DESCRIPTION TREATMENT METHOD FOR SPENT CAUSTIC SODA 5 Technical Field The present
invention relates to a method of treating spent caustic soda. More patrticularly, the present invention
related to a method of treating spent caustic soda produced from an oil refining process, a petrochemical
process or the like by a process integrated with a series of treatments. 10 Background Art Generally,
in order to remove impurities, such as hydrogen sulfide, mercaptan (R-SH), organic acid and the like,
included in the product generated from an oil refining process and a petrochemical process, the product
makes contact with caustic soda (NaOH) or is scrubbed. 15 Caustic soda (aqueous solution), which is a
typical strong base, exists in a white translucent crystal state, has deliquescence absorbing moisture in
air, and is used in the form of an aqueous soluBBRGRWHIAXaustic soda is dissolved in water.
Particularly, caustic soda is steadily used as a primary reactant for removing impurities because it is
effective at removing impurities as well as it is safe and economically efficient. 20However, caustic soda
having been used in remoVviMREATVIEST I METHODIOR SPHNN CAAUSTICN0PASpent caustic soda must be
suitably treated because it is harmful to the human body. In particular, a spent caustic soda solution is
difficult to be directly treated by a general biological waste-water disposal method because it has high pH,
remarkably highQipssRiaa oxygen demand (BOD), chemical oxygen demand (COD), total organic
carbon (TOC) and the 25 like. Several methods have been proposed in order to treat such spent
caustic soda. Among tespressathiodentian iktineratiormeteedod isegdnsesaiyt (wedicnodde ildimeration
method. the igyidcomponents.eha SRS caBlF Sada sallipn a1 cvanoraled bypuning fuel of or the
like to produce %%{Pbon ioxide, alkall metal carbonate and the |T<e, &nd hamiful components are 5
removed by a disposabfaeiiitingpehas inginenaiaicar ffoeckker ardikt & hanodischargeddo/ihe atmosphere
or the water system. However, this incineration method is disadvantageous in that its operation cost is
high, and it caulS§* A 58iHH during incineration.  Further, a wet air oxidation method is also known.
In the wet aj§ oxidation method, spent caustic soda is treated by bringing spent caustic soda into oxygen
gas microbubbles to 10 cause an oxidation reaction and then diffusing the condensed reaction product
using bulk liquidackgrpsnrddst an organic material is converted into carbon dioxide and water, and an
inorganic material (sulige.ff,canyaried, o ifstifale QsulataHAVEYRE IgehAk Yfjdaton method
is problematic in that high investment cost is required because it néeds a preheater, an oxidation reactor,
a cooler and a sepaiatord dsBesidesinaied aciai poils{gescldlased oilphapnthe piccbasadil, etc.)

included in the spent caustic soda discharged from an ail refining.proces a&ﬁorapetr chemical process
are 10 be treate Iy I QLA AT SO RS ALt LTl & RSSOt Ohe A fFdcscire) must be
minutely coptrotiagiianddpaticulariubigh iempataiuypi@ndiond ighepERERUL I edataraReitions must be
created according to the properties thereof, thus increasing cost. 20 Meanwhile, a Fenton oxidation

treatment meth&R Ao ReH TS RGeS AT HES HAiB 8Nt serd 8 efrE BB AJURBK chioride
(FeC12), etc.) %Bﬂtﬁ%qﬁ%%hEﬁ[&%‘%&%@iﬁ%ﬁ@@ﬂ%ﬂ?%ﬁﬁﬁiﬁ%Jﬁ@sﬁ%&%’i&@é&ﬁﬁ%@éﬁt%em method is

problematic in that a large amount of inorganic sludge is generated. Recently, in oil refining and
petrochemical plantsaryagasatidosréoroogidrpnafzs dotuwR s sffilietirs eoasiognaimmuitztess pellution have
become stricter.sﬁtqgtpaffr S@%%&?u%a icggg&tis difficult to treat because it has high BOD and COD, so it is
expressly proviaed Ig! gl esources Conservation and Recovery Act (RCRA) that spent caustic soda is
defined as %11)003 (radstiMersfidie)Sodaikevihihesp amiddaustiovaedampotisishecprogedydireqtad in order to
observe the plant

caustic soda. Spent caustic soda must be suitably treated because it is harmful to the human
body. In particular, a spent caustic soda solution is difficult to be directly treated by a general
biological waste-water disposal method because it has high pH, remarkably high biochemical
oxygen demand (BOD), chemical oxygen demand (COD), total organic carbon (TOC) and the

25 like.



5 emission regulations. That is, a proper treatment method is required to be used in consideration of type
and characteristics of spent caustic soda. Particularly, when spent caustic soda contains a comparatively
large amount of phenol-based compounds (phenol, cresol, etc.) known as highly-dangerous carcinogenic
substances, more careful attention is required. Accordingly, a spent caustic soda treatment process,
which is improved compared to 10 conventional technologies, is required. Disclosure Technical Problem
The present invention intends to provide a spent caustic soda treatment method, which 15 can effectively
remove various organic compounds contained in spent caustic soda and can minimize the generation of
by-products because neutralization treatment (pH adjustment) and oxidation treatment steps are
integrated with each difrerallechedehh®diesignopOkdfirsbdlspedteof tivd ppesentsmvedtiorprogides a method

of reating speny caustig soda, comprising dhesteps.of; a) proyidind shent caustie soda geperated from at
least one of an Ol refining process and a petrochemical process, b) adding an acid’to Spent caustic
soda to neutralizeniit@spestt Cepesticagaitasdaaasdiniaf @beuipbitt-abyWuthit: Sepaiate thelkpast caustic soda
into an upper-layer fraction and a lower-layer fraction by layer separation and then recovering 25 the

upper-layer fradtioftses APy Houdet 2l B)hkisunomerSasHBe tHeIoWe e FABIRSAHISIRE presence of a
trivalent ironsCoRaiRIg, ¢ atbystaY g addition pEABRSIdAMte: like AricEoRtAERACHA! IRe Rresent
invention provides a method of treating spent caustic soda, comprising the steps of: a) providing spent
caustic soda corisihgeraetapttn fysamatovntieds theincthitommeher salisedeantignovaboat150 to about
200 mg/L, the mse(r)cgﬁttl%lrllct%gtiﬁqéhinatﬁ q%gl%gs%rigﬂlgoglr u%%dLljr{gn(e)Ea r(()anating a product obtained from at
least one of an oll refining proceés’ and a petrochemical proCess with caustic soda; b) adding an acid to
the spent caustic sod&iahae utkadizér thedapeninetostic sadentova ph OF alao utr bialabeubdhtel, separate the
spent caustic soda into an upper-layer fraction and a lower-layer fraction by layer separation and then
recovering the OPBEFARYS AL R4 DIV HRIRR RO AU XTI FrEae HRERVARISY & 10 fraction in
the presengg ot.autHvR BN ioN CRAMRI R heRtANERHh@ Alditio R Ltian RXdanting bulk iRjichaspect of the
present invention provides a method of treating spent caustic soda, comprising the steps of: a) providing
spent caustic s&HEIESAIRIAMYIHEGEBBCEN ih conVEHTIURP FrEPantHiRN g andniBifnt | ae feergrdih about 150 to
about 200 my/l, he MelrARIALARINGIOHSSHAUInaAPLrAGR Y Rl eating aRspgi! gbtained from
at least one of an olil refining 15 process and a petrochemical process with caustic soda; b) adding an
acid to the spens pablsticigodahto guiredinadhespentquandticcaodd teqdbhgidibaert mtoxabout 9 to separate
the spent caustic soda int? an ﬁ)er-la er fraction and a lower-layer fraction by layer separation and then
recovering the UBPSr-Ay8 efr%flor?pé‘%at "by-product; and c) oxidation-treating the lower-layer fraction in the
presence ofsa trivalenBigm-;ariainingicatsl sty shedosditignaeian xdant2) ideivaaih@d according to
the third aspect may further include the steps of:é%l%@?dding an acid to the oxidation-treated spent caustic
soda to adjust tFRSTHFREpHS SR selsmrrdsTom s ell sy Repep G thecp rrisa)isateEPSsEHE Lustic soda of

step d) into an 't&@&@&fé@%?rtﬁéﬁ%{é&ﬂ Qﬂﬁaf?olp}i’{&ﬁﬂ@,M%cﬁ&?%iﬁéfn@&ﬁg%@ﬂﬁ%ﬁ’b@&%&@‘ﬁ{ﬂns‘ieCOVe”“9 the

upper-layer fraction as a'by-product. The method according to an embodiment of the present invention
may be appliedbxo 2Egplentawioltd sodapormdininghshevolnartior meihthehicossidroik@omepounds.

conditions must be created according to the properties thereof, thus increasing cost.

20 Meanwhile, a Fenton oxidation treatment method using bivalent iron compounds (for
example, ferrous sulfate (FeSQy), iron chloride (FeCly), etc.) and hydrogen peroxide is also
known. However, this Fenton oxidation treatment method is problematic in that a large amount
of inorganic sludge is generated.

Recently, in oil refining and petrochemical plants, regulations for liquid or gaseous

25 effluents causing air or water pollution have become stricter. Further, spent caustic soda is



In an embodiment of the present invention, the trivalent iron-containing catalyst may include iron oxide
(ferric oxide (Fe203)). In an embodiment of the present invention, the acid used to lower the pH of
spent caustic soda may be sulfuric acid. 5In an embodiment of the present invention, the oxidant used in
the oxidation treatment may be hydrogen peroxide. The method according to an embodiment of the
present invention may further include the step of additionally treating the treated spent caustic soda using
dissolved air flotation. If necessary, prior to the subsequent treatment, a base is added to adjust the pH of
spent caustic 10 soda to 6 to 8, specifically, about 7 to about 7.5 such that the subsequent treatment is
suitably performed. In an embodiment of the present invention, the oxidation treatment may be
performed at a d&fnpltatex wtaboirhdhigh A6 r80r@PRdsaipressurelppraibided ih thSaBewt®satm,
specifically, at aCtemR,er.atured(H about Ot:(g{(?;z%ﬁtth@ t artld a pressure 0 a%out“bé% outt1 3 atm, and the
15 oxidation trea?rlhsgn??ﬁlﬁgnmaﬁcgée jlfs within'a’ alﬁgfé‘ucs) A Ooﬁtlséz? 8°aBdu 1F%a}(r:I,Vzgpecifically,
about 90 to abowtfddd.min. However, in the second and third aspect, since the properties of the spent
caustic soda to be oxidation-treated may be changed depending on the previous pH adjustment

(neutralization) conditldke (#BF-e3P5Rh SRSTHdh GRST &5 doBf ik el di g SRt EriEsPiAlthe second
aspect 20 agd thifdRaReshMaY PenaloUL AP RRR: 2ARIBIN aRgARAY LA ARAMLA2 I, specifically,
about 90 to about 180 min and about 180 to about 360 min Advantageous Effects According to the
spent caustic sotianeeadrpkeamcierstivo dfopehiecartissedanbantidnlyprdeaspey Bstaspieconndsieted under
non-severe congliians noh ageompany g biaNemRSIAIE Apan RIal: RIeFsNe, candifigns. and
by-products are ge%erate(‘j/ In'small amounts, w ere‘by this' method can be a vantageou%s to subsequent
treatment proceksgsoiRatiidudgthic adsardigiordhiscfnetmdospeajuadistic soda containing a large amount

of phenol compounds can also be efficiently treated, so this method can be widely used in treating spent

caustic soda generatedCEHNSErid SREULTHSES (iR S rmsM P oo e SIS P BENSLERIREH! Srocess).

For this reagon cthisiisthedis-rdyantagamus compared to a conventional technology in which an oil
refining process and a petrochemical process are separately conducted or spent caustic soda discharged

from an oil refining process is additionally treated. Moreover, since the embodiments according to the
second aspect gad third aspect can be combined to be realized in 10 one process, a switching operation
can be conducted according to the properties and state of spent caustic soda, thereby assuring process
flexibility. Descfljetimmical Brodoleings FIG. 1 is a schematic process view showing a method of treating
spent caustic soda ini.g order of stetPs of %ad'ust ent and oxidation treatment ccor% to an
embodiment of the preSeRTTHVERTEN" mt@] RS GBS ETAAHBRRRG ¥ Cgthod of
treating spapt Caksiifeandp iRaslenaiciepeMiditshipbladushnned, axpatlicniraleah@oshsecond pH
adjustment according to another embodiment of the present invention; 20FIG. 3 is a schematic view
showing a testif§PpREa Bt S IFERET P ERaRsieds PegaEpo ngHgelization treatment (pH adjustment) and

oxidation treatment steps are integrated with each other.

Technical Solution

20 A first aspect of the present invention provides a method of treating spent caustic soda,
comprising the steps of: a) providing spent caustic soda generated from at least one of an oil
refining process and a petrochemical process; b) adding an acid to the spent caustic soda to
neutralize the spent caustic soda to a pH of about 1 to about 9 to separate the spent caustic soda
into an upper-layer fraction and a lower-layer fraction by layer separation and then recovering

25  the upper-layer fraction as a by-product; and c) oxidation-treating the lower-layer fraction in the



Comparative Example 2; and FIG. 4 is a schematic view showing a testing apparatus used in
Comparative Example 3. Best Mode 25The present invention may be embodied in many different forms
without departing from the spirit and significant characteristics of the invention. Therefore, the
embodiments of the present invention are disclosed only for illustrative purposes and should not be
construed as limiting the present invention. The above and other objects, features and advantages of
the present invention will be 5 more clearly understood from the following detailed description taken in
conjunction with the accompanying drawings. The terms used herein are defined as follows. COD
(chemical oxygen demand) is a value obtained by converting the amount of a 10 chemical oxidant
(KMnat, K2Cr2p#Zpaeguire tiitelot enmicatitiitieg ortahosey dndiditidizel potlvthnts in water into the amount of
oxygen. BOD (biochemigal 0X %?%gemand%i/sénagnan;&lf tS%f o%%ggrg)trter%jred for the decomposition

- . second, aspe resent n} S en% %austlc
and oxidization of organiC materials in water by aerobic microbes, the amou ereor being expressed by

ppm, mg/L or thedikeotipheansthatghethigheo B, shathighet thealnaluiiomdevphiniwaste water is.
A phenol compound is a compound in which a hydroxy group gjl—&)’)is directly bonded to aromatic
hydrocarbon. FEPEAMSIERMBSATRNGH SrrpbRe RoPepheb i meindin BERIAL B Iow:

[Chemical Formaqhled dufmipRIeaE Be-RhRDLERmp ottatisMay: ReudeRhE IR biffasRhdimethyl

phenol and the like Particularly, these phenol compounds are included in large amounts in cresyl-based
spent caustic sothgess and Negprhehemiealprietdss avihisosidiscdsit) (RA@ @HkidviadheispRtisagstycloalkyl of 5 to

6 carbon atoms or a derivative thereof, and is non-volatile. In the present.specificati naphthenic acid
Ebehedmeint Sy o ek B R SR i o TR el
Chemical Formedes@ bedowitddCgriitgbHododanz] awherdigeraisial byl éyer ofphrtoickhwadtazan atoms, and

nis an integer of 7 to 30. - Mercaptan is a compound having a R-SH structure, and is an ingredient

giving off a bad"&S¥AENE AWy FLUBBGE AR dustd B eA RO NG PR m an oil
refining progessaneiah adateeRaNIGAl AERGREScoh MBS BRFRLCKY SRUILRB T RkakaeXxemplified in Table

1 below. A third aspect of the present invention provides a method of treating spent caustic soda,
comprising the steps of: a) providing spent caustic soda containing mercaptan in an amount
more than the amount selected from about 150 to about 200 mg/L, the mercaptan being
introduced during a procedure of treating a product obtained from at least one of an oil refining

15 process and a petrochemical process with caustic soda; b) adding an acid to the spent caustic
soda to neutralize the spent caustic soda to pH of about 5 to about 9 to separate the spent caustic
soda into an upper-layer fraction and a lower-layer fraction by layer separation and then
recovering the upper-layer fraction as a by-product; and c) oxidation-treating the lower-layer
fraction in the presence of a trivalent iron-containing catalyst by the addition of an oxidant.

20 The method according to the third aspect may further include the steps of: d) adding an
acid to the oxidation-treated spent caustic soda to adjust the pH thereof to about 2 or less; and e)
separating the pH-adjusted spent caustic soda of step d) into an upper-layer fraction and a lower-
layer fraction by layer separation and then recovering the upper-layer fraction as a by-product.

The method according to an embodiment of the present invention may be applied to

25  spent caustic soda containing phenol and/or naphthenic acid oil compounds.



[Table 1] Class. Generation process Function of caustic soda Oil refining process Kero Merox process
Removal of H2S and naphthenic acid from kerosene LPG Merox process Removal of H2S and
mercaptan from LPG LSR Merox process Removal of H2S and mercaptan from gasoline FCC process,
GSU process Removal of H2S and mercaptan from gasoline Petrochemical process Naphtha cracking
process Removal of H2S and CO2 from naphtha As the above-mentioned generation source of spent
caustic soda, for example, in the

In an embodiment of the present invention, the trivalent iron-containing catalyst may
include iron oxide (ferric oxide (Fe,03)).

In an embodiment of the present invention, the acid used to lower the pH of spent
caustic soda may be sulfuric acid.

5 In an embodiment of the present invention, the oxidant used in the oxidation treatment
may be hydrogen peroxide.

The method according to an embodiment of the present invention may further include
the step of additionally treating the treated spent caustic soda using dissolved air flotation. If
necessary, prior to the subsequent treatment, a base is added to adjust the pH of spent caustic

10 soda to 6 to 8, specifically, about 7 to about 7.5 such that the subsequent treatment is suitably
performed.

In an embodiment of the present invention, the oxidation treatment may be performed at
a temperature of about 30 to about 90C and a pressure of about 1 to about 10 atm, specifically,
at a temperature of about 40 to about 70°C and a pressure of about 1 to about 3 atm, and the

15 oxidation treatment time may be adjusted within a range of about 60 to about 420 min,
specifically, about 90 to about 210 min.

However, in the second and third aspect, since the properties of the spent caustic soda to
be oxidation-treated may be changed depending on the previous pH adjustment (neutralization)
condition (for example, pH range), each of the oxidation treatment times in the second aspect

20  and third aspect may be about 60 to about 240 min and about 60 to about 420 min, specifically,

about 90 to about 180 min and about 180 to about 360 min.

Advantageous Effects
According to the spent caustic soda treatment method of the present invention, processes

25 can be conducted under non-severe conditions not accompanying high-temperature and/or high-



Merox process of the oil refining process, spent caustic soda may be prepared by the following Reaction
Formulae 1 to 4: [Reaction Formula 1] R-COH NaOffRCONa IT/0 5[Reaction Formula 2] [Reaction
Formula 3] 2RSH 2NaOH2NaSR , [Reaction Formula 4] 2NaSR + 0.502+ 1120RSSR + 2NaOH catalyst
10 Like this, the kinds (types) of spent caustic soda are classified into three types, such as sulfurized
spent caustic soda, naphthenic spent soda and cresylic spent caustic soda according to the kinds of main
impurities (sulfide, naphthenic acid, cresylic acid, etc.) removed from hydrocarbons. The composition and
concentration of spent caustic soda are varied depending on 15 the kinds of plants. As the sulftuized
spent caustic soda, there may be exemplified spent caustic soda discharged from a naphtha cracking
process as a petshe poichiproeasbyapiddacisRE Memoxdenst agoamsoihefihyrigipnedeskcaihis sulfurized
spent caustic s%da contalns Na2 NASR NaSH and thepllke h vm% (ﬁractehlstlc ?fshlgh COD and

BOD. The naph %enlc sﬁerlmltsc%ﬁls cqu§8 :f%%lﬁ tang s %Sr ealgﬁll%aﬁ nﬁfﬂen?éngm d'has high COD

and BOD. The ciigsil @mmﬂh@aqm@amtamﬁdabmm{p@ﬁMamﬂwbgaﬁlelcaﬂlydt&msam in the state of
water-soluble cresylate. The characteristics of flow of spent caustic soda discharged from an oil

refining proces§h§ g}eéhﬁﬂfélﬂ S ‘Tlgﬁlﬁéuﬁegé}é‘iﬁm[ﬁﬁéﬁfétﬁfusm soda generated from various sources (oil

5 refining process and/or petrochemical process).

For this reason, this method is advantageous compared to a conventional technology in
which an oil refining process and a petrochemical process are separately conducted or spent
caustic soda discharged from an oil refining process is additionally treated. Moreover, since the
embodiments according to the second aspect and third aspect can be combined to be realized in

10 one process, a switching operation can be conducted according to the properties and state of

spent caustic soda, thereby assuring process flexibility.

Description of Drawings
FIG. 1 is a schematic process view showing a method of treating spent caustic soda in
15 order of steps of pH adjustment and oxidation treatment according to an embodiment of the
present invention;

FIG. 2 is a schematic process view showing a method of treating spent caustic soda in
order of steps of first pH adjustment, oxidation treatment and second pH adjustment according to
another embodiment of the present invention;

20 FIG. 3 is a schematic view showing a testing apparatus used in Examples 1 and 2 and
Comparative Example 2; and

FIG. 4 is a schematic view showing a testing apparatus used in Comparative Example 3.

Best Mode

25 The present invention may be embodied in many different forms without departing from



Naphthene based Cresylic acid-based Sulfide- based Jet oil’lkerosene Diesel Concentrated Diluted
NaOH (wt%) 1-41-410-151 - 4 2-10 Sulfide (wt%) O - 0.1 very small amount0-10-0.2

the spirit and significant characteristics of the invention. Therefore, the embodiments of the

present invention are disclosed only for illustrative purposes and should not be construed as
limiting the present invention.

The above and other objects, features and advantages of the present invention will be

5 more clearly understood from the following detailed description taken in conjunction with the

accompanying drawings.

The terms used herein are defined as follows.
- COD (chemical oxygen demand) is a value obtained by converting the amount of a
10 chemical oxidant (KMnO., K,Cr,O7) required to chemically decompose and oxidize pollutants
in water into the amount of oxygen.

- BOD (biochemical oxygen demand) is an amount of oxygen required for the
decomposition and oxidization of organic materials in water by aerobic microbes, the amount
thereof being expressed by ppm, mg/L or the like. It means that the higher BOD, the higher the

15 pollution level in waste water is.

- A phenol compound is a compound in which a hydroxy group (OH-) is directly
bonded to aromatic hydrocarbon. For example, the phenol compound is represented by
Chemical Formula 1 below:

[Chemical Formula 1]

R
EE %}—LH

R - ST,
20 ' Ri=H or CH:, R =CH:

Examples of the phenol compounds may include phenol, cresol, dimethyl phenol and

the like. Particularly, these phenol compounds are included in large amounts in cresyl-based

spent caustic soda.



0.5 - 4 Mercaptan (Wt%) 0-0.50-0.50-40- 0.5 0.1 -4 Naphthenic acid (wt%) 2-10 2-15
(wt%) 0-0.50-0.1

- Naphthenic acid is a carboxylic acid (R-COOH), wherein R is a cycloalkyl of 5 to 6
carbon atoms or a derivative thereof, and is non-volatile. In the present specification, naphthenic
acid may be a mixture of various naphthenic acids. Exemplary naphthenic acid may be
represented by Chemical Formula 2 below:

5 [Chemical Formula 2]

/@—m ),-COOH

Lo
wherein R; is alkylene of 1 to 10 carbon atoms, and n is an integer of 7 to 30.

- Mercaptan is a compound having a R-SH structure, and is an ingredient giving off a

bad smell.
10
As described above, spent caustic soda is typically generated from an oil refining
process and/or a petrochemical process. The generation sources thereof are exemplified in Table
1 below.
[Table 1]
Class. Generation process Function of caustic soda
Oil refining process Kero Merox process Removal of H,S and naphthenic acid
from kerosene
LPG Merox process Removal of H,S and mercaptan from
LPG
LSR Merox process Removal of H,S and mercaptan from
gasoline
FCC process, GSU process Removal of H,S and mercaptan from
gasoline
Petrochemical process Naphtha cracking process Removal of H,S and CO, from
naphtha
15

As the above-mentioned generation source of spent caustic soda, for example, in the

Carbonate



Cresylic acid (wt%) 1-30-110-252-50-4 Ammonia very small amount pH 12 - 14 12-14 12 - 14
12-1413-14 As given in Table 2 above, spent caustic soda may have a high pH value (for
example, pH of about 12 to about 14, specifically around 13). Particularly, the spent caustic soda

Merox process of the oil refining process, spent caustic soda may be prepared by the following
Reaction Formulae 1 to 4:

[Reaction Formula 1]

R=COH + NaQH —®» R-CONa + H20

5 [Reaction Formula 2]

OH ‘Ma™

+ NaODH — + Hy0

[Reaction Formula 3]

2RSH + 2NaOH —»= 2NaSR + 2H20

[Reaction Formula 4]

2NaSR + 0.50,+ H20 — RSSR + 2NaOH
catalyst
10
Like this, the kinds (types) of spent caustic soda are classified into three types, such as
sulfurized spent caustic soda, naphthenic spent soda and cresylic spent caustic soda according to
the kinds of main impurities (sulfide, naphthenic acid, cresylic acid, etc.) removed from
hydrocarbons. The composition and concentration of spent caustic soda are varied depending on
15  the kinds of plants.
As the sulfurized spent caustic soda, there may be exemplified spent caustic soda
discharged from a naphtha cracking process as a petrochemical process and a LPG Merox

process as an oil refining process. This sulfurized spent caustic soda contains Na,S, NASR,

NaSH and the like having characteristics of high COD and BOD. The naphthenic spent caustic



10 generated from an oil refining process may have a high COD level of about 65,000 mg/L or more,
specifically, about 70,000 to about 94,000 mg/L. Further, the concentration of phenol in spent caustic
soda may be about 2,000 to about 40,000 mg/L, specifically, about 2,000 to about 8,000 mg/L. According
to an embodiment of the present invention, acid is added to spent caustic soda to lower the pH of the
spent caustic soda, thus separating the treated spent caustic soda into an upper-layer fraction and a
lower-layer fraction. Since the above pH ranges from a strong acid to a base, the pH of spent caustic
soda may be determined within the range of about 1 to about 9, specifically, about 2 to about 9 in
consideration of the physical properties of the spent caustic 5 soda, the characteristics of a neutralization
titration curve degdenditgnon kg additisiofiapbibknih eqpd ssibliiy haghc6(Dsiod BepPeritiagrenyline material of
process equipmentt, the tpoggibilit}gj%f Iep/erlsergaiatign, and th gosusibilitx?oftqve¥he%1ti_ng1 ‘ﬂaending on
heat of neutraliZ&tion. >« in Ceorbreé At INvention, afff‘?oaﬂlﬁﬁc & USdge ot Vatiods Kints of acids is not
excluded, it is prefgred that an acid be suitably selected, considering the difficulty in determining the
material 10 of a reactor depending on the corrosion of the reaction due to acid. In this point of view, it is
preferred that sulfuric RGGBEUREECSH Farbienhialiseectstharetrm B dmERREY S Iution
(concentration: 8%k THHESSSRAYY. a diluted aqueous solution. As described later, organic
compounds (components) existing in spent caustic soda can be separated (extracted), recovered or
removed by the adjustifaélet?df pH attributable to the 15 addition of acid. In this case, pH can be usefully
used as an index for deterrining theiameidnisafl acid adped. Smesificallyhahen sulfursoraeid is used as an
acid, sodium mercaptide, spdinniceesytate] sodnn Sulilldec&aeﬂm bisulfideuaind sodiukainaphthenate
existing in speniGausig.soda are converied by tha following Reaction Formulae 510 9, kespectively,
through the neUuRafization reacrimwmmam;@_ag%tion ef suifuric agdo20[Reagion Formula 5]
2NaSR + H2S04 -> Na2504 + 2RSH [Reactionfgaimula 6] 2RONa + H2504 -> Na2504 + 2ROH
[Reaction Formutgfl2aNaRzs H25@4 Na2504 (25 {ReactioyEprmuta 8T 2NaSH+1§2504|-> Na2S04 +
2H2S [Reactian Fqopayla 9] 2RCOONa + H2S04 -> Na2S04 + 2RCOOH 5 Typically, owing to the
exothermic I‘eatf\?‘iiwﬂléfﬂ%ﬂuwibti@ rf apHradjustpyent{neutralization)jreaction-of spent caustic soda
(solution type) attrigisable to acid treatment, as the pH adjustment reaction of spent caustic soda
proceeds, the tempgraitire thereof increasestn-this case, fof,eyample the temperature(forjprevention of
freezing) of spent Q%tic spda provided in

Cresylic acid 1-3 0-1 10-25 2-5 0-4
(Wt%)
Ammonia - - - - very small
amount
pH 12-14 12-14 12-14 12-14 13-14

As given in Table 2 above, spent caustic soda may have a high pH value (for example,

pH of about 12 to about 14, specifically around 13). Particularly, the spent caustic soda

10  generated from an oil refining process may have a high COD level of about 65,000 mg/L or

more, specifically, about 70,000 to about 94,000 mg/L. Further, the concentration of phenol in

spent caustic soda may be about 2,000 to about 40,000 mg/L., specifically, about 2,000 to about
8,000 mg/L.

According to an embodiment of the present invention, acid is added to spent caustic

10



10 the pH adjustment (neutralization) reaction may be about 5 to about 20C , specifically, about 15 to
about 20r . Further, when the pH adjustment reaction proceeds at a desired level, the temperature of
spent caustic soda may be about 40 to about 80 C, specifically, about 50 to about 70r . However, the
above temperature range is illustrative, and the temperature of spent caustic soda may be changed
depending on the physical properties thereof. 15As described above, in this embodiment, spent caustic
soda is separated into an upper- layer fraction and a lower-layer fraction by adjusting the pH of spent
caustic soda at a predetermined level while neutralizing the spent caustic soda with acid treatment. In this
case, the upper-layer fraction, which can be obtained by layer separation, can be recovered as a kind of
by-product, and@kistdowettie: fddmf dfeaspagcnusibsodurtiguipartiegrbésiorddapingrausinmitdn sieell 20 to
naphthenic acid, and iglthu%referre t? as '_'fed %[il".t.The composition g{){red o]} ma%:be chagged according
to the type of sﬁ%ﬁ? FAUSHC sa(ﬁ:&gl} and' n%gflrir?gfﬁ &a HOU%% o AhoUt30 WS o?rﬁg 2R al(|c:)10nents having a
boiling point of @3(bhser RWErcakskakbaustid i abobd &ivitediieawne: compdaeiis! hawoa e boiling point
of higher than about 230C. This numerical value range is illustrative, and the present invention is not
limited thereto. PSNisa LRI ?ﬂ?ﬁﬂﬁdﬂéﬁ@%ﬂﬁﬂéﬁfﬂpﬁ’é’éﬁa&m&?ﬁd’g HoPRSRAFAME phenol,
cresol, and dimgfhykiRhenab. ARt Meshakiie.NE A COMBRARE A% ARRIERIGRGIdRA%Rd Mixtures
having a molecular weight (I\ 4",) of about 200 to about 400. Further, gaseous components, such as
hydrogen sulfideossiulithiefl kcaropradicoendling tretivanaterip @f orogsro cavinrecrir éheliskibitie dfteythe outside of a
reaction system and then removed..5As such, the reasop for separatin e%ioil (mercaptan, naphthenic
acid, phenol-ba%egg%gﬁﬁ%(ﬁtr%P %St%ééog)/yﬁrr}ggﬁné?e? ™ th Or?eﬁtrta?%g(ljgﬁﬁ%a Uct is that a catalyst is coated
with oil components dlirihgpea subise¢ientahkitalidmr tikegtvfent @radeds,ftus prexrerdlndg:dneioxidation
reaction and/or the fluid flow in_a catalyst from smoothly,procee,diE@F and that a, Iargg amount of hydrogen

peroxide must BETEEY 3 W Asibbraietivektsd-cransinGent, bn dUReR Autlsisainng BSEvasEH cost and/or

causing an @pesatiEalsiichin: RESIeS Ribr @RI LasHHHAl OraaNiTCANPAREHLSAs! @k toxic
materials in a subsequent treatment procedure, for example a biological treatment procedure, these
residual organi®€bisohanteldres AsifUbeeErtd beuFafolad M YsretretEr i Eunedetp Hetitged xidation
treatment. As d&%&ﬁ&%ﬁé&%&&b%Wsﬂ-fﬁye%ésgﬁﬁtao&&{&%@&m@éﬁ&l%éepafated and recovered by 15 a
general layer separation method. For eéxample, pH-adjusted (that is, neutralized) spent caustic soda
(lower-layer fraction) Hendexgrigidinrelyotgrge spaeificlg (evrityoisids chiatige th ipshtbaatiglsodmeaof pipes and
valves provided at both lower ends of a reactor, and then residual upper:layer fraction, that is red olil, is
D AR A R

discharged throligh tAE S S BISE AR HE Ut e BB b U ASERELLiRY (5 A B8R bSdSent of the

present inventiogditea smadntahithassppetlayeiseRifiastion dhatis fed-eihnsenarataddiarmrthe
pH-adjusted spent caustic sold (neutralized product) may be determined in consideration of the physical

properties of sprsitt dddgdticSsedbralia YhepilaEfuatih dnted i Ache i Atk o dndition). For
example, as deggtiigd abaKs, diRRHAIMSHRERIPIRG OIS AREAMAAR IS AR SYARGMjGFeaction, and
thus excessive temperature rise may be caused during the procedure of lowering pH. Considering this
respect, red oil sody 25 dyavseipdriatabewhilenpes fBrasiing theprkadjustthenspseipahatibropgodbeures in a
multistep manner ording to. circumstances. Besides, the amount of the separated and recovered
red oil may be abou @B?f%aégb%lu t%bb%iﬁ%%yﬁl Vo udrlrl?gl,1 (s)%sé% |ccaaff31/g|about 0.02 to about 2.5 parts by
volume, anghmore spgRificadly Fbaulh 515 to about 2 parts by volume, based on 100 parts by volume of the
total amount of spent 5 caustic soda. Meanwhile, considering the treatment capacity and reaction
condition of the subseﬂff’éﬁb%&ﬁcﬁ N@ﬁﬁ’ﬁé’r’rﬁ%ﬁe produced red oil with predetermined pH range may
be separated (recoveigd)Raktialiygs & @ maximum extent. This separated (recovered) red oil may be
discarded (incinerated) later, or naphthenic acid may be separated therefrom to be reused as an
antiseptic agent. 10TR&SIpEnt Ratic S ihaRi8H ower-layer fraction) remaining after the steps of
neutralization (acid tr%ﬁgglﬁgﬁ)l%gguﬁeﬁaration (recovery) contains phenol-based compounds, naphthenic
acid and other organic components as before. In this case, it is difficult to remove the organic components
using a germeral waterNeesitntbROprodesSGuEcH.8s dissolved air flotation. In this respect, according to
another embodiment of the present invention, the oxidation 15 treatment reaction is performed by
supplying an oxidant in the presence of a catalyst containing trivalent iron. In this case, the amount of
phenol in the pH-adjusted spent caustic soda used in the oxidation treatment reaction may be varied
depending on the physical properties of spent caustic soda discharged from an oil refining and/or
petrochemical process. For example, the amount of



20 phenol in the pH-adjusted spent caustic soda may be about 1000 to about 5500 mg/L, specifically,
about 2,000 to about 4,500 mg/L. Further, for example, the COD of the pH-adjusted spent caustic soda
may be about 10,000 to about 20,000 mg/L, specifically, about 10,000 to about 17,000 mg/L. This
numerical value range may be changed depending on the physical properties of spent caustic soda and
the previous step of the pH adjustment 25 (neutralization) reaction condition. Further, prior to the
oxidation treatment reaction, the step of adjusting the pH of spent caustic soda to be advantageous to an
oxidation reaction may further be selectively performed. For example, when the pH is adjusted very low
(strong acid range) in the pH adjustment step, a suitable amount of a base component (for example,
sodium hydroxide) is dcetbtd-tmaydB] 5 adjusted spent caustic soda to adjust the pH thereof in a pH
range in which the oxiﬁgtm I &og) ‘é{@nﬁf n eseffectively performed according to the characteristics of
a catalyst, and then the oxidation treatniént réacton may be performed. Conversely, when the pH thereof
is adjusted relatively IgR¢a@isuRaBigiagnount of an acid component (for example, sulfuric acid) is added to
the pH-adjusted spent caustic soda in consideration of the subsequent oxidation treatment 10 reaction
conditions (characteri%ﬁtgs()&él\fil éﬂaﬁ%ﬁ&&%%ﬂ%@ﬂ% oxidation treatment reaction may be
performed. 5 Inthe embodiment of the present invention, organic components (particularly,
phenol-based compounds) included in the pH-adjusted (neutralized) spent caustic soda (lower-layer
fraction) remaining affEypindlgeparagion dfoettahicanes oxitiiad dyrecippidngrhn alidadivinine 15 presence
of a trivalent iron-containing catalyst. Like this, even after the separati f red ail, organic components,
such as penol AT S S R B R e
subsequent oxigHtidjudreatnenideatciont. cActordiagiadtB, e kagiimant okibd poessnt iverntion, a
trivalent iron-containing catalyst is used instead of a bivalent iron-containing catalyst (for example, ferrous

sulfate, ferrous SEFiISTABRY e HIRES HEE T B FBHeb AR A W B h BRI SR S fon. When this
trivalent irogycomtaip a@b&a;@lméaﬂﬁ%om gRELARgEHBIIChGIbOXIdGOGEEREHRN BN QSCUT is wide

compared to when the bivalent-iron containing catalyst is used, so that process control is easy, the

production of iréh @%@é}:\n Bethermabrabhy ﬂéﬂ@é@&?&ﬁﬁ@@@ﬁi@@moﬁ%t@?%ﬁ‘ﬁé Bienol-based
compounds, WQé?c%&ﬁ%%'ﬁf%ggtﬁ?a“&%tm%?%%fbgqﬁ&ﬂ‘ﬁ%'§6 %Jﬂl%%%?%%cﬁﬁ%ﬁ%%%&%@% §t In the case of

the bivalent iron-containing catalyst use e conventional Fenton™ oxi n reaction, the activity in a
reaction is redudgt, $btheapkhofispeningaustic sodaisslintreasead drdethpsaompoepmntoftibe bivalent
iron-containing catalyst may be converted ini?c: insoll{aple iron hydroxide (Fe(OH)2), thereby producing a
large amount of“i% QU ?lfﬁegcé)?ﬁf‘gs%/voﬁé ¢ BRSBTS IS A &S Rkaining catalyst is used according to an

embodimens of the 5 pregepfibeyapsinNinties RrIEMea! RFed usINg: IR KISRIdgRCaNUpgePVErcome. In
this regard, it is preferred that iron oxide (Fe203) be typically used as active component of the trivalent

iron-containing @4talffagtiah apk< 1o vrsisIestafipsticanbyxidanip ahe ceia Al SAYMreyelr poBxiie) can be
converted into aadicalinaving %&Eﬂ@geﬁﬁﬁﬁﬂ\%)(he sphibaidationdreatimentierciipRviign hydrogen

peroxide is used as an oxidant, 10 phenol and cresol are respectively converted by the following Reaction
Formulae 10 arite 1ppdReacfiosifiormhigiaciidlic CBHEBD by tayed kpORtion, 6@ORrecdvErA @s [Reatbeion Formula
11] by-product, and exists in the form of a viscous brown liquid or emulsion having a similar smell
20  to naphthenic acid, and is thus referred to as “red oil”. The composition of red oil may be
changed according to the type of spent caustic soda, and may include about 20 to about 30 wt%
of light components having a boiling point of 230C or lower and about 70 to about 80 wt% of
heavy components having a boiling point of higher than about 230°C. This numerical value

range is illustrative, and the present invention is not limited thereto.

25 Most of the light components are phenol-based compounds (for example, phenol, cresol,
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C5H80 + 17H202 -> 7CO2 + 21H2 15 According to an embodiment of the present invention, the
catalyst may be applied in various manners, such as trivalent iron-containing catalyst, support form,
extrusion form and the like, and thus the present invention is not limited to predetermined forms. For
example, an iron source or precursor (iron acetate, ammonium iron, iron chloride, iron oxalate, iron
phosphate or 20 the like) is reacted with a base (for example, sodium hydroxide) to be converted into iron
hydroxide, and then this iron hydroxide is calcinated at high temperature (for example, about 500 to about
800 ) to be converted into iron oxide (Fe203). Generally, iron oxide has been used in the treatment of
gaseous waste, and particularly can be usefully used in the oxidization and removal of phenol-based
compounds in spérimetbgtich@®isoud . ivigariwieileaiy ordgotenimnpeowehthenmctihidtyasrdseleciiaty of a
catalyst, at least one co- catalyst.selected from li metals (patassium, sodium, etc.), lanthanides
(anthanum, colHREAE Sl SIER Mg b LA AL LSt B may be added
in a small amouRhi@b&xampde ai @i areopsirtd itorkhwitbdispecHicaliyrabe utsthigabeuhd0 wt% based
on the total amount of the component having trivalent iron (typically, Fe203)). When a support 5 is used,

inorganic oxideSYfisleekamionsiiem et ReaIFMmMEd zirconia, magnesia, etc.), which can be used as a
ger_leral cat%lye_:t SUpp%t’s_H&ﬁ)/tﬁkerHa%GH f&dfgg_ 8l 'Gn@r&é%@&'ﬂéﬁiﬁ%ﬁf&%&&fpﬁé}&mﬂdbe ml_xed with
a binder (alumina or the like) and then used in order to improve the formability of a catalyst. In this case,
the amount of aetmeaidnetiroas bormaiticidreortigoeinligsdniodiariy, thedn d@abxidec(Ped0ady) il the catalyst
may be about 20 to about 90 wt%, specifically about 30 to about 85.wt%, and. mare specifically about 50
to about 80 wiot LTSI Al & B R e bt Rt BB S SR o
Meanwhile, acaeiiding dalentenfiadiove it ofathigspfiesenmioniiniioceetive thivhlent ikogeemotaining catalyst
may have a density of about 1.1 to about 1.5 tg/cm3, a specific surface area of 15 about 1 to about 6 m2/g
Ll

and a breaking HPEGth RSFRIUESY (BealBtt B NATTHICH b HEE M RK AT 18 are

illustrative, and $heREERAL ARYBNLARIAS ARTPEMIRH Hiekeiteon. BMRBOWHIS HAARSMAQHmENt of the
present invention, the oxidation treatment reaction may be performed by a fixed bed method (catalyst

size: about 3 tocaBERRRO ) tvﬁ%mm@éﬁlﬁédam@mw%w@%ma@a@e@a§Xémﬁ%®ah§@q@'<_>al method of
directly providing, 4 cata H&&Q&Qﬁ@&%ﬁ’%@ﬂh&? &Qa%J%SM&ISﬁ@%%f 106 RS RHoR AfJnacHvation by the

precipitation of a catalytic active metal, the regeneration of a catalyst, the necessity of additional
treatment due tpré¢haegemedatiohpobby-griddisotseaimeability of a catalyst, the simplification of a process, and
the like. In the case of the fixed %ed method, since air bubbles may be formed at the upper 25
portion of a fixed bed MG AN ARUISt FERHOH TR Aol o8 LA Bt Wy NBLEE SHBOM when the
object is pagsed feaputig diRERFAEKIRIHAE BT dQutht: | pHekpasiqmiher selrlihenaiwie cibgifixed bed may
be configured such that the object is passed from the lower portion thereof to the upper portion thereof.

According to arr¥thboufriarst et pradantelabehiibreesrgsffcraid Aerhu gt tgh 8% henol-based
compounds) in@f‘ﬁg&’sigfﬂ‘@aﬁ@%}%@?&q SP6h FWSTGI0 R AreRddiipnally %ﬂléﬁﬁbﬁ&%@@oved by

adding an oxidant. As the oxidant, hydrogen peroxide, ozone or the like may be used, and, preferably,
hydrogen peroxideionathadyes wded. Pdstloubad(hrovsh thiwdicogen g thxidbésasaccasite oxidant, it may be
used in the form of an aggrgglustosoluetlinno(ifmaegt% t%gng (gén%l:l)ovu}l 10 t%eagr%ltl %O %N&)%)h ég}?_ a{fiecrally, about 25
to about 40 wt%. 10In‘%ﬁls embodimen , he amountior 4 ca affys(tn*’or & oxidation re |or?]may be
20  fraction (that is, red oil) separated from the pH-adjusted spent caustic sold (neutralized product)
may be determined in consideration of the physical properties of spent caustic soda and the pH
adjustment condition (neutralization reaction condition). For example, as described above, the
pH adjustment procedure accompanies an exothermic reaction, and thus excessive temperature

rise may be caused during the procedure of lowering pH. Considering this respect, red oil may

25  be separated while performing the pH adjustment-separation procedures in a multistep manner
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determined depending on the concentration of phenol-based compounds in spent caustic soda. For
example, the ratio of Fe3-9oxidant in the catalyst may be about 0.4 to about 10, specifically, about 0.4 to
about 5, based on equivalence. Further, the usage of an oxidant may be determined depending on the
physical properties of the neutralized reaction product. For example, the ratio 15 of oxidant/COD (based
on weight) may be about 1 to about 3, specifically, about 1.5 to about 2.5. In this embodiment, the
oxidation treatment reaction can be performed under a non-severe (mild) condition, and may be
advantageous compared to a wet air oxidation method requiring high-temperature and/or high-pressure
process conditions. 20For example, the oxidation treatment reaction may be performed at a temperature
of about 30 to adsouti®@g tb amcaspressure of about 1 to about 10 atms, specifically, at a temperature of
about 40 to about 70 t and a pressure bout 1 to about 3 atms, and the oxidation treatment time may
be adiusted with the rH0 o SABILEG 1 RS0 e SEBEReLl b U BCGRIG mm
25Further, the peasessvaraw,difttgditioalRiSabsnb0.0e abdnay Dguds BatChl e Cessniré sRIfidAlioUS process.
When it is required to apply it to various properties and states of spent caustic soda or to switch (convert)

a process modé@P@bhtdA PrteSehay e Radsted If ORI sl S SRS B bescribed
above, afterthe. Qiifalon reRlmeRle, 1AL G RSHADR RIREHCLMARRE.S adials0dp @range of about

6 to about 8, specifically, about 7 to about 7.5. This pH adjustment is performed in consideration of
post-treatment preseasse oxigsioalipandis sl etpdiccloredion WAPedescasdnt sbiologicdbtreatment

process.  In (elation io . e el Rostiteaiment BOGRRS DAL ISeanfighted sugh nat, when air
is sufficiently disgolved in water at Igh pressure and then |r'1jectecelp into raw water to be 10 ¥reated,

supersaturatedtaidis-dakn &dcintabdible soranghthase bidoblg darsepaarabihedhwithdlaceusetha treated water
to form a bubble-flo¢c combination. This bubble-floc combination rapidly ascends to water surface to attain

solid-liquid sepaPftBiTPHS #i8'case, this procedure induces a chemical reaction, and thus it is required to

suitably adjuyst the pHTRNGR:H felaE tRaeathamaxisnizadhe atficisnaxriifleagtiome lgdhis, since the
dissolved air flotation (DAF) process 15 is sensitive to pH, it is required to adjust the pH in a neutral

region. Fu_rther,né‘yé?rlfwiﬂﬁe(ﬁél(?@?@a_%b@ﬂ‘iré@ﬁé'ﬂ@ rseRay) §m%®@>@§§@mﬂdwwn¢&y cause the
reduction in tfe%@ﬁfﬂf&ﬁ@&&ﬁ'&ﬁ&’%& Sdg-pdyvanaaseusieRdshibe.RHIR @RgHRlGgiem Meanwhile,

according to an embodiment of the present invention, considering the generation source of spent caustic
soda, a processugiaic berpeleotedsiby devidinipardisetiing pregpibR0 mdgeliedhe Gbaive. pH adjustment

procedure. For exam;*le as the tygclcald. eneration source of s(&ent caustic soda, the Ke({ao. Merox process
is an exemplification. I tHe PRSCeATA S ARSMTH § 8 SISt hY st LU Jlredie SBution) to
remove naphthesigReideiRC ptadrRERCnRsedaQNpaURtsaReihe ke camaibatinidierosene
separated according to boiling point in an crude distillation, as represented by Reaction Formulae 1 to 4,
sodium naphen%f@}%’d‘iﬂm 25 mercaptide, sodium phenolate and the like are mixed with caustic soda to

produce spent caustiqy, g;s case, the amount of phenol in the pH-adjusted spent caustic soda used in the
oxidation treatment reaction may be varied depending on the physical properties of spent caustic

soda discharged from an oil refining and/or petrochemical process. For example, the amount of

20 phenol in the pH-adjusted spent caustic soda may be about 1000 to about 5500 mg/L,

specifically, about 2,000 to about 4,500 mg/L.. Further, for example, the COD of the pH-

adjusted spent caustic soda may be about 10,000 to about 20,000 mg/L, specifically, about

10,000 to about 17,000 mg/L. This numerical value range may be changed depending on the

physical properties of spent caustic soda and the previous step of the pH adjustment

25  (neutralization) reaction condition.
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soda. In this case, when the amount of mercaptan (R-SH) introduced into the process of producing
spent caustic soda is below a predetermined level (for example, selected in the range of about 150 to
about 200 mg/L), high-concentration caustic soda may not be used, and, 5 generally, the concentration of
caustic soda in an aqueous solution is about 1 to about 4 wt%. Therefore, the concentration of caustic
soda in spent caustic soda also becomes low. In contrast, when the amount of mercaptan (R-SH)
introduced into this process is above a predetermined level, the activity of a catalyst used in the process
(particularly, Merox process) may be rapidly deteriorated, so a comparatively high-concentration caustic
soda (generally, the concentration of 10 caustic soda in an aqueous solution is about 6 to about 10 wt%)
is used in order to incfeaber.theoastitieyosiationtalysicanehthis, dotivat of qoifoted e pl foEspeantly performed.
Therefore, the concentrdaltion of caustic soda in spent caustic sod?u%ﬁc%@gaegtigg Considering the
im

caustic so tOCFe ady nt?% ous (o an o ation reaction ma C werf(brmed. .
above regards, in‘an embodiment ofthe present invention, an o\p' Ized process may be realized by

dividing and settiigspRwiange: ipHheaalbave ey @6justong atid aproaetw pHRiEapEGEgaan
embodiment of the present invention, in the step of adjusting the pH of ?)ent caustic soda (that is, the

amount of mercHpta ARRYaLERE Mo tRRRGIEM: EdURRERIS I I BRIbdraide) isvidkied ectisari the range of
about 150 tq abpykRAQ,MEk)HSIRE.IRUARRNGE BRI ERUSSE égghnkbﬁcﬂ%ﬁﬁ%ﬁ%%éﬂ eaction heat
e

and vapor is relatively low, so the pH of spent caustic soda may be adjusted relatively low in order to
sufficiently extraan hednik Fistheltirereohedaydbuliapsuthe thamstaus®:ssacificdiby atsbten e about 3, and

more specificallél %bout 1.§ tQ zE\bout 2.1n t%is e bodH‘n tﬂthe am untl(l)ft thse(pz%r.at%d 'c}ncg recovered
red oil may be aﬁloﬁ%of t%e%l Sﬂtrga%o%glr%g %/R/eor'%]%nrﬁ%,' s%rpge)c‘fﬁrcsglﬁy,w a %Ltjtelp to about 2. Jl|rlJSaefts by volume,

and more specifitailylabouta Juffatte abouhtdbpartsidywvopones; iassangie 1 Qlhprrisid)isaldshe of the total
amount of spent caustic soda. In this embodiment, the amount of phenol in the spent caustic soda

remaining after BSePhHUMGL RNt SHIthETa dofioBd AL P h e TR HX ISR e caustic soda

introduced § intR4hBPiAation aatmentireactienyacadyralimay e saigshdrpendine.anthe physical
properties of the spent caustic soda discharged from an oil refining and/or petrochemical process. For
example, the amayPt BSFI9FB#bI in the pH-adjusted spent caustic soda may be about 1,000 to about 4,000

mg/L, specifically, abqyt,1. Q08 {8, ABOUF #ORQMEfvhHEGHLAIRE 88%%5’3948 @%&QBffpﬂéﬁoﬁH'adj“Sted

ts )
spent caustic soda may be about 10,000 to about 16,000 mg/L, 10 specifically, about 10,000 to about

14,000 mg/L. bastheqpipemdjissiadugpént deustiadodal isexidatidn sfrantedstiChedxitatiotmireatment
reaction of the [})H-ad'usted Sferg Ca}LIJstic soda néa belperfor.g]e gt a tewoerature of about 30 to about
90r and a press(ife 8P ABBU %S Sl T s % CiMlcHfiy St ter o EPRRIPE 81 SBSHY 45 about 70r and
a pressure gf abRitintetorab@uiieheldiscatnmetarapacifigaliwiat ddeameeias uepakad ahewbi0 to about 60r
and a pressure of about 1 to about 2 atms, and the oxidation treatment time thereof may be about 60 to

about 240 min, YBEUFEAMORBEUEGY @5 KBEIR-bEedwATRRENdscHhitle 45 idEHIH fedetbrrtPherature and
pressure condi@gg&i@@xgﬂ%g@ad%;g&ggg ging endhs-physicalgperties of the pH-adjusted spent
uitabl

caustic soda. However, the s e oxidation reaction conditions of the pH-adjusted spent caustic soda
may be deduced by aAwsprnterthfora®@dhrngimgtire autiont dovediions toreltiniesivadiphgnol
concentration. catalyst is used instead of a bivalent iron-containing catalyst (for example, ferrous sulfate, ferrous
20 chloride or the like) used in the commonly known Fenton oxidation reaction. When this
trivalent iron-containing catalyst is used, the pH range in which an oxidation reaction can occur
is wide compared to when the bivalent-iron containing catalyst is used, so that process control is
easy, the production of iron sludge can be remarkably reduced, and organic components, such as

phenol-based compounds, which are difficult to treat, can be effectively oxidized and removed.

25 That is, in the case of the bivalent iron-containing catalyst used in the conventional Fenton
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In this aspect, the amount of phenol in the finally-obtained spent caustic soda may be about 500 mg/L or
less, specifically, about 100 mg/L or less. Further, the COD thereof may be about 1,000 to about 5,000
mg/L, specifically, about 2,000 to about 3,500 mg/L. 25Second aspect According to another
embodiment of the present invention, in the step of adjusting the pH of spent caustic soda (that is, the
amount of mercaptan introduced into the spent caustic soda is above a level selected in the range of
about 150 to about 200 mg/L) using high-concentration caustic soda, reaction heat and vapor may be
rapidly generated during the procedure of adjusting 5 pH using acid, and thus the corrosion rate of the
raw material (for example, iron) of a reactor due to acid and the damage rate of a coating material due to
acid may be incredsed (theicortbsiotvigtarof tivectaw imetkxed, svdbetidd dii epfatacitsis pedpartional to
temperature). In order to overcome this prohlem, reaction heat may be lowered by slow]y adding acid,
ot In this caseM T REAITES HES LR BAGTHEOT SPE B er SO B et nent e i
relatively increaseubld ildhekgdaradéh@&4binf) s privbgaistic-Beda Imay Deabaiftiphosiidgdt Ia specifically
about 6 to about 9, and more specifically about 7 to about 9. In this case, the amount of the separated

and recovered FOBIBHFMYAS RS ABGURN D EAINDE B2 HATEBYAHRMIAR [Spemkodipedii .02 to about
0.04 parts by volumg.Rasesh QR LRABIPATLE R¥veluneehiheiipiR ameutabseent tﬁg%gmgda- 15In this
embodiment, the amount of phenol in the spent caustic soda remaining after the pH adjustment and the
red oil separatighp(tirarcis tiierpHsidiuErea:s pe hpisalisiscd aslaciive somperbintd deetdsideitiomtreatment
reaction procedure). may he abopt 3,000 to abqut 5,000 mag/L cifically, about 4,000 to about 4,500
malL. Further, o S e A e 000 0 mbout
20,000 mg/L, specitical iytedhadica GO0 miauiyl 7,000 mg/L. Further, the oxidation treatment reaction
of the pH-adjusted spent caustic soda may be performed at a temperature of about 30 to about 90t and a

pressure of about 1 taaHEUP G A AR Eifeaf Y R PEPSETr ESBF S ot 5! & ABSUHBES, and more
specifically gt ajiemparatwe olaRtdrixabet O3 haicvRie RS PEakRI I daRAnqut 3 atms, and the
oxidation treatment 25 reaction time thereof may be about 60 to about 420 min, specifically, about 180 to
about 360 min.  AdRsstemEraEal@l in this aspect, it is possible to prevent the excessive generation
of reacti_on heat and veg_g&gg%%;ﬂe@@eﬂwgt@n of _operatio_n sta_bility due to the gxcessive
generation thereof occurring when the pH oigspent2 caustic soda is rapidly lowered during the pH 5
adjustment procedure/Reavigvennsihicd the degree of reduction of pH is low in the pH adjustment
procedure, organic materials, icula hengl compounds produced by a subsequent oxidation
treatment reaction ma?%é&ﬁsﬁ%%?érﬂégg%b%@%éompared to in the above-mentioned first aspect. In this
case, the ampount of phenol in the pH-adjusted spent caustic soda (that is, lower- 10 layer fraction)
introduced into the oxidation treatment reaction may be a predetermined level or more (for example,

about 5,000 mg/L or mM&Fayling tRiancerekodimerbob Be SRt HMe%iRRBRA tREFhERY, bR/ eReli§driheroxide may
be used in a large; ARG RIGPRHRAIR ROCRSL SRR SALIIHORAR Forfs Bt RIIH ATl FgaRIioN time

increases, or a foaming phenomenon occurs in proportion fo the usage of hydrogen peroxide, thus
obstructing a prdecessl dpsithtioreschhaneftre, il Bop hiytedgeatedeemimed famoubiviaiepelst gaustic soda is
oxidized by hydrogen peroxde and residual spent caustic, safla, s oxidizefh to,a,pH of about 2 or less,
specifically about o dhout 2 b(y(ﬁlle addition o?lauér?lfhe fbamlng’p enomenon rﬁay 6 Be removed in
the pH adjustmentie)dedeadd andh themssaeho hisngeparaiea, thexahi addikaallytanmoviggnphenol
components. Of course, according to circumstances, even when the amount of phenol in_the pH-adjusted

spent 20 caustiBYaEuiie2ed e THe B Svoxidntisaistaisdal sk enpLay i sraarlf&mentbrocedure may

be omitted by adjustingoie Qxidalinnieatngdh eRudiigrs,).  Thereafter, residual lower-layer fraction
may be sent to a subsequent treatment process (for example, DAF).
Generally, iron oxide has been used in the treatment of gaseous waste, and particularly

can be usefully used in the oxidization and removal of phenol-based compounds in spent caustic

25 soda. Meanwhile, in order to improve the activity or selectivity of a catalyst, at least one co-
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As described above, two-step pH adjustment procedure is introduced. In the first step, a 25 small amount
of red oil is separated and recovered, and then an oxidation treatment reaction is performed. Thereatfter,
in the second step, red oil is additionally separated and recovered. In this case, the amount of organic
components (phenol compounds and/or naphthenic acid compounds) is considerably reduced, thus
decreasing the total generation amount of red oil. For example, when a two-step pH adjustment
procedure is accompanied, the amount of finally- 5 recovered red oil may be about 0.01 to about 0.1 parts
by volume, specifically, about 0.01 to about 0.05 parts by volume, based on 100 parts by volume of the
total amount of spent caustic soda. Therefore, the produced red oil may be separated partially or in a
maximum amourtlyst sdlecthisfi@spaktlithetamotatsoiiphediomnethe kindHyidbidinbahspentrtaustic soda may

be about 1000 mg/L qr less, specifically, about 700 mg/L or less. Further, the COD thereof may be 10
about 2,000 to KO BRY HIEE Ry ety WHBE RS S1OBO TG BATIA D an

embodiment of theprese BtdmpRNTHan, AvoeR f Irivae Rtiropeaialy ingaatal yisbis 405ed4Be oxidation
treatment reaction, the following advantages can be obtained. That is, since sludge is not excessively

formed during e Bscdetatisnoresetibe CRTEWSU I PR SIS KB HEN T B de Y hes fAsWiNffast, when a
generally-knowp Rivalgpliiapharedaataliskisitseduislugagds sxeassiveimdorneed, anchibus itis
substantially difficult to perform a subsequent neutralization reaction. In the pH range in which an
oxidation reactibhtss@asi\zpneribeataiht thiepor reayde ofddivedenshéatyiomibautombinatisouhaediut the pH
range of trivalent yron is,widened o 2Baut, 1 i aRout B Terelare, a5 deseribed ke, spent caustic soda
can be treated %t)l/ a two-mode 20 operation, and it is advan ageous In terms of process operation
efficiency. Partitutedbyijtgisfece-dtalypH range in which an oxidation reaction catalyst has activity is wide, it is
possible to overcome the problem caused by excessively lowering the pH in tlﬁﬁqeérPH adjustment procedure

prior to the oxidation r@alfforise: the areunk gEan TAylGH TN SPoRUIAs SORPSRERL RS HLh 38'bf treating
spent caustig sedRLPA0SNIHINY a1 emPedimentotdhsrresentinyentionty aboBER fsBstic soda

discharged from an oil refining process and/or a petrochemical process is transferred to a pH adjustment

unit (neutralizatfonvtfhigng wseeriadie beutiRdosthent Eavistic Bevayrhalcveeep diitefy¥tdeed and then
supplied to the agngg(l%gg%g% %QH%J&&E@ A SReNt caustic supply unit 1, but, if necessary, may be directly
supplied to the pH adjustment unit 3 from 5 an oll refining process or a petrochemical process.

Sulfuric acid (typicallyMematjle cusostihgtionucentzidimena bbb tie 98evetioioksufuric adidlkis supplied to the pH

adjustment unit 3 from an acid supply unijt 2 thrqugh a ljne 12. T upplied spent caustic spda and
culfoic acid ar€ BTSN BA0H DL 10EALE A A Tt AFH o et i he pi
adjustment gnita8og iNerarsed By thal healehhaagmorizaiian LAseactioynhccaiBgtasikcumstances,
excessive temperature rise can be prevented by a heat exchanger or a cooling jacket (not shown). As the

neutralization ré4R8HFR RSt SHIR R BING SR REDEHE b B0 diBdeddhisds, sodium phenolate,
sodium cresylate, sodiym,aphthenAiREHFIRGLIHSPRILEANRHGAOHR Kig.reRReLEMSofyerted into

phenol, cresol and naphthenic acid (red oil), and, simultaneously, a gaseous component such as
hydrogen sulfidexds bigehiarged by 4 xthebelinithodicaalyst sireestivaustparoyndt showihipiowded in the pH
adjustment unit 3. the result of the pH adjustment (neutralization) of spent caustic soda, an
upper-layer frat:bt?gnmgﬁ%%arfg\x/e%ﬁI%é/‘éap%%ctlfgﬁ %nﬁgafce)?r?]% .rpﬁglr%a tztzaﬁﬁ%lgrﬂré%{/%&:%a%t%n scseparated as
red oil by layer sepgiaiion, andbidhendransieme gioadyr producivited bil)thegossitatait & via an outlet
provided in the pH adjustment unit 3 through a line 13, and residual spent caustic soda 20 (lower-layer

fraction) is tranSHEREE 10 5h BSRG AROITIrRSRHAR AT drir 8 i BG GResIRePL ALH AR SRRt B ther outlet
provided in the tﬁ%k'g%ﬁék&ﬁ%ﬂ%%y?%&icﬁhﬁﬁ&ﬁ)iﬁn%amﬁdi%, %E(Hﬂ?ﬁﬁéﬁbéﬁrcff aghiegRsd 3xhand pH-adjusted
spent caustic soda (lower-layer fraction: 14) are easily separated from each other because of specific
gravity differend&ethey can be respectively separated, and the recovered red oil can be discarded or can
be retreated for the pyrpase. of extracting 23;naphthenic acid, . .dn.this,.embadimept. shawn in FIG. 1,
the oxidation treatment unit é‘ %s provig)é%t eré%n withsa ?ﬁed %ueg ?nad% o? iron oxi?fe }Fe%gOB), and an
oxidant, preferghlyicanfagfieousdydiogen @adaiddecsalotiaheifeuppliedipdheagxidaicosmisetatment unit 6
from an oxidant supply unit 5 through a line 15. Due to the addition of the oxidant, organic components,
particularly, phenol-

17



5 based compounds are converted into carbon dioxide in the presence of a trivalent iron-containing
catalyst. The carbon dioxide generated in the oxidation treatment unit 6 is transferred to the pH
adjustment unit 3 and then discharged to the outside. The oxidation-treated spent caustic soda is
transferred to a subsequent treatment unit 7 such as a dissolved air flotation process through a line 16
and then additionally treated. However, prior to the subsequent treatment unit 7, organic 10 components,
which were not converted into carbon dioxide in the oxidation treatment unit 6, may be additionally
removed by an coagulation treatment process (not shown), thus reducing the load of the subsequent
treatment unit 7. The coagulation treatment process is well known to those skilled in the art. In the
coagulation treathee tittpiyce sqyasvgbinio donopen et a teecobgulation dypreatiherdbie heritlorA 131 to form
floating materials, n% hese flpating materials are removed. 15 Particularly, it is advantageous in that
Fage partally SLOUHGN B DAt ak e s B S BESPRN: process
functions as a chagppapotagetiaionith A13+. FIG. 2 is a schematic process view showing a method of
treating spent caustic soda (two-step ph adjustment process) according to another embodiment of the

present invention. SpeWEeiRgie YbdRPaieRAE el MBI R SRt PRSI RS s YtYochemical 20
process Is trﬁ”%ﬁéﬁ&%&%@ @Bﬁ{p%_hé’s‘jil'ﬂﬁliﬂéﬁ&‘tiﬁ rﬁﬁe(fﬁéh{aﬁiéﬁaéi%%@&lk{wt)s&ﬁﬁr%!ﬂﬁbﬁaiﬂﬁ 111. As
described above, the spent caustic soda may be separately stored and then supplied to the first pH
adjustment unitox@ddomd acspend braddiosupplidunit Aothe pwidaftnbdsgaryeinade beaecthe supplied to
the first pH adjystment unit 103 from an.oil refining process or, a petragchemical pracess. Further, an acid
for example, ST B B B A Bl oy
102 through a lgeodili? isl nsediss tasexidha, ihhef tepeat wahistics oflanisqaeljustedtfsain aboudmito about 9,
specifically, about 6 to about 9. As a result, an upger-layer fraction and a lower-layer fraction are formed.

Here, the uppeﬁiﬁk}?ﬂlﬁ%ﬁﬂ?ﬂqggéﬂ?ré@&ifé@nr}éa SHthy RREEpR4tion, and is then transfer to a

by-product (ged oil) regp\ty sHbdRdnviaraneiatigt Brovidedyin e firstpiad ysimantnit k03 through a
line 113, 5 and residual spent caustic soda (lower-layer fraction) is transferred to an oxidation treatment

unit 106 througHetviacd Hepepfing etediosiAcaimBHoarcd Bietobhasid semnanesitssisrt sdjtistiadht unit 103.
The oxidation tieamephlinif. 408 i PEoYIRENPTRIIMN iy oY ish AKe, 61490 idR(fi203). and an
oxidant, preferably, an aqueous hydrogen peroxide solution s supplied to the 10 oxidation freatment unit
106 from an oxudbant Géppiyounit B:Redtbreggimiiltae RibeDibe tadhef addidiknt ofdhbeakicantedrganic
components, SLéCh agﬁphengl-bk?sedlco%ou%g ,arec nvcfrted.into cda\rbo dioxideiain the presence of a
trivalent iron-cottaiRtAGg CAtafyEF I REPEREH didkde gararatad i Btk d A FRkHEA Unit 106 is
transferred fo the dindhiid @Djuskaest weills) ang teaboliomiagbsecangepiicadjumsuens unibdd and then
discharged to the outside. 15The oxidation-treated spent caustic soda is transferred to a second pH
adjustment unitz(éecond neutralization unit) 108 through a line 116. An acid is supplied to the second pH
adjustment unit 108 frany,A seeEeRthakidhsURRINHA kLA HTRMADAlRSL prtmmadiuatihe Rl of the
oxidation-treated spent caustic soda to about 2 or less, specifically, about 1 to about 2. In the embodiment
shown in FIG. 2¢the firsldacimdupplyndmind 02 ardythfegseiwsorachpaid suppiyt ahit1i0io0 medskparately
shown, but an acid. may.be supplied fro single acid supply unit through line connection. Further, acids
supplied from tﬁ%qlﬁlrusqga}{lnc%th_ts.elrjn pfillull,lrﬁl ﬁ!g)ﬁ%la%hdgf Sesué(ég%é)%énﬁégﬁsply unit 107 may be different from
each otherand the pifysicahpiepastiesdiionhaxample reeice risiatie Heabswoplied @aidsamay@also be
different from each other. An upper-layer fraction (red oil) and a lower-layer fraction are formed by

the 25 neutraliZif8hrH8 M 9P tetpparerays ChRotbh o ginOamas e stk A4 & IFrRERBIF are

respectively separgiathbYol et 8RR 0P eGELrURRR T IBYBHTT3GHAD {redholkip.dransigrad to a
by-product (red oil) recovery unit 109 via an outlet provided in the second pH adjustment unit 108 through

a line 118, and f&sigdgsbs pdnstehyystichs saac(rbwher 8) & FpaetiGA g saprfierbedabous Xlib deeiient treatment
unit 110 through,g J})Tr? 119. 5According to a further embodiment of the present invention, the method of
treating spent caustic soda may be constituted by combining a plurality of modes in a single process
according tosthe physidatheroperpes ot spentiogustihsodabudmaintisiiay bies tredtedl. frhasispthe modes (i) pH
adjustment (pH: about 1 to about 5) -> oxidation treatment and (ii) pH adjustment (pH: about 5 to about 9)
-> oxidation treatment or first pH adjustment (pH: about 5 to about 9) -> oxidation
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10 treatment -> second pH adjustment (pH: about 2 or less) may be alternated or switched by valve
operation. As such, processes for integrally performing a plurality of modes will be illustrated by the
following Examples. Mode for Invention 15Hereinafter, the present invention will be described in more
detail with reference to the following Examples. However, these Examples are set forth to illustrate the
present invention, and the scope of the present invention is not limited thereto. Example 1 20(1) Physical
properties of caustic soda Spent caustic sodas used in this Example are two types of spent caustic
sodas, and are produced from a KMX (Kero Merox) process licensed by Merichem and UOP. The
physical properties thereof are given in Tables 3 and 4 below. [Table 3] Temp. pHNaOH
CODmMnCODcrBosRhemaidderddtanSpeificc@8o (pliva)d1viBeots ) pfofdtpy bad a0 Sidn) (MS/1-)
gravity 1713 caustic soda or to switch (convert) a process mode, a batch process may be adopted in order to
secure process flexibility.
As described above, after the oxidation treatment, the pH of the resulting product may be
5 adjusted in a range of about 6 to about 8, specifically, about 7 to about 7.5. This pH adjustment
is performed in consideration of post-treatment processes, typically, a dissolved air flotation
(DAF) process and a biological treatment process.
In relation to this, the typical post-treatment process “DAF” is configured such that,
when air is sufficiently dissolved in water at high pressure and then injected into raw water to be
10 treated, supersaturated air is formed into bubbles, and these bubbles are combined with flocs in
the treated water to form a bubble-floc combination. This bubble-floc combination rapidly
ascends to water surface to attain solid-liquid separation. In this case, this procedure induces a
chemical reaction, and thus it is required to suitably adjust the pH range in order to really
maximize the efficiency of a reaction. Like this, since the dissolved air flotation (DAF) process
15 is sensitive to pH, it is required to adjust the pH in a neutral region. Further, even in the
biological post-treatment process, since excessively low pH may cause the reduction in
treatability of microbes, it is advantageous to adjust the pH in a neutral region.
Meanwhile, according to an embodiment of the present invention, considering the
generation source of spent caustic soda, a process may be selected by dividing and setting the pH
20 range in the above pH adjustment procedure. For example, as the typical generation source of
spent caustic soda, the Kero Merox process is an exemplification. In the procedure of contacting
or scrubbing caustic soda (aqueous solution) to remove naphthenic acid, mercaptan, phenol-
based compounds and the like contained in kerosene separated according to boiling point in an

crude distillation, as represented by Reaction Formulae 1 to 4, sodium naphenate, sodium

25 mercaptide, sodium phenolate and the like are mixed with caustic soda to produce spent caustic
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3.5 26,000 76,000 19,500 4,000 163 1.15 [Table 4] Temp. pH NaOH COLkin COD BOD5 Phenol
Mercaptan Specific (t) (va) (11S/1-)

soda.

In this case, when the amount of mercaptan (R-SH) introduced into the process of
producing spent caustic soda is below a predetermined level (for example, selected in the range
of about 150 to about 200 mg/L), high-concentration caustic soda may not be used, and,

5 generally, the concentration of caustic soda in an aqueous solution is about 1 to about 4 wt%.
Therefore, the concentration of caustic soda in spent caustic soda also becomes low. In contrast,
when the amount of mercaptan (R-SH) introduced into this process is above a predetermined
level, the activity of a catalyst used in the process (particularly, Merox process) may be rapidly
deteriorated, so a comparatively high-concentration caustic soda (generally, the concentration of

10 caustic soda in an aqueous solution is about 6 to about 10 wt%) is used in order to increase the
activity of a catalyst, and this activation procedure is frequently performed. Therefore, the
concentration of caustic soda in spent caustic soda becomes high.

Considering the above regards, in an embodiment of the present invention, an optimized
process may be realized by dividing and setting the pH range in the above pH adjustment

15 procedure.

First aspect

In an embodiment of the present invention, in the step of adjusting the pH of spent

caustic soda (that is, the amount of mercaptan introduced into the spent caustic soda is below a

20 level selected in the range of about 150 to about 200 mg/L) using low-concentration caustic
soda, the generation rate of reaction heat and vapor is relatively low, so the pH of spent caustic
soda may be adjusted relatively low in order to sufficiently extract red oil. The pH thereof may

be about 1 to about 5, specifically about 1 to about 3, and more specifically about 1.5 to about 2.

In this embodiment, the amount of the separated and recovered red oil may be about 1 to about 5

25  parts by volume, specifically, about 1 to about 2.5 parts by volume, and more specifically about
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(110-) (11S/1-) (11Sn-) (mS/1-) gravity 17 13 6 73,000 100,500 26,300 7,350 231 1.21 (2) Materials used
in this Example as follows. 1) Sulfuric acid (Aldrich Corp, concentration: 98 w%) 52) Sodium hydroxide
(Aldrich Corp, solution containing 50 wt% of sodium hydroxide, which was prepared by diluting sodium
hydroxide with distilled water) 3) Hydrogen peroxide (Aldrich Corp, solution containing 33 wt% of
hydrogen peroxide) 4) As an oxidation catalyst, a commercially-available spherical catalyst containing
iron oxide (11l1) (main component) and about 20 to about 30 wt% of potassium and about 20 to about 10
30 wt% of cerium oxide based on the weight of the iron oxide and having a particle diameter of about 1

mm was prepared. The physical properties thereof are given in Table 5 below.
1.5 to about 2 parts by volume, based on 100 parts by volume of the total amount of spent

caustic soda.

In this embodiment, the amount of phenol in the spent caustic soda remaining after the

pH adjustment and the red oil separation (that is, the pH-adjusted spent caustic soda introduced
5 into the oxidation treatment reaction procedure) may be varied depending on the physical

properties of the spent caustic soda discharged from an oil refining and/or petrochemical process.

For example, the amount of phenol in the pH-adjusted spent caustic soda may be about 1,000 to

about 4,000 mg/L, specifically, about 1,000 to about 3,000 mg/L. Further, for example, the

COD of the pH-adjusted spent caustic soda may be about 10,000 to about 16,000 mg/L,
10 specifically, about 10,000 to about 14,000 mg/L.

The pH-adjusted spent caustic soda is oxidation-treated. The oxidation treatment
reaction of the pH-adjusted spent caustic soda may be performed at a temperature of about 30 to
about 90C and a pressure of about 1 to about 10 atms, specifically at a temperature of about 40
to about 70°C and a pressure of about 1 to about 3 atms, and more specifically at a temperature

15 of about 50 to about 60 C and a pressure of about 1 to about 2 atms, and the oxidation treatment
time thereof may be about 60 to about 240 min, specifically, about 90 to about 180 min. As
such, the oxidation reaction temperature and pressure conditions may be changed depending on
the physical properties of the pH-adjusted spent caustic soda. However, the suitable oxidation
reaction conditions of the pH-adjusted spent caustic soda may be deduced by an experiment for

20  changing reaction conditions to attain desired phenol concentration.

In this aspect, the amount of phenol in the finally-obtained spent caustic soda may be
about 500 mg/L or less, specifically, about 100 mg/L or less. Further, the COD thereof may be
about 1,000 to about 5,000 mg/L, specifically, about 2,000 to about 3,500 mg/L.

25 Second aspect
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[Table 5] Fe203 (wt%) Density (g/cm3) Specificsurfacearea (1112/0 Breaking strength (N/mm) >70 136 3
25 4. Test procedure 15Testingfix aftE In this Example, a testing apparatus shown in FIG. 3 was
used. In FIG. 3, afirst container 201, a second container 204, a third container 205 and a fourth container
207 were made of Pyrex, and their respective volumes were about 2.5 L, about 2.5 L, about 2 L and
about 50 mL The fourth container 207 is filled with about 7.5g of a spherical iron oxide WE-based
catalyst. (1) Test 1 About 700 mL of spent caustic soda given in Table 3 above was introduced into a
first container 201 and then stirred at a rotation speed of about 150 rpm. The initial pH of spent 5 caustic
soda was measured using a pH meter, and the pH change thereof was observed while injecting sulfuric
acid using a dropping ipetieg Sulfuticraaidwasimjected untilt hecpidraadhesenbd adjstapththen the stirring
was stopped, a;gﬂ if)e spent caustic %oda yas left for. about 0.5 hr Ctmti(* it was geegtarated in&g red oil (upper

t
layer) and the -8d?ﬁes et us?%%%(f 85u%&ilé’s§aaén ﬂ%r\l}v(ér'flae{/(?ﬂt.a%]ﬁg? He eltnytgr Seharation betWeen the red oil

and the pH-adjusigélénaeientizesidspart dfbeatisiisiaombsuc0inipeg uansalisp-2ehiemagiapened, and a
valve 203 was closed to transfer the pH-adjusted spent caustic soda (lower layer) to a second container

204.  After tHa"Hi9 qtfusasto e AR YaRRE BBy BRIy Bsyered duriag thp Reter M iariidiHYB%o the second
container 204, the \alve- 202 Was tRBHoanH e MalvEa R RZMMas BrengpitoilkaNsie R rggk oil (upper

layer) to a third container 205. In this case, the amount of the transferred red oil was 15 about 2 vol%
based on the tm%mﬁffée@hmmf exoaftie segiaial due to acid may be increased (the corrosion rate

of the raw material a reactor due to acid is proportional to temperature). In order to overcome
this problem, reaction heat may be lowered by slowly adding acid, but, in this case, it is difficult
to treat a suitable amount of spent caustic soda because treatment time is relatively increased.

10 Therefore, the pH of spent caustic soda may be about 5 to about 9, specifically about 6 to about
9, and more specifically about 7 to about 9. In this case, the amount of the separated and
recovered red oil may be about 0.02 to about 0.05 parts by volume, specifically, about 0.02 to
about 0.04 parts by volume, based on 100 parts by volume of the total amount of spent caustic
soda.

15 In this embodiment, the amount of phenol in the spent caustic soda remaining after the
pH adjustment and the red oil separation (that is, the pH-adjusted spent caustic soda introduced
into the oxidation treatment reaction procedure) may be about 3,000 to about 5,000 mg/L,
specifically, about 4,000 to about 4,500 mg/L.. Further, for example, the COD of the pH-
adjusted spent caustic soda may be about 14,000 to about 20,000 mg/L, specifically, about

20 14,000 to about 17,000 mg/L.

Further, the oxidation treatment reaction of the pH-adjusted spent caustic soda may be
performed at a temperature of about 30 to about 90 C and a pressure of about 1 to about 10 atms,
specifically at a temperature of about 40 to about 70C, and more specifically at a temperature of
about 45 to about 65C and a pressure of about 1 to about 3 atms, and the oxidation treatment

25 reaction time thereof may be about 60 to about 420 min, specifically, about 180 to about 360
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Thereatfter, the pH-adjusted spent caustic soda was stirred in the second container 204, and a valve 208
and a valve 211 were opened and a valve 209 and a valve 210 were closed while operating a pump 206,
thus circulating the pH-adjusted spent caustic soda between the second container 204 and the fourth
container 207. Then, about 25 mL of hydrogen peroxide was 20 injected into the second container 204
using a dropping pipette to cause an oxidation reaction. The oxidation reaction was performed at a
temperature of about 55 r and normal pressure for about 120 mm. In this case, the ratio of oxidant: COD
(based on weight) was about 2:1. After the oxidation reaction was finished, sodium hydroxide was
injected thereto using a dropping pipette to adjust the pH of the spent caustic soda to about 7. 25(2) Test
2 About 700imL of spent caustic soda given in Table 4 above was introduced into a first container
201 and then stirred al&a ota io(p Egeed of.aboutt1§0 r m.b'll'hte initialtp of the spent ctaustitc soda was
measured using a pH meter, and" éepﬁ tcl:]‘r‘?aaﬁ € therdof Was dBServe %v%‘f%s?h‘]%éﬁ%eéasl%qfﬁric acid using a

dropping pipettesaGiditiiatasid was Riectad uptictheplibiagcheathababili§. duandiberctevstirring was
stopped, and the spent caustic soda was left for about 0.5 hr until it was separated into red oil (upper
layer) and pH-a%ﬁ‘Ef‘é“l‘%ﬁPé'Ef‘é?ﬂf@&‘f}gﬂBgs‘éﬁ]éF& @PS\REPF&P%% i Sa ‘Pa?@%@e‘ﬁ‘é(?ﬁdﬁ“ﬁ@t%%@ﬁ the red oil
and the pH'@Méﬁ%%&@%&'ééﬁl@ Sﬂ%%@%ﬁ'l@esﬁféad\é‘g?é C&'}féﬁ?it%gn o @bﬁ@%vvﬁl%paqed, and a
valve 203 was closed to transfer the pH-adjusted spent caustic soda (lower layer) to a second container
204. In this casedjthenewnpeesedird.0 pirsisonatetialsp Ragitiiaizd Bisask compoandoderdrssdabput 4,380 mgl/L.
After the pH-adjusted spent caustic soda (lower layer) was completely transferred tp the second container
0a he valve S8 R R e B Wy ey o o
third container 205eimd¢hisedsesttipeamount of the transferred red oil was about 0.03 vol% based on the
total volume of the spent caustic soda 15Thereafter, the pH-adjusted spent caustic soda was stirred in the

second container 2045l §57al8 SRR G REAQNE B PRAHESEH ShEY BRGS0 e3¢ I8HE A valve 210
were closedowhilg-pR&@akH) ShacRuaPiHO thet biaatse wiatinent hadabh adiy stefpaeRrtraLS s §oda between the

second container 204 and the fourth container 207. Then, about 35 mL of hydrogen peroxide was injected

into the secondeghtditiexzorlc. shayt2-8P8ppily PipetR i disesh B ittalorcfaEcHopkidationhe oxidation
reaction was pefigrmed gl g | H‘%%F&Ef&ree 8\%)@%‘8“65%5 LA M RIESRUFF (RN RBROME Arfdnm. In this
case, the ratio of oxidant:"C (based on weight) was about2:1. After the oxidation reaction was
finished, sodiumohyahtoxice Was iméttedditenatoctisingre tooppingpifettetg pdjusidiva ptdunf the spent
caustic soda to.about 7. Sé;gest 3 Z?W%?ut 700 m 01; slpegt catustic soda f%ivertl in blef4 above was
introduced into 3 R eGP B AR IPRSA TP A0'S POt SR S R B RB B L 50 TR The initial pH
of spent caustioagdapasRaRsUresbUIDg Haid deliersandstheinid Changeardhergefosas, ahgerved while
injecting sulfuric acid using a dropping pipette. Sulfuric acid was injected until the pH reached 6.5, and

then the stirringd w4 tBEP &R sdnPIAS SPEHEERSHE SHaROW A1 dtsroPesHisa BT LiRtAeS vas separated
into red oil (uppgy &?eyﬁfciiééhdopE&i@‘?ﬂﬁﬁ‘éﬂnﬁ%ﬁ%@ﬁ&%ﬁ%ﬂ@‘ﬂ@kﬁ%@é&if?‘ﬁi%rpﬁ'?%dﬁé’t‘ﬁ{eﬁ? paration

between the red oil and the pH-adjusted (neutralized) spent caustic soda was confirmed, a valve 202 was
opened, and a yalsslzeEandban exsbell o wwpanstdy trechi-hiijostidrepering st coogangowePlayer) to a
second container 204. In this case, the content of phepol in th -adjusted spent. caustic soda was
easured uane S G RS N o R B R AR RS mereor
was about 204 1&mg koda exddiey dhetpiveanjnsiad 3peh tieaubie;sod aH avamhayeiovdscampletely
transferred to the second container 204, the valve 202 was closed, and the valve 203 was opened to

transfer the redSiPRSSER AT e RiGEB TamenoBdiiPiRis case, the amount of the transferred red oil
was 0.04 vol% based mﬁaﬁé?@im}lm@eﬂfé%?fm FAYBUGSHPRA: sl%-sréa@éﬁaf&%{m@nyﬁﬂ&%s%% and a
valve 210 were opened and a valve 209 and a valve 211 were closed while operating a pump 206, thus
transferring the(Headtdd dpent caustic soda to the first container 201. Then, the operation of the pump
206 was stopped.  AdasalieRihe Ri-adisie shRn causliG SRR AR g gl container
201, a valve 202 and a valve 208 were closed, and a valve 209 was opened, and then the pump 206 was
20 operatedsto emallilatethefict afjisstedrapé nt Causticedodal betwaenithaofirstacantaineri@0ik and the fourth
container 207. Then, about 35 mL of hydrogen peroxide was injected into the first container 201 using a
dropping pipette to cause an oxidation reaction. The oxidation reaction was performed at a temperature of
about 55 r and normal pressure for about 120 min In this case, the ratio of oxidant: COD (based on
weight) was about 2:1.



25After the oxidation reaction was finished, the valve 202, the valve 209 and the valve 203 were closed,
and then sulfuric acid was injected until the pH reaches about 2, and then the stirring was stopped, and
the spent caustic soda was left for about 0.5 hr until it was separated into red oil (upper layer) and
pH-adjusted spent caustic soda (lower layer). Thereafter, the valve 202 was opened, and the valve 203
was closed to transfer the pH-adjusted spent caustic soda 5 (lower layer) to the second container 204.
After the pH-adjusted spent caustic soda (lower layer) was completely transferred to the second container
204, the valve 202 was closed, and the valve 203 was opened to additionally transfer the red oil (upper
layer) to a third container 205. In this case, the amount of the transferred red oil was about 0.01 vol%
based on the tataifemieindlefdiespeht saostisepodd oil FRddipirabdiastedtpentcaastic babia was stirred in
the second container,204, and sqdium hydroxide was irﬁ'g%cLed usin 1 dro(%)ringﬁ ette to %djust the pH of
in das g

case, the  amount organic _compenents compo enic, _acl :
the spent caustic SO&% to 7. he €on en?s 8? pHGﬂSﬂ e spent causltiC SO reateac accordlng to

Tests 1 to 3 andoiipoGid)s thanaaha@iven, thul akiesshd®s tbal el diralen@liddofest dil NEsnber of times 1
2345678910 Phenol

example, when a two-step pH adjustment procedure is accompanied, the amount of finally-

5 recovered red oil may be about 0.01 to about 0.1 parts by volume, specifically, about 0.01 to

about 0.05 parts by volume, based on 100 parts by volume of the total amount of spent caustic
soda. Therefore, the produced red oil may be separated partially or in a maximum amount.

In this aspect, the amount of phenol in the finally-obtained spent caustic soda may be

about 1000 mg/L or less, specifically, about 700 mg/L or less. Further, the COD thereof may be

10 about 2,000 to about 7,000 mg/L, specifically, about 4,000 to about 7,000 mg/L.

According to an embodiment of the present invention, when a trivalent iron-containing
catalyst is used in the oxidation treatment reaction, the following advantages can be obtained.

That is, since sludge is not excessively formed during the oxidation reaction, it is easy to
perform a subsequent process.

15 In contrast, when a generally-known bivalent iron-based catalyst is used, sludge is
excessively formed, and thus it is substantially difficult to perform a subsequent neutralization
reaction. In the pH range in which an oxidation reaction is easily performed, the pH range of
bivalent iron is about 2 to about 4, but the pH range of trivalent iron is widened to about 1 to
about 9. Therefore, as described above, spent caustic soda can be treated by a two-mode

20  operation, and it is advantageous in terms of process operation efficiency. Particularly, since the
pH range in which an oxidation reaction catalyst has activity is wide, it is possible to overcome
the problem caused by excessively lowering the pH in the pH adjustment procedure prior to the
oxidation reaction.

FIG. 1 is a schematic process view showing a method of treating spent caustic soda

25  according to an embodiment of the present invention.
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Spent caustic soda discharged from an oil refining process and/or a petrochemical
process is transferred to a pH adjustment unit (neutralization unit) 3 through a line 11. The spent
caustic soda may be separately stored and then supplied to the pH adjustment unit 3 from a spent
caustic supply unit 1, but, if necessary, may be directly supplied to the pH adjustment unit 3 from
an oil refining process or a petrochemical process.

Sulfuric acid (typically, an aqueous solution containing about 98 wt% of sulfuric acid) is
supplied to the pH adjustment unit 3 from an acid supply unit 2 through a line 12. The supplied
spent caustic soda and sulfuric acid are mixed with each other to cause a neutralization reaction,
and the temperature in the pH adjustment unit 3 is increased by the heat of the neutralization
reaction. According to circumstances, excessive temperature rise can be prevented by a heat
exchanger or a cooling jacket (not shown). As the neutralization reaction proceeds and the pH of
spent caustic soda is decreased, sodium phenolate, sodium cresylate, sodium naphthenate
existing in spent caustic soda are respectively converted into phenol, cresol and naphthenic acid
(red oil), and, simultaneously, a gaseous component such as hydrogen sulfide is discharged to
the outside through an exhaust port (not shown) provided in the pH adjustment unit 3.

As the result of the pH adjustment (neutralization) of spent caustic soda, an upper-layer
fraction and a lower-layer fraction are formed. Here, the upper-layer fraction is separated as red
oil by layer separation, and is then transferred to a by-product (red oil) recovery unit 4 via an
outlet provided in the pH adjustment unit 3 through a line 13, and residual spent caustic soda
(lower-layer fraction) is transferred to an oxidation treatment unit 6 through a line 14 connected
with another outlet provided in the pH adjustment unit 3. That is, since the red oil (upper-layer
fraction: 13) and pH-adjusted spent caustic soda (lower-layer fraction: 14) are easily separated
from each other because of specific gravity difference, they can be respectively separated, and
the recovered red oil can be discarded or can be retreated for the purpose of extracting

naphthenic acid.
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In this embodiment shown in FIG. 1, the oxidation treatment unit 6 is provided therein
with a fixed bed made of iron oxide (Fe,O;3), and an oxidant, preferably, an aqueous hydrogen
peroxide solution is supplied to the oxidation treatment unit 6 from an oxidant supply unit 5
through a line 15. Due to the addition of the oxidant, organic components, particularly, phenol-
based compounds are converted into carbon dioxide in the presence of a trivalent iron-containing
catalyst. The carbon dioxide generated in the oxidation treatment unit 6 is transferred to the pH
adjustment unit 3 and then discharged to the outside. The oxidation-treated spent caustic soda is
transferred to a subsequent treatment unit 7 such as a dissolved air flotation process through a
line 16 and then additionally treated. However, prior to the subsequent treatment unit 7, organic
components, which were not converted into carbon dioxide in the oxidation treatment unit 6,
may be additionally removed by an coagulation treatment process (not shown), thus reducing the
load of the subsequent treatment unit 7. The coagulation treatment process is well known to
those skilled in the art. In the coagulation treatment process, organic components are coagulated
by treating them with AI** to form floating materials, and these floating materials are removed.
Particularly, it is advantageous in that Fe* partially eluted from the trivalent iron-containing
catalyst used in the oxidation treatment process functions as a coagulant together with Al

FIG. 2 is a schematic process view showing a method of treating spent caustic soda
(two-step ph adjustment process) according to another embodiment of the present invention.

Spent caustic soda discharged from an oil refining process and/or a petrochemical
process is transferred to a first pH adjustment unit (first neutralization unit) 103 through a line
111. As described above, the spent caustic soda may be separately stored and then supplied to
the first pH adjustment unit 103 from a spent caustic supply unit 101, but, if necessary, may be
directly supplied to the first pH adjustment unit 103 from an oil refining process or a
petrochemical process. Further, an acid (for example, sulfuric acid) is supplied to the first pH

adjustment unit 103 from a first acid supply unit 102 through a line 112. In this case, the pH of
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[Table 7] Test 2 Number of times 123456 7 8 9 10 Phenol 568 450 652 430 456 325 431 257 324

spent caustic soda is adjusted from about 5 to about 9, specifically, about 6 to about 9. As a

result, an upper-layer fraction and a lower-layer fraction are formed. Here, the upper-layer

fraction is separated as red oil by layer separation, and is then transfer to a by-product (red oil)

recovery unit 104 via an outlet provided in the first pH adjustment unit 103 through a line 113,

5 and residual spent caustic soda (lower-layer fraction) is transferred to an oxidation treatment unit

106 through a line 114 connected with another outlet provided in the first pH adjustment unit
103.

The oxidation treatment unit 106 is provided therein with a fixed bed made of iron oxide

(Fey03), and an oxidant, preferably, an aqueous hydrogen peroxide solution is supplied to the

10 oxidation treatment unit 106 from an oxidant supply unit 105 through a line 115. Due to the
addition of the oxidant, organic components, such as phenol-based compounds, are converted
into carbon dioxide in the presence of a trivalent iron-containing catalyst. The carbon dioxide
generated in the oxidation treatment unit 106 is transferred to the first pH adjustment unit 3 and
the following second pH adjustment unit 108 and then discharged to the outside.

15 The oxidation-treated spent caustic soda is transferred to a second pH adjustment unit
(second neutralization unit) 108 through a line 116. An acid is supplied to the second pH
adjustment unit 108 from a second acid supply unit 107 through a line 117 to adjust the pH of
the oxidation-treated spent caustic soda to about 2 or less, specifically, about 1 to about 2. In the
embodiment shown in FIG. 2, the first acid supply unit 102 and the second acid supply unit 107

20 are separately shown, but an acid may be supplied from a single acid supply unit through line
connection. Further, acids supplied from the first acid supply unit 102 and the second acid
supply unit 107 may be different from each other, and the physical properties (for example,
concentration) of supplied acids may also be different from each other.

An upper-layer fraction (red oil) and a lower-layer fraction are formed by the

25 neutralization reaction. The upper-layer fraction (red oil) and the lower-layer fraction are
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respectively separated by layer separation. Here, upper-layer fraction (red oil) is transferred to a
by-product (red oil) recovery unit 109 via an outlet provided in the second pH adjustment unit
108 through a line 118, and residual spent caustic soda (lower-layer fraction) is transferred to a
subsequent treatment unit 110 through a line 119.

According to a further embodiment of the present invention, the method of treating spent
caustic soda may be constituted by combining a plurality of modes in a single process according
to the physical properties of spent caustic soda which is to be treated. That is, the modes (i) pH
adjustment (pH: about 1 to about 5) — oxidation treatment and (ii) pH adjustment (pH: about 5
to about 9) — oxidation treatment or first pH adjustment (pH: about 5 to about 9) — oxidation
treatment — second pH adjustment (pH: about 2 or less) may be alternated or switched by valve
operation. As such, processes for integrally performing a plurality of modes will be illustrated

by the following Examples.

Mode for Invention
Hereinafter, the present invention will be described in more detail with reference to the
following Examples. However, these Examples are set forth to illustrate the present invention,

and the scope of the present invention is not limited thereto.

Example 1

(1) Physical properties of caustic soda

Spent caustic sodas used in this Example are two types of spent caustic sodas, and are
produced from a KMX (Kero Merox) process licensed by Merichem and UOP. The physical
properties thereof are given in Tables 3 and 4 below.

[Table 3]

‘Temp. ‘pH ‘NaOH |c0DMn COD(, BOD; Phenol Mercaptan Specific
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5324 (111g/1-.) [Table 8] Test 3 Number of times 1234567

(C) W%) | (mgL) | mgl) |mgl) | mgh | (mgh gravity
17 13 35 26,000 76,000 19,500 4,000 163 1.15
[Table 4]
Temp. | pH NaOH CODy, COD¢, BOD; Phenol Mercaptan Specific
(C) Wi%) | (mgl) | (mgl) |(mgl) | (mgl) | (mglL) gravity
17 13 6 73,000 100,500 26,300 7,350 231 1.21

(2) Materials used in this Example as follows.
1) Sulfuric acid (Aldrich Corp, concentration: 98 w%)
5 2) Sodium hydroxide (Aldrich Corp, solution containing 50 wt% of sodium hydroxide,
which was prepared by diluting sodium hydroxide with distilled water)
3) Hydrogen peroxide (Aldrich Corp, solution containing 33 wt% of hydrogen peroxide)
4) As an oxidation catalyst, a commercially-available spherical catalyst containing iron
oxide (IIT) (main component) and about 20 to about 30 wt% of potassium and about 20 to about
10 30 wt% of cerium oxide based on the weight of the iron oxide and having a particle diameter of

about 1 mm was prepared. The physical properties thereof are given in Table 5 below.

[Table 5]
Fe,0; (Wt%) Density (g/cm3) Specific ~ surface  area | Breaking strength (N/mm)
(mg)
>70 1.36 3 25

4. Test procedure

15 Testing apparatus

In this Example, a testing apparatus shown in FIG. 3 was used. In FIG. 3, a first
container 201, a second container 204, a third container 205 and a fourth container 207 were
made of Pyrex, and their respective volumes were about 2.5 L, about 2.5 L, about 2 L and about

50 mL. The fourth container 207 is filled with about 7.5g of a spherical iron oxide (IlI)-based
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catalyst.

(1) Test 1

About 700 mL of spent caustic soda given in Table 3 above was introduced into a first
container 201 and then stirred at a rotation speed of about 150 rpm. The initial pH of spent
caustic soda was measured using a pH meter, and the pH change thereof was observed while
injecting sulfuric acid using a dropping pipette. Sulfuric acid was injected until the pH reached
about 2, and then the stirring was stopped, and the spent caustic soda was left for about 0.5 hr
until it was separated into red oil (upper layer) and the pH-adjusted spent caustic soda (lower
layer). After the layer separation between the red oil and the pH-adjusted (neutralized) spent
caustic soda was confirmed, a valve 202 was opened, and a valve 203 was closed to transfer the
pH-adjusted spent caustic soda (lower layer) to a second container 204.

After the pH-adjusted spent caustic soda (lower layer) was completely transferred to the
second container 204, the valve 202 was closed, and the valve 203 was opened to transfer the red
oil (upper layer) to a third container 205. In this case, the amount of the transferred red oil was
about 2 vol% based on the total volume of the spent caustic soda.

Thereafter, the pH-adjusted spent caustic soda was stirred in the second container 204,
and a valve 208 and a valve 211 were opened and a valve 209 and a valve 210 were closed while
operating a pump 206, thus circulating the pH-adjusted spent caustic soda between the second
container 204 and the fourth container 207. Then, about 25 mL of hydrogen peroxide was
injected into the second container 204 using a dropping pipette to cause an oxidation reaction.
The oxidation reaction was performed at a temperature of about 55°C and normal pressure for
about 120 min. In this case, the ratio of oxidant: COD (based on weight) was about 2:1. After
the oxidation reaction was finished, sodium hydroxide was injected thereto using a dropping
pipette to adjust the pH of the spent caustic soda to about 7.

(2) Test2
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About 700 mL of spent caustic soda given in Table 4 above was introduced into a first
container 201 and then stirred at a rotation speed of about 150 rpm. The initial pH of the spent
caustic soda was measured using a pH meter, and the pH change thereof was observed while
injecting sulfuric acid using a dropping pipette. Sulfuric acid was injected until the pH reached
about 6.5, and then the stirring was stopped, and the spent caustic soda was left for about 0.5 hr
until it was separated into red oil (upper layer) and pH-adjusted spent caustic soda (lower layer).
After the layer separation between the red oil and the pH-adjusted (neutralized) spent caustic
soda was confirmed, a valve 202 was opened, and a valve 203 was closed to transfer the pH-
adjusted spent caustic soda (lower layer) to a second container 204. In this case, the content of
phenol in the pH-adjusted spent caustic soda was about 4,380 mg/L.

After the pH-adjusted spent caustic soda (lower layer) was completely transferred to the
second container 204, the valve 202 was closed, and the valve 203 was opened to transfer the red
oil (upper layer) to a third container 205. In this case, the amount of the transferred red oil was
about 0.03 vol% based on the total volume of the spent caustic soda.

Thereafter, the pH-adjusted spent caustic soda was stirred in the second container 204,
and a valve 208 and a valve 211 were opened and a valve 209 and a valve 210 were closed while
operating a pump 206, thus circulating the pH-adjusted spent caustic soda between the second
container 204 and the fourth container 207. Then, about 35 mL of hydrogen peroxide was
injected into the second container 204 using a dropping pipette to cause an oxidation reaction.
The oxidation reaction was performed at a temperature of about 55°C and normal pressure for
about 120 min. In this case, the ratio of oxidant: COD (based on weight) was about 2:1. After
the oxidation reaction was finished, sodium hydroxide was injected thereto using a dropping
pipette to adjust the pH of the spent caustic soda to about 7.

(3) Test 3

About 700 mL of spent caustic soda given in Table 4 above was introduced into a first

31



55. Formation of sludge In the Tests 1 to 3, sludge was scarcely formed to such a degree that it
cannot be measured. As described above, in the case where oxidation treatment is performed after
pH adjustment, it can be ascertained that the content of phenol can be remarkably lowered. 10 However,
in the case of Test 2, the content of phenol is high compared to that in Test 1, but, in this case, a
subsequent process can be sufficiently performed, and thus the present invention is advantageous
compared to conventional technologies. Meanwhile, it was ascertained in the Tests 1 to 3 that the
generation of reaction heat and vapor (gas) was relatively reduced, and thus it was ascertained that the
present invention is advantageous in terms of operation stability. 15 Particularly, in the Test 3, it is noticed
that the total procuatior?df red bitnstreed atkabiyitionspaxh phnbelitd IRapin theeTimstllpveinsthaugh a two-step

PH adjustment groceduc{e is perform d..Exan%PIe 2 Inflyence omohepgvl cggé:entéat'

Qn on oxidation
. austic SO as measurc SINg a metﬁr, d th chapeec TCO. crved wnile .
reaction temperaflure and ﬁydrogen o) pé’O)PI e |njec%n c?o%age ent caustic sodA wasll"{reated in the

same manner asjéaihesiihuef xpisipien Lr@pagpibead. isdiieatioent wasnedfemmegnvkilenelanging
oxidation reaction temperature and hydrogen peroxide injection dosage. A reaction temperature before

oxidation reactibr- /<Hea<e SEFNFOTAY ARSI 2ath e R adis s grebepdenbvalihbles The
concentration of shepeks TeASHSEl D aIer ARG AL HUMASoWheRaReantiaion of phenl i

higher than 5 about 2,000 mg/L, distilled water is added. When concentration of phenol is lower than
about 2,000 mghe plessoisonnthsivieemtid e ofiud i etteditsists(esuphlenad] spepidapgiiustidavgent caustic

soda'are r.egulactel% toe%bou%% 0 ma/L.. anéﬁ, content Vgagy%g(s)lcin tgb finall -tr%gteﬁi_ spent dc:aus'tic soda
are given in Tables 8'and 10 below (avellj'%ge vaFue of ten times). [Ta eie %ﬁ%f-’heﬁo concentration (mglL,
hydrogen peroxigiat(@gsiecusagtiuwtionyednjectienoddsagane200m L) Reaatio héenngaratipiefvhia(min) 0 30
the pH-adjusted spent caustic soda was measured using a water quality analysis kit of HUMAS
10  Corporation. As a result, the content thereof was about 5,410 mg/L.
After the pH-adjusted spent caustic soda (lower layer) was completely transferred to the
second container 204, the valve 202 was closed, and the valve 203 was opened to transfer the red
oil (upper layer) to a third container 205. In this case, the amount of the transferred red oil was
0.04 vol% based on the total volume of the spent caustic soda.
15 Thereafter, a valve 208 and a valve 210 were opened and a valve 209 and a valve 211
were closed while operating a pump 206, thus transferring the pH-adjusted spent caustic soda to
the first container 201. Then, the operation of the pump 206 was stopped.
Again, after the pH-adjusted spent caustic soda was stirred in the first container 201, a
valve 202 and a valve 208 were closed, and a valve 209 was opened, and then the pump 206 was
20  operated to circulate the pH-adjusted spent caustic soda between the first container 201 and the
fourth container 207. Then, about 35 mL of hydrogen peroxide was injected into the first
container 201 using a dropping pipette to cause an oxidation reaction. The oxidation reaction
was performed at a temperature of about 55°C and normal pressure for about 120 min. In this
case, the ratio of oxidant: COD (based on weight) was about 2:1.

25 After the oxidation reaction was finished, the valve 202, the valve 209 and the valve 203
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were closed, and then sulfuric acid was injected until the pH reaches about 2, and then the

stirring was stopped, and the spent caustic soda was left for about 0.5 hr until it was separated

into red oil (upper layer) and pH-adjusted spent caustic soda (lower layer). Thereafter, the valve

202 was opened, and the valve 203 was closed to transfer the pH-adjusted spent caustic soda
5 (lower layer) to the second container 204.

After the pH-adjusted spent caustic soda (lower layer) was completely transferred to the
second container 204, the valve 202 was closed, and the valve 203 was opened to additionally
transfer the red oil (upper layer) to a third container 205. In this case, the amount of the
transferred red oil was about 0.01 vol% based on the total volume of the spent caustic soda.

10 The pH-adjusted spent caustic soda was stirred in the second container 204, and sodium
hydroxide was injected using a dropping pipette to adjust the pH of the spent caustic soda to 7.
The contents of phenol in the spent caustic sodas treated according to Tests 1 to 3 and

the CODs thereof are given in Tables 6 to 8 below.

[Table 6]
15 Test 1
Number 1 2 3 4 5 6 7 8 9 10
of times
Phenol 3 12 8 4 6 15 13 11 9 7
(mg/L)
COD 2459 4731 3864 2564 3125 4853 4835 4158 3968 3953
(mg/L)
[Table 7]
Test 2
Number 1 2 3 4 5 6 7 8 9 10
of times
Phenol 568 450 652 430 456 325 431 257 324 421
(mg/L)
COD 6871 | 5763 | 7834 [5342 | 5479 | 5047 | 5479 | 4979 | 5831 | 5324
(mg/L)
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[Table 10] Phenol concentration (mg/L, hydrogen peroxide (aqueous solution) injection dosage : 10 15
mL) Reaction temperature/time(min) 0 30 60 90 120 45t 2C00 1700 1600 1600 1600 sot 2800 1300 1250
1200 1200 55t

[Table 8]

Test 3
Number 1 2 3 4 5 6 7 8 9 10
of times
Phenol 357 412 563 542 481 493 390 413 434 520
(mg/L)
COD 5032 | 5867 7965 7654 5436 5531 4765 5964 5934 7103
(mg/L)

5 5. Formation of sludge

In the Tests 1 to 3, sludge was scarcely formed to such a degree that it cannot be

measured.
As described above, in the case where oxidation treatment is performed after pH
adjustment, it can be ascertained that the content of phenol can be remarkably lowered.
10 However, in the case of Test 2, the content of phenol is high compared to that in Test 1, but, in
this case, a subsequent process can be sufficiently performed, and thus the present invention is
advantageous compared to conventional technologies. Meanwhile, it was ascertained in the
Tests 1 to 3 that the generation of reaction heat and vapor (gas) was relatively reduced, and thus
it was ascertained that the present invention is advantageous in terms of operation stability.
15 Particularly, in the Test 3, it is noticed that the total production of red oil is remarkably low

compared to that in the Test 1 even though a two-step PH adjustment procedure is performed.

Example 2
Influence of phenol concentration on oxidation reaction temperature and hydrogen
20  peroxide injection dosage

Spent caustic soda was treated in the same manner as in Test 1 of Example 1, except that
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2800 1200 1100 1050 950 As given in Tables 9 and 10 above, it can be seen that phenol
concentration was decreased depending on the increase of hydrogen peroxide injection dosage. Further,
it can be seen that the equivalent ratio of Fe3+/hydrogen peroxide was 1.1 when the injection dosage of
hydrogen peroxide was 20 mL, whereas the equivalent ratio of Fe3+7hydrogen peroxide was about 0.57
when the injection dosage of hydrogen peroxide was 10 mL. Meanwhile, it can be ascertained that
phenol was converted at a ratio of 100% when 2000 mg/L of spent caustic soda was reacted at about 55 r
for about 90 mm. Therefore, it can 5 be determined that it is suitable to react spent caustic soda at about
SOt or higher under the above condition. Example 3 Influence of hydrogen peroxide injection dosage on
COD 10Spent ¢hisstiotsedawiapireated inhilvesamngegnanheonscntidestspeande2aod Exdwmple 1, except
that the injection dosage. of. hydrogen ero}ddeé% ueous solution), which js an oxidant used in oxidation
roatment reacBT A R AR i B e A BER P u S G 1 15 B0 T abe 11
Injectiondoseof\ayarg e plEoxites 10 1%t 24 2&lependent variables. The concentration of phenol is

measured using water analysis kit of HUMAS. When concentration of phenol is higher than
5 about 2,000 mg/L, distilled water is added. When concentration of phenol is lower than about
2,000 mg/L, phenol solution is added. Thus, the contents of phenol in pH-adjusted spent caustic
soda are regulated to about 2,000 mg/L. The contents of phenol in the finally-treated spent

caustic soda are given in Tables 9 and 10 below (average value of ten times).

[Table 9]
10 Phenol concentration (mg/L, hydrogen peroxide (aqueous solution) injection dosage : 20
mL)
Reaction temperature/time(min) 0 30 60 90 120
45C 2000 1700 1600 1520 1460
50C 2000 1200 850 400 300
55C 2000 950 400 0 0
[Table 10]
Phenol concentration (mg/L, hydrogen peroxide (aqueous solution) injection dosage : 10
15 mL)
Reaction temperature/time(min) 0 30 60 90 120
45T 2000 1700 1600 1600 1600
50C 2000 1300 1250 1200 1200
55T 2000 1200 1100 1050 950

As given in Tables 9 and 10 above, it can be seen that phenol concentration was
decreased depending on the increase of hydrogen peroxide injection dosage. Further, it can be

seen that the equivalent ratio of Fe3+/hydr0gen peroxide was 1.1 when the injection dosage of

35



30 3540 45 COD (mg/L) 3317 3134 2653 2167 2256 2290 3420 4590 15 As given in Table 11
above, it can be ascertained that the optimal injection dosage of an oxidant (hydrogen peroxide was
about 25 mL based on about 700 mL of spent caustic soda. In this case, the ratio of oxidant: COD (based
on weight) was about 2: 1. Particularly, it is determined that COD is increased due to residual unreacted
hydrogen peroxide when hydrogen 20 peroxide is injected in an amount of more than about 25 mL [Table
12] Injectiondoseof hydrogen peroxide 10 15

hydrogen peroxide was 20 mL, whereas the equivalent ratio of Fe3+/hydr0gen peroxide was
about 0.57 when the injection dosage of hydrogen peroxide was 10 mL.

Meanwhile, it can be ascertained that phenol was converted at a ratio of 100% when

2000 mg/L of spent caustic soda was reacted at about 55°C for about 90 min. Therefore, it can

5 be determined that it is suitable to react spent caustic soda at about 50C or higher under the

above condition.

Example 3
Influence of hydrogen peroxide injection dosage on COD
10 Spent caustic soda was treated in the same manner as in Tests 1 and 2 of Example 1,
except that the injection dosage of hydrogen peroxide (aqueous solution), which is an oxidant

used in oxidation treatment reaction, was changed. The results thereof are given in Tables 11

and 12 below.
[Table 11]
Injection dose of hydrogen | 10 15 20 25 30 35 40 45
peroxide
COD (mg/L) 3317 3134 2653 | 2167 | 2256 | 2890 3420 4590

15
As given in Table 11 above, it can be ascertained that the optimal injection dosage of an
oxidant (hydrogen peroxide was about 25 mL based on about 700 mL of spent caustic soda. In
this case, the ratio of oxidant: COD (based on weight) was about 2: 1. Particularly, it is
determined that COD is increased due to residual unreacted hydrogen peroxide when hydrogen

20  peroxide is injected in an amount of more than about 25 mL.

[Table 12]
Injection dose of hydrogen | 10 15 20 25 30 35 40 45
peroxide
COD (mg/L) 9000 8400 7900 | 7200 | 6400 | 5900 6100 6400
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20 25 30 35 40 45 COD (mg/L) 9000 8400 7900 7200 6400 5900 6100 6400 As given in Table 12
above, it can be ascertained that the optimal injection dosage of an oxidant (hydrogen peroxide was
about 35 mL based on about 700 mL of spent caustic soda. In this case, the ratio of oxidant: COD (based
on weight) was about 2: 1. Particularly, it is 5 determined that COD is increased due to residual unreacted
hydrogen peroxide when hydrogen peroxide is injected in an amount of more than 35 mL As
described above, in the case of this Example, it is preferred that the ratio of oxidant (oxidant for oxidation
reaction): COD (COD of spent caustic soda right before oxidation treatment) be adjusted to about 2: 1. 10
Comparative Example 1 Spent caustic soda was treated in the same manner as in Example 2, except
that a catalyst was not used (injection dosage of hydrogen peroxide: about 25 mL). Here, oxidation
: . . : 0
reaction time was aboylt 2 I A% Sib55 ko PS, SRserianed fhat fnly abqut 8% ohpneng! was
oxidant (hydrogen peroxide was about 35 mL based on about 700 mL of spent caustic soda. In
this case, the ratio of oxidant: COD (based on weight) was about 2: 1. Particularly, it is
5 determined that COD is increased due to residual unreacted hydrogen peroxide when hydrogen
peroxide is injected in an amount of more than 35 mL.
As described above, in the case of this Example, it is preferred that the ratio of oxidant
(oxidant for oxidation reaction): COD (COD of spent caustic soda right before oxidation
treatment) be adjusted to about 2: 1.
10
Comparative Example 1
Spent caustic soda was treated in the same manner as in Example 2, except that a
catalyst was not used (injection dosage of hydrogen peroxide: about 25 mL). Here, oxidation
reaction time was about 2 hr. As a result, it was ascertained that only about 8% of phenol was
15 converted. Therefore, it can be ascertained that the conversion rate of phenol in Comparative

Example 1 is remarkably low compared to when the catalyst given in Table 9 above was used

(oxidation reaction time: about 90 min, conversion rate of phenol: about 100%).

Comparative Example 2
20 Spent caustic soda was treated in the same manner as in Test 1 of Example 1, except that
pH-adjusted spent caustic soda was transferred to a fourth container 207 and was then oxidation-
treated without separating and recovering red oil.
Specifically, about 700 mL of spent caustic soda was introduced into a first container
201 and then stirred at a rotation speed of about 150 rpm. The initial pH of spent caustic soda

25 was measured using a pH meter, and the pH change thereof was observed while injecting
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15 converted. Therefore, it can be ascertained that the conversion rate of phenol in Comparative Example
1 is remarkably low compared to when the catalyst given in Table 9 above was used (oxidation reaction
time about 90 min, conversion rate of phenol: about 100%). Comparative Example 2 20Spent caustic
soda was treated in the same manner as in Test 1 of Example 1, except that pH-adjusted spent caustic
soda was transferred to a fourth container 207 and was then oxidation-treated without separating and
recovering red oil. Specifically, about 700 mL of spent caustic soda was introduced into a first container
201 and then stirred at a rotation speed of about 150 rpm. The initial pH of spent caustic soda 25 was
measured using a pH meter, and the pH change thereof was observed while injecting sulfuric acid using
a dropping pipettéuBuifiticiagitdwapipjeptee SnlflutheqpHvee agbuts! An@tie: therdtiesstimidgheas stopped.
Thereatfter, a va&)ve ti202 was 0 engd,gé?d valv%lzozP as closed to transfer 5'38 é%H-aldlu(?tted spent
caustic soda to'& secord CoRtiRer 205 Wher e e|’o -a&’jauss?ge %pélPl Ealsticso azi‘SV\(/:aOsecoranletely

transferred to thaseearRPB-sgNRINGER 0distiRe Jaltadiusirticsngintcrystic soda was stirred, and sodium
hydroxide was injected thereto using a dropping pipette to adjust the pH of the spent caustic soda to

about3.  Then, a VIV@ Sesspifier Brvedvieent saires o et cappisE Valpaskgainathe \vaf98%210 were
closed while; opgsating: apump a6 GehiatingdheaHadivsied sReREaStiasma ketween the
second container 204 and the fourth container 207. Then, about 25 mL of hydrogen 10 peroxide was
injected into thensstadritbetsnsiitgey Ropingipipetie dredipintqpbeafdhesrsateastn sosidationtrdaction. The
oxidation reaction was.performe a temperature of abhout.57 t and. narmal pressure, for about 180 min In
this case, the ratio of 2%33%%%@( adggéﬁgvﬁa%\%ig IB (Wg%e%bagutaé] %Ve;}ggraﬁé)ea g)%(%a%é)%w%%ction was
finished, sodiunldyyd rabiieleparatninjgeiap 20€nato disigiagdhe ppiadpipétietocadjidsivthdgitaf the spent

caustic soda to about 7. 15The test results thereof are given in Table 13 below. [Table 13] Number of tints
12345 the second container 204 and the fourth container 207. Then, about 25 mL of hydrogen

10 peroxide was injected into the second container 204 using a dropping pipette to cause an
oxidation reaction. The oxidation reaction was performed at a temperature of about 57 C and
normal pressure for about 180 min. In this case, the ratio of oxidant: COD (based on weight)
was about 2:1. After the oxidation reaction was finished, sodium hydroxide was injected thereto

using a dropping pipette to adjust the pH of the spent caustic soda to about 7.

15 The test results thereof are given in Table 13 below.
[Table 13]
Number of times 1 2 3 4 5 6 7 8 9 10
Phenol (mg/L) 2339 2650 2890 3100 3150 3460 3640 3800 3850 4120

From the test results thereof, it was ascertained that red oil, which was no separated
during Test, filled up the pores of a catalyst charged in a reactor to increase pressure difference,
20  and thus fluid did not smoothly flow. Therefore, it was determined that the space velocity of

fluid in the reactor was decreased, thus reducing the total reaction efficiency.

Comparative Example 3

In Comparative Example 3, ferrous sulfate powder (FeSO4.7H,O, Samchun Pure
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6 7 8 9 10 Phenol (mg/L) 2339 2650 2890 3100 3150 3460 3640 3800 3850 4120 From the test
results thereof, it was ascertained that red oil, which was no separated during Test, filled up the pores of a
catalyst charged in a reactor to increase pressure difference, 20 and thus fluid did not smoothly flow.
Therefore, it was determined that the space velocity of fluid in the reactor was decreased, thus reducing
the total reaction efficiency. Comparative Example 3 In Comparative Example 3, ferrous sulfate powder
(Fe504.7H20, Samchun Pure

Chemical Co., Ltd., product name: Iron(I) Sulfate Heptahydrate, particle diameter: about 1 mm)
was used instead of a trivalent iron-containing catalyst. The used amount of ferrous sulfate
powder was about 10 g.
In Comparative Example 3, a testing apparatus shown in FIG. 4 was used. In FIG. 4, a
5  first container 301, a second container 304 and a third container 305 were made of Pyrex, and
their respective volumes were about 2.5 L, about 2.5 L and about 2 L.
2L of spent caustic soda was introduced into a first container 301 and then stirred at a
rotation speed of 150 rpm. The initial pH of spent caustic soda was measured using a pH meter,
and the pH change thereof was observed while injecting sulfuric acid using a dropping pipette.

10 Sulfuric acid was injected until the pH reaches about 2, and then the stirring was stopped, and the
spent caustic soda was left for about 0.5 hr until it is separated into red oil (upper layer) and pH-
adjusted spent caustic soda (lower layer). After the layer separation between the red oil and the
pH-adjusted spent caustic soda was confirmed, a valve 302 was opened, and a valve 303 was
closed to transfer the pH-adjusted spent caustic soda (lower layer) to a second container 304.

15 After the pH-adjusted spent caustic soda (lower layer) was completely transferred to the
second container 304, the valve 302 was closed, and the valve 303 was opened to transfer the red
oil (upper layer) to a third container 305. Then, the pH-adjusted spent caustic soda was stirred in
the second container 304, and sodium hydroxide was injected thereto using a dropping pipette to
adjust the pH of the spent caustic soda to about 3. Then, about 10 g of ferrous sulfate powder

20  was injected into the second container 304, and then about 25 mL of hydrogen peroxide was
injected into the second container 304 using a dropping pipette to cause an oxidation reaction.
The oxidation reaction was performed at a temperature of about 57°C and normal pressure for
about 210 min. In this case, the ratio of oxidant: COD (based on weight) was about 2:1.

After the oxidation reaction was finished, sodium hydroxide was injected thereto using a

25  dropping pipette to adjust the pH of the spent caustic soda to about 7, and then the pH-adjusted
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Chemical Co., Ltd., product name: Trona Sulfate Heptahydrate, particle diameter: about 1 mm) was used
instead of a trivalent iron-containing catalyst. The used amount of ferrous sulfate powder was about 10 g.
In Comparative Example 3, a testing apparatus shown in FIG. 4 was used. In FIG. 4, a 5 first container
301, a second container 304 and a third container 305 were made of Pyrex, and their respective volumes
were about 2.5 L, about 2.5 L and about 2 L. 2L of spent caustic soda was introduced into a first
container 301 and then stirred at a rotation speed of 150 rpm. The initial pH of spent caustic soda was
measured using a pH meter, and the pH change thereof was observed while injecting sulfuric acid using a
dropping pipette. 10 Sulfuric acid was injected until the pH reaches about 2, and then the stirring was
stopped, and thespanttausiit seda lvadoefibior gbdowd. St dhitingissepatatedéntompelitdy (upper layer)
and pH-adjusted spent caustic spda (lower. layer), After the layer separation between the red oil and the
-adieted sp e ERShe S ag COTRAT 4o S5 it G Bl Shc JEE S04 svas closed to
transfer the pHaeljipstad SpaieGarsidssodaiaved |ayentorisasnetke antaioRm304hd ehfter the
pH-adjusted spent caustic soda (lower layer) was completely transferred to the second container 304, the
valve 302 was SIg8eLaRYHHE VAl $03 was opened to transfer the red oil (upper layer) to a third
container 305. Then, thgypH-Adjusted spent caustic soda was stirred in the second container 304, and
sodium hydroxige-was-injecteg-theretg-u e-to-adjust the-pH-pfthe spent caustic soda
to about 3. Theg;ap ferrets st 1 _ g s':qgnd. goptainer 304, and
then about 25 'mi-efhydrogen peroxide-wasinjected-into-the-second-container 304-using-a-dropping
pipette to cause an oxidation reaction. The oxidation reaction was performed at a temperature of about 57
t and normal pressurq{g&g@g%@;@&%&&@&g&& he Latio wioxidamy GPD (based on weight) was
about 2:1. After the oxidation reaction 'was finished, sodium hydroxide was Injected thereto using a 25
dropping pipette to adfustditetpiabbthatspentscatstid sodia tixabpathaf, arfdrirehdihe pasdjdsted spent
caustic soda was le o(rl.about 6 hOll),IrS until fl atingqmaterials were Complet?l precigitated. After the
precipitation of ezfltli)ngal BRI RR WS AU Pk %l,lotlilleeﬁtélilﬁillttr%efcﬁ%l Bsrléléi%ﬂ}avt%ﬁxh%% i%dl WlP&rials was
measured, anduagshen soR¥eKied bR kN Satieiesulis shtaal ArR@ingrinidableutdsb[Table 14]
Number of tines123456789 10

when a bivalent catalyst is used, can be basically prevented.
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Example 4
Durability test of catalyst
15 Spent caustic soda was treated in the same manner as in Test 1 of Example 1, and the
durability test of a catalyst was carried out by repeating a batch reaction for about 120 min while

injecting new raw materials with respect to the same catalyst. The results thereof are given in

Table 15 below.

[Table 15]
20 (unit: mg/L)
Reaction time(hr)/number of times 10 20 30 40
0 2000 2000 2000 2000
0.5 980 985 988 996
1 490 500 505 508
1.5 0 0 0 2
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Volume (mL) 115121 120 119 119 120 123 122 121 120 In this test, the average volume of floating
materials was about 120 mL As described above, it was ascertained in this Example that, when red oil
is separated after pH adjustment, a subsequent oxidation treatment reaction using a trivalent
iron-containing 10 catalyst can be easily performed, and, particularly, the problem of forming sludge,
occurring when a bivalent catalyst is used, can be basically prevented. Example 4 Durability test of
catalyst 15Spent caustic soda was treated in the same manner as in Test 1 of Example 1, and the
durability test of a catalyst was carried out by repeating a batch reaction for about 120 min while injecting

new raw matepials-with-respec 3 I 0 ' L5 below.
[Table 15] (un t: mn/l \ Reaction tlmp(hr\/nllmhp nf flme

As given in Table 15 above, it was ascertained that the conversion rate of phenol was
about 100% up to 40 times. Like this, it can be determined that a trivalent iron-containing

catalyst exhibits excellent long-term durability during an oxidation treatment reaction.

Although the preferred embodiment of the present invention have been disclosed for
illustrative purposes, those skilled in the art will appreciate that various modifications, additions
and substitutions are possible, without departing from the scope and spirit of the invention as
disclosed in the accompanying claims.

10
[Reference Numerals]

1, 101: spent caustic soda supply unit

2: acid supply unit

3, 106: pH adjustment unit

15 4, 107: by-product recovery unit

5, 103: oxidant supply unit

6, 104: oxidation treatment unit

7, 108: subsequent treatment unit

102: first acid supply unit

20 105: second acid supply unit

201, 301: first container

202,203, 208, 209, 210, 211, 302, 303: valve

204, 304: second container

205, 305: third container
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10 20 30 40 0 2C00 2000 20(0 2000 0.5 980 985 988 996 1 490 500 505508 1.500

206: pump

207: fourth container
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02 20000 As given in Table 15 above, it was ascertained that the conversion rate of phenol was
about 100% up to 40 times Like this, it can be determined that a trivalent iron-containing catalyst exhibits
excellent long-term durability during an oxidation treatment reaction. 5 Although the preferred
embodiment of the present invention have been disclosed for illustrative purposes, those skilled in the art
will appreciate that various modifications, additions and substitutions are possible, without departing from
the scope and spirit of the invention as disclosed in the accompanying claims. 10 [Reference Numerals]
1, 101: spent caustic soda supply unit 2: acid supply unit 3, 106: pH adjustment unit 154, 107: by-product
recovery unit 5, 103: oxidant supply unit 6, 104: oxidation treatment unit 7, 108: subsequent treatment
unit 102: first acid supply unit 105: second acid s¥gpaMAit 201,301: first container 202, 203, 208, 209,
210, 211, 302, 303: valve 204, 304: second container 205, 305: third container 206. pump 207: fourth
container

1. A method of treating spent caustic soda, comprising the steps of:

a) providing spent caustic soda generated from at least one of an oil refining process and
5 apetrochemical process;
b) adding an acid to the spent caustic soda to neutralize the spent caustic soda to a pH of
1 to 9 to separate the spent caustic soda into an upper-layer fraction and a lower-layer fraction by
layer separation and then recovering the upper-layer fraction as a by-product; and
¢) oxidation-treating the lower-layer fraction in the presence of a trivalent iron-

10 containing catalyst by the addition of an oxidant.

2. A method of treating spent caustic soda, comprising the steps of:
a) providing spent caustic soda containing mercaptan in an amount less than the amount
selected from 150 to 200 mg/L, the mercaptan being introduced during a procedure of treating a
15 product obtained from at least one of an oil refining process and a petrochemical process with
caustic soda;
b) adding an acid to the spent caustic soda to neutralize the spent caustic soda to a pH of
1 to 5 to separate the spent caustic soda into an upper-layer fraction and a lower-layer fraction by
layer separation and then recovering the upper-layer fraction as a by-product; and
20 ¢) oxidation-treating the lower-layer fraction in the presence of a trivalent iron-

containing catalyst by the addition of an oxidant.
3. A method of treating spent caustic soda, comprising the steps of:

a) providing spent caustic soda containing mercaptan in an amount more than the

25 amount selected from 150 to 200 mg/L, the mercaptan being introduced during a procedure of
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CLAIMS 1. A method of treating spent caustic soda, comprising the steps of: a) providing spent

caustic soda generated from at least one of an oil refining process and 5 a petrochemical process; b)
adding an acid to the spent caustic soda to neutralize the spent caustic soda to a pH of 1 to 9 to separate
the spent caustic soda into an upper-layer fraction and a lower-layer fraction by layer separation and then

recovering the upper-layer fraction as a by-product; and c) oxidation-treating the lower-layer
fraction in the presence of a trivalent iron-10 containing catalyst by the addition of an oxidant. 2. A method
of treating spent caustic soda, comprising the steps of: a) providing spent caustic soda containing

mercaptan in an amount less than the amount selected from 150 to 200 mg/L, the mercaptan being

introduced duritrgatingragedivre ditingdtingraal oo cif ciotaih edifrgnpatisaston pasbaritaefining

process and a petrochemical process with caustic soda; b) adding an acid to the spent caustic soda
. rocess with cagstic soda; . .

to neutralize thé spent caustic sodd to a pH of 1 to 5 to separate the spent caustic soda into an

upper-layer fraction angadi@weal dayes fiagianchytiayedsepaiedinn @ochtheauacayeriag preoapper-layer

fraction as a by-product; and 20c) oxidation-treating the lower-layer fraction in the presence of a trivalent

iron- containing’Cathly St hBHERtEHHF 1B EAALLRe Ay tHSHCB AHEAIMNG IPEAITAHRSRY soda,

comprising the §lePsAfiation andqﬁemxwmgﬁnse&@%@pfﬁeﬁ&%y%ﬂ.@m&m%aaptan in an amount more
than the 25 amount selected from 150 to 200 mg/L, the mercaptan being introduced during a procedure of

treating a product obtainexddrem-arisgsthonewvirday il irefiiimgmitbecasssensd afpetrosharmicel-process with

caustic soda; m%ﬁddi{gg, an a{ﬁidé& the %pent.ﬁal{stic soda to neutralize the spent caustic soda to a pH
con cal S € addition of.'an oxidant. . .

of 5 to 9 to separate the spent caustic soda into an upper-layer fraction and a lower-layer fraction by 5

layer separation and then recovering the upper-layer fraction as a by-product; and C)

oxidation-treating the lower-layer fraction in the presence of a trivalent iron-containin%ﬁatalyst by the

addition of an oxidant™* The m&hegrel claif 5o TYFRE FAP iRt csmiptis g RS A 8 WS dding an acid
to the 10 oxidatiprriisRiedicPeRhcaMsticsseda adinstfhanRidinereef Q<2 o lesgpanshereparating the

pH-adjusted spent caustic soda of step d) into an upper-layer fraction and a lower-layer fraction by layer
separation and RRetlistEd vaenh gatecupiredt (SR FratetB rirpsdaygr Hiastecand a loweslaygidragiédhod of claim 4,

wherein the CO%g?%f‘é%?&ﬁ&?@%‘t%ﬂ’}e%‘%e@ ‘?ﬁé'éb’gr\-/?laﬁyé? Astion %eﬁl%lgl;&ﬂlé@ step b) is 5,000 mg/l_ or

more. 6. Th d of any one of claims 1 to 4, wherein the trivalent iron-containing catalyst
includes iron oxide (Fe203). 207. The method of claim 6, wherein the trivalent iron-containing catalyst
further includes . . . :

5. The method of claim 4, wherein the concentration of phenol in the lower-layer

15  fraction separated in step b) is 5,000 mg/L or more.

6. The method of any one of claims 1 to 4, wherein the trivalent iron-containing catalyst

includes iron oxide (Fe,Os).

20 7. The method of claim 6, wherein the trivalent iron-containing catalyst further includes
at least one co-catalyst selected from the group consisting of alkali metals, lanthanides and
metals having photocatalytic activity in an amount of 1 to 60 wt% based on a total amount of the

trivalent iron component.

25 8. The method of claim 7, wherein the trivalent iron-containing catalyst further includes
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at least one co-catalyst selected from the group consisting of alkali metals, lanthanides and metals having
photocatalytic activity in an amount of 1 to 60 wt% based on a total amount of the trivalent iron
component. 258. The method of claim 7, wherein the trivalent iron-containing catalyst further includes a
support, and the support is selected from the group consisting of silica, silica-alumina, zirconia, magnesia
and a combination thereof. 9. The method of claim 6, wherein the content of iron oxide (Fe203) in
the trivalent iron-5 containing catalyst is 20 to 90 wt%. 10. The method of claim 6, wherein the
trivalent iron-containing catalyst is present in the form of a fixed bed during the oxidation treatment. 1011.
The method of any one of claims 1 to 4, wherein the acid used in the neutralization reaction is sulfuric
acid. 12. TheswmppoHotdhanyppreiofeticiahsdntthodgraipaeinstne dxitensiisedumithezoxidation treatment
is hydrogen peroxide.. 15d 13. The meth d of any one of claims 1 to 4, further comprising the step of
additionally treéﬂah%lﬁiﬁ% red é)alslﬁgéur? caustic soda using dissolved air flotation. 14. The method of
any one of claims 1 to 4, wherein the oxidation treatment is 20 performed at a temperature of 30 to 90r
and a pressure of 1 to 10 atm. 15. The method of claim 2, wherein the oxidation treatment is
performed for 60 to 240 THimmePfe! PR RetheraibeIiATA B pnoKErdlis(e Bttt dtiment is
performed far 6Q,ipfto 42 RiR20 1o 9dhited he method of claim 1, wherein the amount of the upper-layer
fraction recovered in step b) is 0.02 to 5 parts by volume, based on 100 parts by volume of the spent
caustic soda 5 provided in step a). 18. The method of claim 2, wherein the amount of the upper-layer
fraction recovered in b) is 1t arts by volume, based on 100. parts olume of the spent caustic
soda provided in stepﬁgal‘gme%"fé’?‘?ﬁ? r%ﬁet %8110[(?% a?/megt, IWHSP%H%H %\ar%%'l%{ﬁ% of s[%ng 1ﬁ[lgbp?er-layer
fraction recoverfechinfsi@gedpéd QubzsthediBaparisimnstelume, based on 100 parts by volume of the spent
caustic soda provided in step a).

10 11. The method of any one of claims 1 to 4, wherein the acid used in the neutralization

reaction is sulfuric acid.

12. The method of any one of claims 1 to 4, wherein the oxidant used in the oxidation
treatment is hydrogen peroxide.
15
13. The method of any one of claims 1 to 4, further comprising the step of additionally

treating the treated spent caustic soda using dissolved air flotation.

14. The method of any one of claims 1 to 4, wherein the oxidation treatment is

20 performed at a temperature of 30 to 90°C and a pressure of 1 to 10 atm.

15. The method of claim 2, wherein the oxidation treatment is performed for 60 to 240

min.
25 16. The method of claim 3 or 4, wherein the oxidation treatment is performed for 60 to
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1520. The method of any one of claims 1 to 4, wherein the ratio of Fe3+/oxidant in the catalyst is 0.4 to 10
based on equivalence in the oxidation treatment. 21. The method of any one of claims 1 to 4, wherein
the ratio of oxidant/COD is 1.5 to 2.5 based on weight in the oxidation treatment. 20 22. The method
of claim 13, further comprising the step of coagulation treatment before the step of dissolved air floatation.
23. The method of any one of claims 1 to 4, wherein the upper-layer fraction includes 20 25 to 30 wt% of
a light component having a boiling point of 230C or lower and 70 to 80 wt% of a heavy component having
a boiling point of higher than 230r . 24. The method of claim 2, wherein the lower fraction of step b)
has a COD of 10,000 to 16,000 mg/L and a phenol concentration of 1,000 to 4,000 mg/L. 25. The
method of claird2) miherein the pH of the pH of the step b) is adjusted to 1 to 3. 26. The method of
claim 3, wherein the pH of the in the step b) is adjusted to 6 to 9.
17. The method of claim 1, wherein the amount of the upper-layer fraction recovered in
step b) is 0.02 to 5 parts by volume, based on 100 parts by volume of the spent caustic soda

5 provided in step a).

18. The method of claim 2, wherein the amount of the upper-layer fraction recovered in
step b) is 1 to 5 parts by volume, based on 100 parts by volume of the spent caustic soda
provided in step a).

10

19. The method of claim 3, wherein the amount of the upper-layer fraction recovered in

step b) is 0.02 to 0.05 parts by volume, based on 100 parts by volume of the spent caustic soda

provided in step a).

15 20. The method of any one of claims 1 to 4, wherein the ratio of Fe**/oxidant in the

catalyst is 0.4 to 10 based on equivalence in the oxidation treatment.

21. The method of any one of claims 1 to 4, wherein the ratio of oxidant/COD is 1.5 to
2.5 based on weight in the oxidation treatment.
20
22. The method of claim 13, further comprising the step of coagulation treatment before

the step of dissolved air floatation.

23. The method of any one of claims 1 to 4, wherein the upper-layer fraction includes 20

25 to 30 wt% of a light component having a boiling point of 230 C or lower and 70 to 80 wt% of a
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heavy component having a boiling point of higher than 230C.

24. The method of claim 2, wherein the lower fraction of step b) has a COD of 10,000 to
16,000 mg/L and a phenol concentration of 1,000 to 4,000 mg/L.

25. The method of claim 2, wherein the pH of the pH of the step b) is adjusted to 1 to 3.

26. The method of claim 3, wherein the pH of the in the step b) is adjusted to 6 to 9.
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