

Figure 2 is a graph demonstrating the effects of
various operating parameter changes on cyanide removal

25 efficiency. '

Figure 3 is a graph demonstrating the effects of
various operating parameters on cyanide removal efficiency.

The invention is a process for reducing the
concentration of offensive substances and for oxidizing COD

30 causing materials, including, for example, cyanide,
sulfide, sulfite, thiosulfate, mercaptan, disulfide,
ammonia and mixtures thereof from waste water in the
presence of a source of oxygen through the use 6f'an
adsorbent substrate and a compound effective to catalyze

35 oxidation of the offensive substances. The process is
economically advantageous because it employs a long lasting



The invention particularly provides a nmethod for treating waste water
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concentration can cause severe cyanide corrosion of the
equipment. Currently, polysulfide is typically added to
convert the cyanide (CN") to thiocyanate (SCN") to reduce or

_ eliminate the corrosion problem. SCN- remains in the waste

20 water. Even though it is not currently regulated, the
presence of SCN- in the waste water increases the sulfur
and nitrogen concentration in the waste water. It is
desirable to convert the high levels of cyanide in this

g% type of product stream to innocuous compounds. This type

25 of product stream is also included in the "waste water" '
streams that may be treated by the method of this
invention. '

Cyanides exist in waste water in both free and

complexed forms. Metal complexed cyanide is frequently so.

30 stable that direct oxidation is impossible. Even processes
using hydrogen peroxide and a homogeneous catalyst may be-
unable to oxidize metal complexed cyanides due to short
residence times. Without intending to be bound thereby, it
is believed that the metal complexed cyanide must

35 dissociate before it can be oxidized. Through the use of
heterogeneous copper containing adsorbent catalysts, such
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Thus, unlike the homogenecus system which is limited by the

15 dissociation rate of the metal complexed cyanide, and thus
is ineffective for removing the metal complexed cyanide,
the heterogeneous catalytic system of this invention is
capable of removing both free and complexed cyanides.

The process of this invention comprises passing the

20 waste water to be treated along with a source of oxygen
over a porous, high surface area adsorbent in a reaction
zone. The adsorbent, when combined with a metal compound
which is effective to catalyze oxidation of the offensive

- substances mentioned above produces a heterogeneous

25 catalyst useful in this invention. After some of the metal
compound has been stripped or leached off the adsorbent,
additional metal compound may be added to the waste water
to rejuvenate the system. This additional metal compound
may be added continuously or intermittently, as desired.

30 The metal compound may be present in the adsorbent as it is
produced or manufactured or it may be intentionally added
to activate the catalyst for the process of this invention.
Addition of the metal compound to the adsorbent may be done
in any suitable fashion, for example, by impregnation, ion-

35 exchange, or in other effective ways. The metal compound
may also be added to a solvent or to the waste water and
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desired metal specification in the effluent water. For
minimizing the metal content in the effluent water, the
continuous rejuvenation technique is preferred.

Adsorbent Substrate

15 Many porous, high surface area materials are suitable
for use in this invention. Preferred materials are those
capable of adsorbing and concentrating soluble metal
compounds and the offensive compounds, such as cyanide,
sulfides, and thiosulfate, from water. Each adsorbent

20 useful in this invention has associated with it a high
adsorption equilibrium for the catalytic metal and for the
offensive compound that effectivly concentrates the
material on the adsorbent over the level of that material
in the water. Preferred adsorbents for this invention are

25 those that generally concentrate the metal compound over 10
times the concentration of the metal compound in the water,
specifically over 100 times, more specifically over 500 '
times, most specifically about 700 to 1,000 times or more.
Figure 1 shows an equilibrium adsorption curve for copper

30 on activated carbon. This equilibrium adsorption curve was
prepared by the following method.

ilibrium Adsorption Curve
A base copper solution was prepared by dissolving 0.2
N cupric nitrate, Cu(No3)2, in water with 200 ppm ammonia,
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concentration = Asieanobersganrid. Figereof¢ent pphi coppert ia watar denpound
| estimated to be in equilibrium with 800 ppm copper on
activated carbon. In a steady state operation, a make-up
rate of 1 ppm soluble copper in waste water should result
15 in a concentration of 800 ppm copper on an activated carbon-
catalyst and, also, a concentration of 1 ppm copper in the
treated waste water. Copper concentrations higher than 800
ppm on activated carbon would tend to result in copper
concentrations higher than about 1 ppm in the treated waste
20 water, .

It should be recognized that the adsorption
equilibrium for any given metal compound on an adsorbent
may vary depending on the temperature and other'prope:ties

{ of the system. For example, higher ammonia concentrations
25 in water tend to increase the metal-ammonia complex
concentration in the water, thus allowing a higher leach
rate of the metal from the adsorbent and leading to a lower
concentration effect for the metal on the adsorbent.

The enhanced concentration of the metal compound on

30 the adsorbent due to the concentration effect is an

' important feature of this invention. This concentration
effect allows the use of a low concentration of metal
compound in the waste water to maintain a heterogeneous
catalyst that is effective for the oxidation of offensive

35 substances in waste water. The concentration of the metal
compound on the adsorbent also tends to keep the metal
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which was added to the waste water, and will meet the
desired discharge specification for the concentration of
the metal in the treated water, while the adsorbent will
contain a sufficiently high level of the metal compound to

15 be effective to catalyze the oxidation of the offensive
substances. '

As mentioned above, other porous, high surface area
adsorbents also are capable of adsorbing an equilibrium
amount of a soluble metal from the waste water and are

20 suitable in the process of this'inﬁéntion. Non-limiting
examples of these other adsorbents include natural and
synthetic zeolites, alumina, silica, and silica-alumina.
Natural zeolites include chabazite, clinoptilolite,

{ erionite, and mordenite. Examples of synthetic zeolites
25 include Zeolite A (U.S. Patent No. 2,882,243); Zeolite X
(U.S. Patent No. 2,882,244); 2Zeolite Y (U.S. Patent No.
3,130,007); 2ZSM-5 (U.S. Patent No. 3,702,886 and Re.
29,948); ZSM-11 (U.S. Patent No. 3,709,979); 2ZSM-12 (U.S.
"Patent No. 3,832,449); 2SM-21 (U.S. Patent No. 4,046,859);

30 ZSM-22 (U.S. Patent No. 4,556,477); 2SM-23 (U.S. Patent
No. 4,076,842); 2SM-35 (U.S. Patent No. 4,016,245); ZSM~
38 (U.S. Patent No. 4,406,859); ZSM-48 (U.S. Patent No.
4,397,827); 2ZSM-57 (U.S. Patent No. 4,046,685); and ZSM—
58 (U.S. Patent No. 4,417,780). '

35 -Other useful porous materials include the ion-exchange
resins and the porous resins that have not been impregnated



NH Test solutions having the desired concentration of copper

sA ution wereppygpgred by diluting the base copper solution with
water. Two granms of Cal gon CAL" activated — carbon were added to 20 m

of each of the test solutions 5 and wereiequilibrated for 16 hours at 27C
(80[err]F). The activated carbon was recovered fromthe solution and
dried at 110[err]C (230[err]F). Copper concentration of the dried
activated carbon was determ ned by atom c absorption (AA) and the

copper concent(ation of the equilibriumtest 10 sol utions was al so-
det er mi ned uswhght hbeAAchidvieonaterial needad &onmakesdden suditahle BS 1 ppm
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al so, nce ation_of 1 m_cQpp 1.0 treat d ste ter
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. tend to resul Imaec Aepmerlonac ae3dént Lewadiis MPgieor, tAldassdmn AWB{EW in the
treated wasteagfon; EbE-lO Anlonltl: ShQuh ¢ b%o%:"e‘iogtrlﬂ Z§shdiale AL OB,

adsor ption equi r|um iven metal mpound on an adsor
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al | owi ngt& hi ahePeWé§&F MiH 5|9at @7°§Ftt"ﬁel@et ML1ASSHOM £y AMRRFHL ES FRC
| eading to a BO\{\BAmberllt@n(IRm-Bat | mwefxf wa-uqr Uizhﬂ.nﬁﬁ #s-@3B ! IDuolite

SO bent 80 MR B ERSSAGEORRIA! L1 8 (Rl S on 30

of this invenel7op. KabtelcOrdontr dewakit CNOBfM@@atmﬁ(ﬁerﬂﬂalﬂﬂfaﬁltiqﬂnN

concentrationggf_ gg&.gl 2 6 z%gmgg 1% U RS A R iRfed MRINtaIi N a

het er ogeneous hat 1S eﬁfectlve for the oxidation of

of f ensi vk Amberllte I -400 Amberlite IRA-900, Amberlite IRA-910,
Ionac A-540, Ionac A-641, Amberlite IR-120, Amberlite IR—
200, Amberlist-15, Amberlist-1010, Dowex 50, Ionac A-380,
Ionac C-240, Ionac C-249, and Ionac C-253. These resins
are variously described in U.S. Patent Nos. 5,292,493 and

20 4,795,565. '

Particularly useful adsorbent materials include
graphite and the various charcoals produced by the
destructive dlstlllatlon of wood, peat, 'lignite, bltumlnous '
coal, nutshells, bones, and other carbonaceous matter, and

25 preferably such bituminous coals and charcoals as have been
heat-treated or chemically treated or both, to form a
highly porous particle structure of increased adsorption
capacity, and generally defined as activated carbon or
charcoal. Any particular solid adsorbent material is

30 selected for use in the process of this invention with
regard to its chemical and physical stabilities under
conditions of intended use. With regard to its intended
use in aqueous systems, perhaps the most important property
of the adsorbent support is its adsorption capability as

35 well as unreactivity in the aqueous systems. Charcoal, and
particularly activated carbon or charcoal is preferred



35 substances in waste water. The concentration of the netal

cofrpound on tfeygglgorbent al so tends to keep the netal F- 7334
-9-- concentration in the treated water | ower to neet the

desired di scharge specification. In the exsasl e gi ven above, the
act’i vat ed carbon can be used to increase the copper concentration on
t he adsorbent surface to levels 5 adequate to catal yze the oxidation
reactions in the dilute solution. A concentration of 500 ppm copper
on the activated carbon is believed to be high enough to be
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concentrations of the netal ngoun whi ch was added to the waste
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; invention in spite of the fact that the present invention
| concerns a liquid phase operation. Other activated carbons
from the same manufacturers that may be useful in the
process of this invention include ATOCHEM™ CECARBON™ AW 830
15 and Calgon C".

A packed bed provides an effective and efficient
contactor. 1In the packed bed, the reaction zone proceeds
along the direction of flow. To minimize the pressure drop
across the bed and alleviate potential plugging by debris,

20 the reactor can be operated with the bed expanded slightly,
but with less than 20% expansion. The reactor also can be
operated at conditions for an ebullient bed, a fluidized
bed, a spouting bed, or in a slurry operation. The use of

( filters or guard beds may also be helpful to avoid plugging
25  the catalyst bed due to debris.

The form and the particle size of the support are not
critical to the present invention and may vary depending,
for example, on the type of reaction system employed. Non-
llimiting examples of the shépes of the adsorbent for use in

30 the present invention include granules, balls, pebbles,
spheres, beads, extrudates, channeled monoliths,
microspheres, pellets or structural shapes, such as lobes,
pills, cakes, powders, and the like, formed from
conventional methods, such as extrusion or spray drying.

35 Preferred shapes include granules, beads, balls, pebbles,
spheres, extrudates, microspheres, pellets, and structural



25 include Zeolite A (U. S. Patent No. 2,882,243); Zeolite X (U. S

Patent No. 2p8§33444); Zeolite Y (U. S. Patent No. 3, 130, 007); ZSM 5
(U-S. Patent No. 3,702,886 and Re. 29948); ZSM 11 (U. S. Patent No.
3,709,979); ZSM12 (U. S Pat ent No. ~32832, 449); ZSM 21 (U.S. Patent
No® 4,046,859); 30 ZSM22 (U.S. Patent No. 4,556,477); ZSM 23 (U.S.
Pat ent No. 4,076,842); ZSM35 (U.S. Patent No. 4,016, 245); ZSM
38 (U.S. Patent No. 4,406,859); ZSM48 (U.S. Patent No. 4, 397, 827) ;
ZSM 57 (U. S. Patent No. 4,046,685); and ZSM 58 (U. S. Patent No.

4,417,780). SBapes. Woere, fouf exappleys thet diindls particlkes are
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57 |, Pong. ™ 4800 4BEm] te e, iy i(?{gg fndkiyg progerardy d\fe .
De- Aci di t e EmmD§&l. l0t3e1l¥061) bieol3i-8d mm KD .157 inch)at iarmqf-w uggfuls WD,
Al'l assi on CCesﬁE@i‘é'l'l&e 1|nR§1xed beraoop@iié‘i:r ldr<t, | R rddury €8R 1,

Duolite ES—631 Duql Duolite CS—lOO Duol1te CS-101, | nmac
z-5, 1oh%c cf “1d122¢0b%§t1’at9@sloet BSvPnafeawsd Whak i themaiRE wof at i t
QN; amount by weight of the particles have a diameter in the

range of 10 um (10 microns) to 5000 um (5,000 microns),
more preferably 20 um (20 microns) to 1000 um (1,000
microns).

15 Catalytic Metals
Metal compounds useful in the process of this

invention are those which are active to oxidize the
offensive substances contained in the wastewater. Non-
limiting examples of these metals include copper, nickel,

20 cobalt, molybdenum, tungsten, silver, palladium, platinum,
iron, manganese, and mixtures thereof. These metals are
useful in any form that can be dissolved into a suitable
solvent or water for injection into the system. For
example, ammonia, NH3, can be added tb the_metal to form

25 water soluble complexes. Examples containing copper
include, cupric acetate, cupric chloride, cupric cyanide,
cupric sulfate and cupric sulfite, among others. Other-
water soluble complexes, such as cyano complexes and
amines, are also contemplated. Amine complexes can be

30 formed by first dissolving the metal in an acid, e.g., aqua
regia, and then adding an amine such as ammonium hydroxide,
i.e. ammonia solution until the entire solution becomes

_ pasic. 'Aiternatively, a salt of the metal can be contacted.

with an amine solution, e.g., ammonia solution, until the



Zeo-Karb 216, Zeo-Karb 226, Dowex 21K, Dowex Ms-1, 15 Amberlite | RA-400,
Atberlite | Rp9g9g8,4 Anberlite | RA-910, | onac A-540, lonac A-641,
Anberlite I R-120, Anberlite IR 200, -Anberlist-15, Anmberlist-1010,
Dowex 50, |onac A-380, | onac C- 240, -pgrac C- 249, and lonac C 253.
These resins are variously described in U S. Patent Nos. 5,292,493 and
20 4,795, 565. Particul arly useful adsorbent materials include
graphite and the various charcoal s produced by the destructive
distillation of wood, peat, lignite, bitun nous coal, nutshells,

bones, and oShdHtignhbesomess bagicer toaferre th%mgllm aminen nous
coal s and chapgppakg.as have been heat-treated or chemcally treated or
both, to forma hi ghl porous particle structure of increased
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' to the concentratlon of the offensive substances in the
waste water.
According to the method of this invention, the metal
compound may be added to the waste water either
15 continuously or intermittently. Generally, the metal
compound is added to the waste water in a concentration
effective to produce a metal concentration in the treated
waste water of less than 5 ppn, specificélly less than 3
ppm, more specifically less than 1 ppm, still more
20 specifically less than 0.5 ppm, even still more
specifically less than 0.1 ppm, most specifically less than
any local regulatory limit for the metal compound used. As
noted above, at equilibrium, the concentration of soluble
L metal compound in the waste water being treated will be
25 approximately equal to that in the treated waste water.
The term "approximately equal® is also intended to cover
those situations where an equilibrium has not yet been
established between the concentration of soluble metal
compound in the waste water and the concentration of the
30 metal compound on the adsorbent. In those situations, the
concentration of metal compound in the treated waste water
may be substantially different, e.g., by a factor of 5 or
10 or more, from the concentration of metal compound in the
waste water feed. Examples of situaﬁions where an
35 equilibrium might not exist between the concentration of
soluble metal compound in the waste water and the



are identified by the manufacturers as suitable for use in 5 vapor phase

applicati onsp-g3g84. ATOCCHEM err] CECARBON err] GAC 616 .G and Cal gon
BPt[err], and as suitable for use in liquid phase applications, e.g.,
ATOCHEN[err] CECARBON err] GAC 830 and Gaggeon CAL[err]. Due to higher
hat dness and i ncreased abrasion resi stance, carbon designated for
vapor phase applications 10 I.s generally preferred for use in the nethod
of this invention in spite of the fact that the present invention
concerns a liquid phase operation. O her activated carbons fromthe
same nanufac@qm@eatrhhiona9fbmeugéfgbmpnundeon thepadsesbent timcdudeventi on
_include AT [ eprbclbtiBlts, 80¢1GALY8N Cretil
an contactor. In the

A packed be ErOVIdeS an effective
packed bed, *®sorkent;ofhapgespipcWagte watey sﬁgppﬁétapnecﬂ-gn of flow To

mnimze thehﬂgﬁéﬁubﬂ ﬂbﬁér concafteasibieokednabeial beVisahne %h@it i al

I ' by d t b ted wwth the b ded
Gl i ohtlyy " Eontkitypp, a8 PRanespyFaRparebhre. PREndERc: oNBEPL S8 ho

operated at mehaltconsehtr ianthbeutikeatedbedter bikceddsethe deslieed a
SEou g o SepREEpRFIpH, YShEcaLtan vIU8sUSGnthe reoylle Ehatifl

beds may al s fo avoi
debri s. the prqrﬁesaSor—m aﬁblﬁﬁé Ehﬁt ﬂ@ﬁérgﬂzeqmltlh@wupp@mk;rwrwot

critical to the pggs$eat th8VABHmAN éBﬂcEﬁ!r&ﬁi&ndQEeEﬂb”&oluble @eadxanpl e,
on the:%¥pe of reaction Sésten1e l'imting exanples of the

shapes t NEOBBSBRBeAR FBE Uéﬁtﬁnwééer Fﬁebﬁr§§§ﬁFepnvy A1 R ude
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structura
15 compound concentrations of 0.5 ppm, specifically 0.1 ppmn.

The process of this invention is also effective with
intermittent addition of the soluble metal compound to the
waste water to be treated. Naturally the concentration of
the metal compound in the waste water for intermittent

20 rejuvenation will be higher than the concentration needed
for continuous rejuvenation. Again, the concentration of
the metal compound in the treated waste water may be used
as an indicator. .

{ If desired, the adsorbent may be activated using a

25 relatively high concentration of soluble metal compound in
water or another solvent. During the activation of the
adsorbent, suitable metal concentrations in the solvent are
those which produce the desired metal concentration on the:
adsorbent in a reasonable time without generation of an

30 excessive amount of contaminated solvent. Examples of
metals concentrations that may be useful for adsorbent
activation include 1 to 10 bed volumes of solution
containing generally 10,000 ppm, specifically 1000 ppn,
more specifically 500 ppm of the metal compound.

35 Finally, as mentioned above, the adsorbent may be
prepared with or already include a suitable concentration



F- 7334 -12- shapes. Were, for

exanpl e, the gdgydg particles are desi gned for use as .a fixed or
expanded bed, the particles may preferably be formed into particles
havi ng a mi ni num di mensi on of at |eags<0.25 nm (0.01 inch) and a

maXi mum 5 di mension of up to 12.7 mm (one-half inch) or 25.4 mm (one

I nch) or nore. Spherical particles having a dianeter of 0.76 nn1(0.03
inch) to 6.35 mm (0.25 inch), preferably 0.76 nm (0.03 inch) to 3.81
mm (0. 15 inch), are often useful, especially in fixed bed operatlons
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[err] (10 microns) to 5000 [err], (5,000 mcrons re erab
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i nventio r Y xi di ensi ve
substancgs %% tmhaes eO 17% - zﬁetr?cﬁﬁ??rfg‘ e 3pd
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silver al | ' n ugeg her eof .
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sol ubl e_conpl exes.  Exanpl es contai ni ng copper I ncl ude, cupric
acetatelocupﬂﬂﬁnthlorlde cupric cyani de, cupric sulfate and cupric
syl fite, anong others. O her wat er sol ubl e conpl exes, such as cyano

conpl exes E”“%rocesé”%éﬁéitf%ﬁéajSO cont enpl at ed. Am ne conpl exes can be

As noted above, this invention is useful to reduce low
concentrations of offensive substances in waste water
streams. By "low concentrations” in these waste water

15 streams is meant total cyanide concentrations (free and
complex) generally less than 200 ppm, specifically less
than 15 ppm, more specifically less than 10 ppm and sulfur
compound concentrations (as S) generally less than 10,000
ppm, specifically less than 1,000 ppm, more specifically

20 less than 100 ppm, and still more specifically less than 25
ppm. The process of this invention is also effective to
treat higher concentrations of cyanide and sulfur .

(. compounds. The process of this invention is generally
effective in reducing the concentration of total cyanide

25 (free and complex) to less than 1 ppm, specifically less
than 0.5 ppm, more specifically less than 0.1 ppm. This
reduction in total cyanide concentration generally
represents at least an 85 percent reduction, specifically
at least a 90 percent reduction, more specifically at least

30 a 95 percent reduction, still more specifically at least a
98 percent reduction and most specifically at least a 99
percent reduction. The process of this invention is also
generally effective to reduce the sulfur compound
concentration by 80 percent, specifically by 90 percent,

35 and more specifically 95%. Reduction in the ammonia



30 formed by first dissolving the netal in an acid, e.g., aqua

regia, and tmeya3ldi ng an am ne such as ammoni um hydr oxi de, I.e.
anmmoni a solution until the entire sol uti orr becones basi c. _
Alternatively, a salt of the netal can bet@entacted wi th an am ne
sofution, e.g., amonia solution, until the F-7334

- 13- sol ution becones basic, to formthe square-planar am ne
conpl ex. In one of the enbodi ments of this invention, the neta

conpound is added to and flows with the waste water and is 5 adsorbed by
t he support Geneertrabienoin bhe vaskewaterpeas alsogypexrpeckedaiount of

the metal cofgentded NBé péskiBLEAALYthe miPdd8EnlPtiBAsSYE! eHei preaaswhi ch
can be adsor bed e U|I{__b$_|§gF W th tH% sol ubl e net al
h ,

by t he .Su [t in
‘nthe . oF chedinEreRt LAVERELNR: MetRe: VERBRORE ERE rate 10
of addition cdtalpetietmétabspmentionedocabdvepcely., etapper. to the
concent rati on of . epsL\es sub | ek, s
Accordiﬁg to the %gﬁﬁgéio?ééﬁﬁééﬁnééﬁgggﬁ?ﬁghggﬁngﬁ pw@é&%%ﬁgguﬁglﬁay be
added to theinwentiontarecgeneralby asofielhowasly or internittently.

General ly, the netal conmpound is added to the waste water in a
concentration effective to produce a netal concentration in the
treated Precess agiable, a nge pNarrower; Rapge| Na e agge

ppm nore spegessepé| ykbgss thao toppsvostil bomebe138o - speonfi ¢al bysl ess
than 0.5 ppm egvebaptill nore (0 tospeooficatbytbeasoyjhan Qiid.ppwo BOIL

speci TGl 1 Vpd §S8rif@Pe, °c 38 to 204 52 to 149 65 to 121
- (°F) . (100 to 400) (125 to 300) (150 to 250)
LHSV', v/v Hr. 0.1 to 100 1 to 20 4 to 10
OZ/COD', mol/mol 1 to 100 1 to 10 1 to 5
PH 6 to i2 - 7.5 to 10.5 8 to 10
15 Metal Concentrations, ppm '
On adsorbent = < 10,000 1 to 1,000 1 to 800
In feed water 0 to 5 0 to 3 0.001 to 1.0

In treated water 0.001 toe 5 0.001 to 3 0.01 to 0.5
* Where LHSV is liquid hourly space velocity and COD is '
20 . chemical oxygen demand.

Air, readily available, is the preferred source of
~ oxygen or oxidizing agent; however, other agents include
ozone and molecular oxygen, 0,. Hydrogen peroxide is not
contemplated to be intentionally added as a source of

25 oxygen for this process. Also, no intentionally added S0,

type compounds, as described above, are contemplated to be
intentionally added in the process of this invention.
The process of this invention is effective with the

waste water and the source of oxygen flowing together

30 either upwardly or downwardly through the reaction zone.
Also contemplated is a mode where the waste water flows
downwardly and the source of ongen flows upwardly through
the reaction zone. '



any local regulatory limt for the nmetal conpound used. As not ed-
abbove, at eqeihiaBg um the concentration of soluble nmetal conpound in
the waste water being treated will be 25 —approximtely equal to that in
the treated waste water. The-term "appwoxi mately equal” is al so

i nt ended to cover those situations where an equilibrium has not yet
been establ i shed between the concentration of sol uble netal

conmpound in the waste water and the concentration of the 30 nmet al
conmpound on the adsorbent. |In those situations, the concentration of
nmetal conpound i nRepreseniaddanss tfordher mechanmm%ef%tﬁwmamqws

different, eogidaBion PFId¥sstfs FANow: 10 or nore, fromthe
concentration of netal ggo ynd in the wast e wat er feed. Exanpl es of

‘situations where an 35 ox quanMﬂﬁﬁqﬂqgﬁun exi st between the
concentration of @bl e ogta#—esnpouod In the waste water and the
F- 7334

4- nc ratl
nmet al co%pound on the 5%%%}ben?/?n82udeH progeég)st 3& 2, p%@%@
upsets, activatio@.of Oxidatiomdasfhrsvdfiideshanges in maste wat er

conposition, e.g., a g= shhgher_or | owgr=-concentration of ammmonia or sone
ot her 5 constituent, and pchess tenpeﬁature changes. Wen the

netal content in Bhe tCdGation &f Suddddes he desired speci fication,
the treated water can kg rmacyched bhrough> so =t he process to achieve the

o oA ot o Sk o mncmadies L, 0ObT Soroor haLion of
an operati on vv_hers n?,e maizaE €02pHUNG——=> (zsr_hll'nuouszlq pr esent
5. Oxidation of Mercaptans
2RSH + 0.5 O2 ——> RSSR + HZO
6. Oxidation of Disulfides
15 Sz' + 402 —_— 2804'
All the reaction products are innocuous. The treated water
(oxidized effluent) is discharged, while the gas is
treated, flared, or incinerated. Any skim oil present can
be recovered in an oil-water separator, preferably a
20 separator drum.

Example 1
To demonstrate the activation of the adsorbent, 2 ml

of Calgon CAL™ activated carbon, crushed to 20 by 40 mesh,
was packed into a tubular reactor. Synthetic waste water
25 was prepared containing 100 ppm cyanide (from NaCN), 100
Ppm NH3, and 100 ppm Nazs. The synthetic waste water was
passed through the reactor at 100°C and 10 ml/hr along with
1200 ml/hr air. Cyanide concentration in the effluent
water was measured using a cyanide ion selective electrode
30 (Orion Research, Model 94-06). A copper solution was
prepared ofICu(N03)2 containing 0.065 g copper in 10 ml
water. After cyanide breakthrough was detected, 0.5 ml of
the copper solution was passéd through the reactor.
Cyanide removal after catalyst activation was 99 percent.



in the waste water, is generally expected to be less than 5 ppm
specificall ypkegggat han 3 ppm nore specifically |ess than 1 ppm the
process is effective with soluble netal 15 conpound concentrations of 0.5
Ppm specifically 0.1 ppm The procesgs=of this invention is also
effective with intermttent addition of the soluble netal conpound to
the waste water to be treated. Naturally the concentration of t he
metal compound in the waste water for intermttent 20 rejuvenation wll
be hi gher than the concentration needed for continuous rejuvenation.
Again, the concentration of t he EXampledhound in the treated waste

water may be usedrn thidSeRPerAtied®!, 02 ml of Calgdd &Y hedivateadsor bent
may be activated using a 25" relatlveby hg&@ conicentratj on of sgéﬁgle
met al conpoufB*PRN: CTughed; tgr 29n5¥hé0 IsshenaspRaGked HOER @ HIB R

the ~adsgehegbr.susyakthetie! sastensaticratiad priepared Foedisttilled
i a roatonaBREer: FY arcios Mol 5B an ik Arvhg SLYb ohm IR
cont ani nat edteokvéevel Bfad@Peppyf and soddual syegricenttoata drevelhaf rkdo be
LoeL b oo SEBR0Hhe . SN ek S A ARl 2o
nor e specifi@alI?hSOSngﬁPGﬁctH@sﬁétﬁptﬁﬁnﬁﬂﬂﬁiiniyg 100 ppm Gyanides
nmentioned abQys, phB8eadtfi-deah Hhe RRtivatdd IR Wdd) 4 IH¥ady include
?1§?|taf%§ Cigaﬁghr %h%gy space velogﬁi%S%LNSH), 10 ml/hr, and 100°C.
" Results of this experiment are shown in Figure 2. Cyanide
) concentration in the effluent water was measured using a
' cyanide ion selective electrode (Orion Research, Model
94-06). After 800 bed volumes of water were passed over
15 the carbon, the cyanide adsorption capacity of the
activated carbon was exhausted. Air was then introduced
into the water feed and was co-fed with the water while 400
more bed volumes of water were passed over the carbon. 15
to 20 % cyanide removal was achieved in this mode of
.20 operation. After 1,300 bed volumes of water had passed
over the activated carbon, the system was activated by
injecting a slug of copper solution into the water. Copper
3)2 in distilled
{ water to a level of 0.01 N, then 2 ml of this solution was
25 injected into the water flowing over the activated carbon.

solution was prepared by dissolving Cu(NO

Then, the synthetic waste water passing over the carbon
catalyst was adjusted to continuously contain 0.01 ppm
copper. After the activation of the catalyst system as
described above, the cYanide removal increased to near

30 100%. Then, after 1,700 total bed volumes of water had
passed over the activated carbon, the air injection was
stopped. The cyanide removal dropped immediately to zero.
When air injection was resumed, the cyanide conversion
increased to near 100% again, then began to decrease

35 gradualiy.



of the active netal conmpound or the active netal conpound may be added
to the adsormerdszan any suitable fashion. For exanpl e, Calgon CAL[err]
activated carbon contains 9 to 40 ppm — copper, while carbons fromthe
Anerican Norit Co., such as 5 the |ignt1®e=-based Darco[err] carbon

Pet r odar co Alerr] carbon and the peat based Norit[err] ROX 0.8 carbon
have copper concentrations of 40 ppm 69 ppmand | ess than 9 ppm
respectively, and the lignite based Alfa[err] carbon, produced by Alfa
Products, has a copper concentration of less than 1 10 ppm

Process Conditi oriEhls example demenstrabescthat gcthveﬁedoﬁarbonsefl@met 0

reduce |ow has §&H§eéé?§éi€95f8i §§£ﬁﬂééVSd§B§§£§8ﬁeSthﬁt“@&&@éﬂatQh
streans. By "] ow gonc t hese was wat er stréans i s nmeant

i on
t ot al cyanld%lﬁbn%%n?gg??gﬁge ??e@cﬁﬁﬁve a rEiﬁﬁF@?}YgéﬂgrSVP?l s than
200 ppm specmﬁveﬁéiqnless to 20%haavéb aphivated eaebbhi, céhky kthes than 10

d | f t
10 000 ° riectiall PECHRR, SREEEPELE hePRu *Sopbeft BiTouE; HRE s tn
| ess than 1000p@mm1ame muchlhhghersgzcnideacbyveessonh&avgss. andpgimatThe
process of ths Hvéa&ieﬂohslé'éQséﬁ£§51'¥8 ﬁﬂlnt tE@éEeth ﬁrlevF S

concent rat i ons: o cyani de and conpoun he process o
i nvention |S°§eﬁ§@%}¢? °°nve€?+ﬁﬁt|ve i n reducing the concentration of

total cyanide 25 withe6t 2ntefi@iRge¥d be beaadt ’aaaréb?prrth&peaphbqw e ess

t han O. I t
to?gl an|3%“%3%%5%??§??5§35%§8rgPFyCYanlgFeﬁa§8€Rg§°at1Fe9 ﬁgﬁ%gg%n a
percent reduallow, teeeeffectivg contaat témet far9€hpehetetrogedeouison, nore

SpeC'flca"ycﬂagggét s78sen®c8%nBohGEA" GEEUUEL! Sflancthbl EBEeasPect flcally

at least a I on_an eclf % east a 99
per cent rexhkﬁm@men¢ﬁﬁsp¢6§é%gsﬁfSfﬁtgmrnv@h?ﬁohnp§695§§ effec@éﬁ@rally

effective tocéﬂga'é@ &bﬁeswuélievaauad enhaneeneﬁat edhiyeRsR¥nB@goer cent,

specifically b gercent 9 nDre sgeC| al.ly 95% F@ductlon in

t he amihi a ©© plex d cyanlde as well free cyanlde. In a similar
fashion, the adsorptive properties of the activated carbon
are believed to enhance the catalytic effect of the metal
compound over that of an equilibrium concentration of a

soluble form of the metal compound in an aqueous system.

- 20 ' Example 3 _

In this example, 2 ml of Calgon CAL™ activated carbon,
crushed to 20 by 40 mesh, was packed into a tubular
reactor. Synthetic waste water was prepared from distilled
water by adding NH40H to a NH3 level of 80 ppm, thiosulfate

25 to a level of 100 ppm and sodium cyanide to a level of 200

' ppm. The pH of the synthetic waste water was adjusted to

9. The system was activated by passing'l ml of a 0.05 N
Cu(No3)2'
reactor. The synthetic waste water containing 200 ppm

30 cyanide was passed through the activated carbon bed at 5
hr ! liquid hourly space velocity (LVSH), 10 ml/hr, and
100°C along with 300 ml/hr air. Results of this experiment
are shown in Figure 3. Cyanide concentration in the
effluent water was measured using a cyanide ion selective

35 electrode (Orion Research, Model 94-06). Cyanide removal

—

solution in distilled water over the carbon in the



F- 7334 , _ ' -16- 4

concentrati g=-7334he waste water was al so unexpectedly found to be
possible at the nmld conditions of the process of the instant
invention using at |east sonme of the -20- catalytic netals nentioned
abbve, e.g., copper. 5 Typi cal reaction conditions for the
process of this I nvention are generally as foll ows:
Process Vari abl e Broad Range Narrower Range Narrowest Range
Pressure, kPa , 0 ,to_ 6900 69 to 1380 101 _ to 345
(psi a) was ipitdaldyonear130Ps, obhen depiined; gospplow 893 after
Tenperat ur e, 40@'bé& véBuhes284 the'sgnéﬂeﬁﬂclﬁﬁste wate®ohha béén

150 t LHSV*, v/v

(F) 100_to 400 125.to0
Hr . 0.1F s?%0°ver1%P8 & gaIYSt' AFotgiﬁ p01nt %hFeﬁyr € nol / nol
1 to 100 wasté watei#Opassing dvep thé carbon capblyst was adjusted to

éﬁ adsoF%entég &gngbn5835i9 cggia%o éSBBO &a o%?g enbeokh%n%ya%ﬁﬁb In feed

wat er Oremo¥al incpeased o 90% and0remained at that levied.treated
wat er 0.001 to 5 0.001to 3 0.01to 0.5 Where LHSV is
liquid hourly space velocity and COD is 20 cheni cal oxygen demand.
Air, readily available, is the prefer E&8nRd€ de of oxygen or

oxi di zi ng agent; bAWENES, eRhlipleqognht bBctHdlgon CAL™ aceivhtednNdaiBbaGul ar
oxygen, [errérusﬁgg ggegopg§o§bdmeg nggs packed into a tubular
10 reactor. Synthetic waste water was prepared from distilled
- water by adding NH40H to a NH3 level of 80 ppm, thiosulfate
to a level of 100 ppm and sodium cyanide to a level of 10
ppm. The pH of the synthetic waste water was adjusted to

{

9. The system was activated by passing 2 ml of a 0.01 N

15 Cu(N03)2 solution in distilled water over the carbon in the
reactor. The synthetic waste water containing 10 ppm
cyanide was passed through the activated carbon bed at 5
hr-l liquid hourly space velocity (LVSH), 10 ml/hr, and
100°C along with 300 ml/hr air. Results of this experiment

20 are shown in Figure 3. Cyanide concentration in the
effluent water was measured using a cyanide ion selective
electrode (Orion Research, Model 94-06). Cyanide removal
remained at about 85% while over 1,800 bed volumes of the
synthetic waste water passed over the catalyst.

25 Exanple 5
' In this example, 2 ml of Calgon CAL™ activated carbon,

crushed to 20 by 40 mesh, was packed into a 6.35 mm (1/4
inch) diameter stainless steel tube reactor. Test water
containing 1 ppm st' 19 ppm mercaptan, 225 ppm ammonia,

30 and 6.8 ppm total cyanide (free and complexed) was obtained
from a petroleum refinery. To avoid loss of cyanides in
transit, caustic (NaOH) was added to raise the pH from 9.4
to 12.4, and then acid (H,S0,) was added to adjust the pH
back to 9.4 before testing. The test water was passed



contenplated to be intentionally added.as a source of 25 oxygen for

thts process.po/M$§€, no intentionally added [err] t ype conpounds
as descri bed above, are contenplated to be— intentionally added in
the process of this invention. -21~ The process of this invention
is effective with the waste water and the source of oxygen flow ng
t oget her 30 ei ther upwardly or downwardly through the reaction zone.
Al so contenplated is a node where the waste water flows downwar dl y
and the source of oxygen flows upwardly through -1 the reaction zone.
F- 7334 through the activated carbon-B&d at 5 hr ~ liquikdphewwidyati ons

for the nmechay fﬁ,v | L dat s 9R.pro S f o]

1. Oxi dat i %p% &%ﬁé es .fif,kgvlf, 1o mPﬁé%N iga gfrfﬁa iézz% Wg _
2CNO + 3/2 [ #5319k [Whrile . 3ircvas(ge-fed 2k 300 nlgbhp. Copper atp0.1

Oxi dation of é?%f*égﬁbontinuously addéd ttbethé test watkel bbfore the 3.

Oxi dati on of fites r] = + 05 [err >.[err
3 30 vater Was passed thyoush FhALTeRRtar- RULES of this tebt
[err] = + 20 arte Xhbwn >ineTable I, Hb@low. The high ihétihl copper

S. Cxiqatic&bﬁéeﬂ@%&@%ﬁﬁQSin the treated W§E§¥ifr8m5tgigerample>w§§§R *

Lerr] unexpected, especially since only a low concentration of

copper was added to the test water and the initial copper

10 concentration on the activated carbon used was found to be
below 40 ppm. A possible explanation for these high copper
concentrations in the treated water is residual
contamination of the test equipment from previous tests.
Cyanide concentration in the effluent water was measured

15 using a cyanide ion selective electrode (Orion Research,
Model 94~06). Copper concentrations in the samples were -
measured using a cupric electrode (Orion Research, Model
94-29) and atomic absorption (AA). The samples were
concentrated by vaporization before the AA analysis.

20 Table 1

Bed Volumes Total Cyanide Copper in Effluent, ppm
Water Treated Removal, % Cu Electrode Atomic Absorption

i 225 99.9 22.0 -
465 . 99.6 14.5 -
25 585 - 12.5 -
705 -- 11.0 --
825 - 99.3 8.7 10.9
945 98.7 4.2 -
1065 98.7 4.2 -
30 1185 98.7 3.4 -

Exa e 6
In this example, 2 ml of Calgon CAL"™ activated carbon,
crushed to 20 by 40 mesh, was packed into a 6.35 mm (1/4
inch) diameter stainless steel tube reactor. The same test



6. Oxi dation of Disulfides 15 [err] + 402 >2S0

2~ F-73344 Al'l the reaction products are innocuous.- The
treated water (oxi di zed effluent) is <ischarged, while the gas is
treated, flared, or incinerated. Any skimearl present can be recovered
in"an oil-water separator, preferably a 20 separator drum

Exanple 1 To denonstrate the activation of the adsorbent, 2 ni

of Calgon CAL[err] activated carbon, crushed to 20 by 40 nesh, was

packed into a tubular reactor. Synthetlc waste water 25 was prepared
cont ai ni ng 1¥@tEFmasy dm FxamlemSiNabve 1@ used.ppFhgHIesh WabeE RS Na2S.
The synthet i pagaele thotigh'dhe actiRAXRRM ddriibddat QST atidpderr] C

and 10 m / hr an Wit h 12 /hr. i de concentration in the
ef f I uent T SRRS %fslt?r"ég:yu?%‘@ 'C)Fe?nw Bryn 189 & ﬁFé‘; 2R t¥BRe 30
(Orion Resear(ahpd‘ﬂg)el w@Al@ﬁ)alr Arasopeiferdlatt i300 Wiiyhr. NU agopper ofas
br eait hr Bugh “ReE e tPiey thetc Wites berord the. sl was Hagted {Akelan
t hrough the rth@cmeactor. Besiilds cfinbhils dfasty aom ahosn aim |‘I‘@ble)n2was 99
Eg;rcrglnfa' 2 below. Fﬁﬁ%tg?ﬁls he%glél'rﬁlna”eln copfer cofncethratJ.&ﬁ err] act i vat ed
treated water from this example were unexpected, éspecially
since no copper was added to the test water and the initial
10 copper concentration on the activated carbon used was below
40 ppm. A possible explanation for these high copper
concentrations in the treated water is residual
contamination of the test equipment from previous tests.
Cyanide concentration in the effluent water was measured
15 using a cyanide ion selective electrode (Orion Research,
Model 94-06). Copper concentrations in the samples were
measured using a cupric electrode (Orion Research, Model
94-29) and atomic absorption (AA). The samples were
concentrated by vaporization before the AA analysis.

20 ' able 2

Bed Volumes Total Cyanide Copper in Effluent, ppn
Water Treated Removal, % Cu Electrode Atomic Absorption

i 220 99.9 21.5 -
\ 460 99.7 10.0 -
25 580 ' - 7.5 -

700 - . 7.0 -

820 99.1 5.8 6.8

940 98.4 5.1 -

1060 98.4 2.5 -

30 1180 98.4 2.4 -

Example 7

In this example, 2 ml of Calgon CAL™ activated carbon,
- crushed to 20 by 40 mesh, was packed into a 6.35 mm (1/4
inch) diameter stainless steel tube reactor. Synthetic



carbon, crushed to 20 by 40 mesh, was packed into a tubul ar reactor.
Synt heti c wapte3ssater was prepared fromdistilled 5 wat er by adding [err]
to-a [err] level of 80 ppm thiosulfate — to a level of 100 ppm and
sodlun1cyan|de to a level of 100 ppa23+he pH of the synthetic waste
wat er was adjusted to 9. The synthetic waste water containing 100 ppm
cyani de was passed through the activated carbon bed at 5 hr 1 10.
liquid hourly space velocity (LVSH), 10 m/hr, and 100C Resul t s of
this experinment are shown in Figure 2. Cyanlde concentration in the

ef fl uent wat EPSha¥akexsHWasIPrepaged PY adding 4@ 08, tep|aa: tNHye lavak
- (Oion Reseasoh ppihdehiosul £94e0&)h. afif qu&aqelmd s@ﬂufeae@felwaiferlo/mre

passed over rLbon, the cy QLR acity of the
acti vat ed caPBBn Rg §ﬁ&a‘stamﬂae %\?/a Fﬁ‘dﬁr ﬁb‘r &Jg@g’ Yhto the water
f eed and wasdistfiddedi watere waFdrsthi kdoh®) 700 bembr\m]lmtéwcdﬁjrﬁm of wat er

wer e passed car.han ved
in thi ssssnodeggﬁq:g%lﬁco%ee%gt ;wa:l:%r X}atse&ﬁf%% \?gﬂ umes o vvat e’rac%m
passed ther sane Lestywesercasbdm, Emﬁyssﬁemhnaae aas usesy figr the
injecting a. Bh?&ﬂn&% BQPE% %%E%t ' O&h'emt%stth%:a‘@zehasob%é%’ed throdn tHe

was prepared b¥ I ssalving [err] di stilql ed water to a level of 0.01
iy

N, then 2 nl agFivAteds SR 6‘nb\ﬁésa§55 hry e ddgid, hourly wRage Mk RS Byer

the activat eqlmsvlyonlo ml/h‘fheuoot'tce ayd el xpaagtze paig)r, Ratsliaqiwer the
car bon cat aI ti nuou I>6 nt ain 0 01 ppm

to c
copper. 1%\fte7" th gl? fﬁ?Hé"cat glpyﬁr sté’ S descri bed
above t he cszantdaupgsﬂValadldndr &as slhet fesgawaler b]am%e thHeewatsn ewas_ 700

t'otal bed vo 0] e I
v %HEE%d fth‘ﬁ%h% t&ﬁ% react?ﬁss %e%‘(ﬁtst e q 1 pe%?gkmre Jpat e?y to

air i nj ectio he cyanl e renoval

zero. WhBnTapbd ﬁjre?ﬁW'M§lﬁesuﬁe§°°t A Qfarﬁﬁfé-mé'faé?% from
i ncreased totRear +&88%wagicomposatede Fron Thée @rasRntd wvatErPrdduced

15 between bed volumes of 1,100 and 2,500. This composite
sample was found to have a total cyanide concentration

(free and complex) of 0.1 ppm and a copper concentration of
0.5 ppm. Cyanide concentration in the effluent water was
measured using a cyanide ion selective electrode (Orion

20 Research, Model 94-06). Copper concentrations in the
samples were measured using a cupric electrode (Orion
Research, Model 94-29) and atomic absorption (AA). The
samples were concentrated by vaporization before the AA

( analysis.



F- 7334 -19- Thi s exanpl e

denonstr at ep-i7934 acti vated carbon al one has sone capacity for cyanide
~adsorption, that oxygen (in air) is effective to achieve a relatively
"l ow cyani de conversion (15 to 20% -@4r activated carbon, that the 5
inmection of the catalytic netal, copper, allows the system to achi eve
much hi gher cyani de conversion |evels, and that oxygen addition is
essential to maintain these high | evels of ‘cyani de conversi on.

Wthout intending to be bound thereby, the capacity of 10 the activated
carbon for cyanide adsorption is belie¥kaBlegd allow the effective

contact timadprydiimmdiet erpgeaEoCfanide cat abypbepY$heRFEdubatyUGbmAr eat er
than that foater Tredws@yenRoOnovaR] atystCaVE]lectréiesatonteasbdorbldon ve
contact time Is i 4eved to enhagge the conversipnj,of 15  conpl exed

cyani de as wel | X ree cyanide. 1h a sinilar fashi on, the adsorptive
propertises of tiEl2xtivated carbgen.l are believeé8 to enhanceOt:he

catal ytic effect1£g3the nmet al o.§0Mpound over_that of an equilibrium
concentration of7@a "~ - soluble ?orn1of the netal conpound in an aqueous
system 20 1362 98.6 Exanmpl e 3~ In Chis
exanple, 2 m of;ég@pgon CAL[err]ogcki vated car bors. crushed-to 20 by 40
mesh, was packed into a tubul ar . reactor. Syatggtic wast e ter was
prepared from di¥2%?1 ed wat er~by adding [erPT>Po a NH | evel’*df 80 ppm
t hi osulifoate 2142 98.8 325 to a level =of 100 ppm
and sodiun1cyani%§?%o a |l evel ofggog ppm The pH of the synthetic
wast e water was sted to " "The system was activated by passing 1
m of a 0.05 N 2383[err] soluti®®h-¥n distilled mater over the carbon in

t he 2503 98.4 0.56 -




reactor. The synthetic waste water containing 200 ppm 30 cyani de was
passed througk7sse activated carbon bed at 5 hr{err] liquid hourly
space velocity (LVSH), 10 m/hr, and ~100[err] C along with 300 ni/hr
air. Results of this experinent are=z%own in Figure 3. Cyanide
cohcentration in the effluent water was neasured using a cyanide ion
sel ective 35 el ectrode (Orion Research, Mdel 94-06). Cyanide renoval
F-7334 ' - 20- was initially near
100% then declined to bel ow 80% after 400 bed vol unes of the

synt heti c weSkRIM8Ler had been passed over the catalyst. At this

poi nt, the synthetic wast e wat er passing over the carbon catal yst was

adj usted 5 to contipuoysly contain 0.01 m ¢ er,and.the cyanide
removal incrdase tﬂegngaﬁérrgﬁﬁ?héﬂgawafﬁgtwﬁgggl9°mpr151ng‘

Exanpl e 4 (a) | ndihestiéngnpl spukcel ofif ofgggnnaBal pewalstac Watatred
car bon, crushed t : S S C LatQ a l.ar. .10
reactor. Synthetic wa§?§9%§¥é§8w§§ g?g%grg gf%%%fé%é?ﬁlFg%g%aic%kuer by
adding [®rr] to a [errfelegtpdofran gyanidaiosulfide, sulfiiges | evel of 100

ppm and sodi um cyani deth9o8ul g4elk, OletBaptan, PATsulFeaRt Qhmdnd aSWHdeti c
wast e wat er was adj usted stem was activated by passing 2

%o . Tge S
m of a 0.01 N 15 [ ePt¥CUEPS: FBATPR dPYEF| Rohigl SRXSage areasnBaEe

t he reactor. The mgteptalcinaat eenetdéoncadbhal nnderleopditions cyani de
was passed through thee%%&h%ibgdtgaggaﬂcgeghgtcgncentration of the
10 offensive substance contained in the waste water

and to thereby produce a treated waste water, the
conditions comprising a temperature of from 38°C
to 204°C and a pH of from 6 to 14, the porous
material comprising less than 10,000 ppm of a
15 metal compound thereon, which is effective in
catalyzing the oxidation of the offensive
substance in the waste water:
(b) adding a sufficient amount of a soluble form of
the metal compound to the waste water prior to
20 ' directing the waste water over the porous
material to maintain a concentration of the metal
compound in the treated waste water at a level
{ less than 5 ppm; and
(c) discharging the treated waste water from the
25 ' reaction zone.

2. The method according to claim 1 wherein the metal
compound is at least one selected from copper, nickel,
cobalt, molybdenum, tungsten, silver, palladium,
platinum, iron, manganese, and mixtures thereof.

A



hr[err] liquid hourly space velocity (LVSH, 10 m/hr, and 100[err]C
alrong with 38878BAhr air. Results of this experinent 20 are shown in

Figure 3. Cyanide concentration in the — effluent water was neasured
usi ng a cyani de ion selective el ectrdée (Oion Research, Mdel 94-06).
Cyani de renoval remai ned at about 85% while over 1,800 bed vol unes of
t he synthetic waste water passed over the catalyst. 25

Exanpl e 5 In thi S exarrpl e, 2 m of Calgon CAL[err] activat ed

car bon, crush h was .packed into .a §..35 1/ 4
inch) diametar st 3‘ %é‘fie We&& (ﬁlalml'g'st wheren 5 aining 1

ppm[err], 19 ppn*sumfa&pt meaZZ@ommsammra,aBG.s saledtatl phron gdatous

cyani de (free and ex a4 T | .
To avoi d | oss of c%%m q_fl)n \g%hg?%% %(;,l cafus%t‘q"q'Q}(aﬁ'l'a%r)dr dﬁdﬁ@i’
rai se the pH. from29°41tes synthet icyreallidiesacial yuimd, \mlslmﬁ:iecﬂmb adj ust

the pH s back 159194 -3aharifat.esting. The test water was passed
F-7334 -21- t hrough t he

activated carbon bed at 5 hr[err] liquid hourly space velocity (LHSV),
10 mi/hr, 10QLerrifie #edhbd aidording to RAaim WHdwthdr oeiprisimgl at 300

m / hr. Copper at m wa sl,by a d.to the test water
before the W%r&at\hgg %&fsgawgﬁ:gﬁn&#‘e t%"ega&% 1 cf?&‘fﬂutrﬁéof this test
are shown in TabI dissdlsledwinTlae siolylentniprisxr quopmoducmg:drmtetht ions in
the treated water £ tssLxanmpl e were

io0 5. The method accordirig to claim 1 wherein the waste
water is directed into the reaction zone at a
temperature of 51°C to 149°C.

6. The method according to claim wherein the waste water
is directed into the reaction zone at a pH of 7.5 to
15 10.5.

7. The method according to claim 1 wherein the soluble
metal compound is added at a concentration of between
1 ppm and 0.001 ppm in the waste water.

( 8. The method according to claim 1 wherein the soluble
20 metal compound is added intermittently to the waste
water at a concentration sufficient to keep the metal
content on the porous material high enough to be
effective.

9. The method according to claim 1 wherein the soluble
25 metal compound is continuously added to the waste
water at a concentration sufficient to keep the metal
content on the porous material high enough to be
effective.
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unexpected, especially since only a | ow concentration of copper was
added to thepipgiggwater and the initial copper 10 concentration on the
activated carbon used was found to be — bel ow 40 ppm A possible
éxplanation for these high copper cezrentrations in the treated water
I s residual contam nation of the test equipnment from previous tests.
Cyani de concentration in the effluent water was neasured 15 using a
cyani de ion selective electrode (Oion Research, Model 94-06). Copper
concentrations in the sanples were neasured using a cupric el ectrode
(Orion Reseat@h, Theemethod sgcogfingdter 6Ardmads yhexiedn Che) repctiompl es

were Concentﬁﬁbédcgﬁp¥ﬁagé'é%tEQHsEeBﬁbeth%dA&dﬂai Yed. 20
Table 1 Bed umes Total Cyani de Copper in Effluent, ppm

Water Treated Renmoval , % Cu El ectrode Atom c Absorption 225
99.9 ~ 11.227He method according to cladfib1l wherein theld%eaction

14.5 205 26n%5comprisg§?a slurry oflfﬁg'porous miiﬁffg%fin the

99.3. 5 8waste water. 10.9 945 98. 7

4.2 -- 1065 98. 7 ' 4.2
-- 30 1185

98. 7 3.4 . --
Exanple 6 12. The| method aggephdngy te cdpimy gshezgine the yastet ed
car bon, crusfgdelr0 120 thitat@dmBaha Wingac kaitdliitic dhetation .1/ 4
I nch) dlaneter stainl ess steel tube reactor. The sane test F- 7334
13. The method according to claim 1 wherein the waste
water is treated in a single oxidation step.

10 14. The method according to claim 1 wherein the source of
oxygen and the waste water are directed to flow in the
same direction over the porous material.

15. The method according to claim 1 wherein the source of
oxygen and the waste water are directed to flow in
15 opposite directions over the porous material.

16. The method according to claim 1 wherein the high
surface area porous material comprises 1 ppm to 1,000
- ppmn of the metal compound thereon.

17. The method according to claim 1 wherein sufficient
20 amount of the soluble metal compound is added to
maintain a concentration of the metal compound in the
treated waste water of between 3 ppm and 0.001 ppm.

18. The method according to claim 1 wherein the source of
oxygen contains no intentionally added hydrogen
25 peroxide or SO2 type compounds.
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-22- water as in Exanple 5 above was used. The test water was
passed througlpidg activated carbon bed at 5 hr liquid hourly space
vetocity (LHSV), 10 m/hr, 100[err]C, and=152 kPa (7 psig), while air:
Was co-fed at 300 mi/hr. No copper was 5-28«dded to the test water before
the water was passed through the reactor. Results of this test are
shown in Table 2, bel ow. The high initial copper concentrations in the
treated water fromt.his exanple were unexpected, especially since no
copper was added to the test water and the initial 10 copper
concentrati ok? on The method: agcexfbdy t9egladm Bewbgrein Maaten

possi bl e eXp'anatwéﬂefoistHfiécﬂbahtﬁﬁaﬁ h the r&ﬁ&%&%hr%bh@ﬂ%ﬂ R the
treated water is reS|d al cont am nafi on of the test e%%ggnent from

previ ous tests. 1q“€9aHPBE1¥oﬁB€ﬁFrX?FﬁﬁlFX Phelefr 40% Brater was

measured 15 using a cyanide ion selective electrode (Orion Research,

e O 00)a0 LoD SRBRBEL L RAInDEhr e P SR S, e TRBE G 70

(AA). THe sanpl esoxpgen is agwnornoxygen enrieped adwi.on before the AA

anal ysi s. 20 Table 2 Bed Vol unes

Tot al Cyani de Copper in Effluent, ppm Wat er Treated Renmoval , %
Cu El ectrode Atom c Absorption . . 220 99.9 21.5
-- 460 : 99.7 10.0 - -- 25 580
-- 7.5 -- 700 --

7.0 -- - 820 99.1 5. 8

6. 8 940 98.4 5.1

1060 98. 4 2.5 -- 30 1180

98. 4 2.4 --

I



Exanmple 7 . In this exanple, 2 ml of Calgon CAL[err] activated

car bon, F<73s8fed to 20 by 40 nesh, was packed into a 6.35 mm (1/4
.|nth) di aneter stainless steel tube reactor. Synt hetic : . F-7334
~23- test water was prepared by-=28ing [err] to an [err] |evel of
80 ppm thiosulfate to an equival ent sul fur level of 100 . ppm and
sodi um cyanide to a CN | evel of 100 ppmto distilled water. First,
about 700 bed vol REEIVBNATEVE CATALYTES | QXIRATION:QF WASTBaWa®BRLhr ough
the reactor, (EARTICULARLE EQRREMAVAL QR CYANIDE MR pSULBEURHEOMPAHNDEs ed
for the bal ance of the test. The test water was passed through the
activated carbon bed at 5 hr [err] |i RBIEBALE|y space velocity

(LHSV), 10 m/hr, 100 err nd 152 kPa (7._psiqg), ile air
co-fed at 300 m /HrPEOeRy f°5tg8?1rﬁﬂﬂyﬁé§tgve5ééﬁgayﬁ&8ugﬁ}a%ﬁ$9?19? t he
test watSer beffermsive sabstanaes, suchaasedyahidagh sh&fﬁaastosnuaihdss;cﬁ

this test ar i b , t
wat er from @hfggﬁfgagegf &%gégégaggftgggﬁ& %%é 3&%1a% E%Ngghced
15  bet weenthedeobt) uaest@inedld)o wagte, Baber Ihi premp@@ teThe promegsise

was found tOcaﬁ%ﬁéeéOaaalﬁgaez,dehaonseeterastee a 1og/fc"o% G5 g of

0.1 ppmand a concentration of & Concentration
in the effl u@mpe ;egomagund angp5BaRcBagSiAg 5 §y§ﬁﬁé§eﬁoﬂa§§ﬁe@ﬁtﬁ§

el ectrade (Ql@ﬂgZ{)lthResgaﬁgbe NbdekyaénOS)zer Qﬁpaﬂ"so@:@&ﬁ%nhfa&téﬁ%& ity t he
sanpl es were ”EQE# caff&ngxgdg%gr£ﬁe o %EBQQSe substances contained in
the waste water. The process reduces the catalytic impact
of the loss of metal from the adsorbent material due to
leaching and allows the catalyst to be rejuvenated and
15 allows recovery from process upsets in the treating system
without unit shutdown and catalyst replacement. An example
of the catalytic support is activated carbon and an example
of the metal is copper. |

FIGURE 1 IS SUGGESTED FOR PUBLICATION.



Research, Model 94-29) and atom c absorption (AA). The sanpl es were

concentrated by vaporization before the AA anal ysi s. F- 7334
- 24- Table 3 _ I
Cyani de Copper in Effluent, ppm Wat er Treat géﬁgpwahSB&Bﬂ W
El ectrode Atom c Absorption 1002 | 2 REPLACED 1)\0
-- 5 1123 : 99.1 . _ 0. 68 . —
1243 99.0 -- ' -- 1362
98. 6 -- ' -- 1602 98. 6
-- -- 1963 . -- 0. 55
0.4 10 2142 98.5 -- --
2263 98. 4 -- -- 2383
97.7 - - == 2563 98. 4
0. 56 F- 7334 -Eg - 25-
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CLAI MVB: 1. A nethod for treating waste water conprising:
(a) directing a source of oxygen and a waste water
contai ning at | east one offensive substance 5

“cyani de, sulfide, sulfite, t hi osul f at e,
di“sul fi de, anmoni a and m xtures thereof
area, porous material in a reaction zone T
effective to reduce the concentration of the 10
substance contained in the waste water

condltlons

er
of f ensi ve
and to thereby

produce a ter, the conditions conprising a
tenperature of from.38[err]C , to 204[err]C and a pH of from®6
to 14, thle porous material conprising |ess t gﬁ 10, 000 ppm

of a 15

net al

conpound thereon, which is effecti#® in
catal yzing the oxidation of the offensive sulyst ance in the
wast e watr; (b) ding a sufficient amount of a gguble form of
the netal| conpound to the te water prior to 20 QNdirecting the
waste wat pr over the poro material to maintjain a
concentrafion of the net conmpound in the t+g§ted wast e
water at ph | evel | ess than 5 ppm and (c)
di schargi hg the treated waste water fromthe 25 keacti on zone.
2. The pret hod accogyling to claim 1l wherein the netal 7 conmpound
is at |eapt one sel ed from copper, nickel, cobgl t, nolybdenum
t ungst en, Egver al | adi um platlnun1 iron, manggQlgse, and
m xt ures hefcyp
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F ) . - 26- 3. The met hod accor' ng

to¥claim1 wherein the high surface area, poroug RS BEEN
selected from porous resins, iom—exchange resins %
carbon, natural zeol ites, synthetic zeolites, al C 3
and 5 silica-alumna. 4. The net hod accor'drmg
further conprising treating the catal yst wth tjhe netal conpound
di ssol ved ijn a sol vént prior to producing treated wast e wat er.
10 5. he met hod according to claim1 wherein the wad@® wat er
Is directed into thgd reaction zone at a tenpergture of 51[err]C
to 149[err]lC 6. | Thgynet ho according to claimwilerein the waste
wat er is direciedo¥into the reaction zone at a gH of 7.5 to 15
10. 5. 7. TH “gccQrding to claim 1l wherein the sol uble
metal conpound i s adde @%eﬁratlon of between _{¢o 1 ppm and
0.001 ppmilh the wagqte S oo - :
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8. The net hod according to claim1l wherein the soluble 20 nmet al

cgnpound is added intermttently to the waste -wat er
concentration sufficient to keep the netal cont
materi al high enough to be effective. 9.
according to claim1 wherein the sol ubl e425 met al
continuously added to the waste wat er at a conc
sufficient to keep the netal | : tontent on the porous material high
enough to be effective. F- 7334
-27- 10. The method according to claim1 wherein the reaction
zone conprises at |east one fixed catal yst bed. 11. The net hod
according to claim1l wherein the reaction zone conprises a slurry
of the porpus—rmaterrat—TmT the 5 Waste water. The net hod
according|to chaiml1l wherein the waste water is tr€ated in a
single catalytkg oper ati on.
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13. The nethod according to claim1l wherein the waste
tréated in a single oxidation step. 10 14. The net hog

claim 1l wherein the source of gen and the ma-végRBA@EM“
directed to flowin the sane d| tion over the jporou
15. The method according to claim1 where~r—the source of ||
and the waste water are directed to flowin 15 oppo&d ‘
over the porous material. 16. The method according to claim1
wherein the high surface area porous material conprises 1 ppmto
1, 000 ——— -0 f -t he- Bt al-—corpourd—t-hereon- 17, The net hod
according o claim1 wherein sufficient 20 anount of tlhe sol ubl e
metal conppund is added to mai ntain a concentrationcyf the neta
conmpound i p the treated waste water of between 3 ppMand 0.001
- ppm 18. The method according to claim1 wherein the gource of
oxygen contains no intentionghly added hydrogen 25 perqxlde or [err]
t ype conpounds. F- /334 - 28-
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19. The method according to claim1 wherein the waste water is

di fect*ed through the reaction zone at a liquid hourly space
velocity of 1 to 100 hr[err] 20. Theg-Jret hod accor di i i
wherein the source of 5 oxygen is fﬁi or oxygen en ipgegA@EmngSﬁFET
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