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Abstract

Background and Objective: Release of wastewater from spent caustic of refinery without the
application of treatment methods will have adverse environmental effects due to its high toxic
compounds and high chemical oxygen demand (COD). In this study, two processes of wet air
oxidation (WAO) and neutralization with sulfuric acid (DAN) were investigated and optimized for
treatment of wastewater from spent caustic of the Bandar Abbas oil refinery in southern Iran.

Material and Methodology: These processes were performed in the laboratory by a glass reactor and
a 500 ml semi-continuous reactor for 18 months, from September 2019, respectively. Treatment
process experiments involving two methods were performed on a number of important factors. Design
Expert software was used to optimize the test results and Box- Benken (BBD) method was used to
design the experiments.

Findings: The results showed that the WAQO process showed 43% reduction in COD. Temperature
and pressure parameters had the greatest impact on the reduction of spent caustic COD. The DAN
process reduced the COD by 68%. pH and temperature parameters had the most impact.

Discussion and Conclusion: WAO has been a more environmentally friendly method, and the DAN
process is recommended because of its popularity, ease of testing, lower equipment requirements, and
lower cost.

Key words: Caustic, COD, Response Procedure Diagram, Box-Benken, Wet Air Oxidation.
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Table 1. Specifications of initial caustic wastewater analysis of Bandar Abbas oil refinery and refined caustic by
two study processes
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Table 2. Specifications of factors and range of the main and coded values of independent variables at different

levels
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Table 3. Results of analysis of variance of effective factors on COD reduction and statistical information of
fitted equations

sl ,8 & Sum of df Mean F-value | p-value | Significance
Squares Square
DAN Model | 4.209E+08 | 9 | 4.676E+07 | 300.49 | <0.0001 | significant
A 2.312E+07 | 1 | 2.312E+07 | 148.56 | <0.0001
B 3.823E+08 | 1 | 3.823E+08 | 2456.30 | <0.0001
C 2.450E+05 | 1 | 2.450E+05 1.57 0.02562
AB 1.103E+06 | 1 | 1.103E+06 7.08 0.0374
AC 3.025E+05 | 1 | 3.025E+05 1.94 0.2127
BC 2500.00 1 2500.00 0.0161 0.9033
A? 1.056E+05 | 1 | 1.056E+05 | 0.6787 0.4415
B2 1.314E+07 | 1 | 1.314E+07 | 84.44 <0.0001
C2 6.006E+05 | 1 | 6.006E+05 3.86 <0.0971
Residual | 9.338E+05 | 6 | 1.556E+05
Adjusted R 0.9945, Predicted Rz 0.9680, R2: 0.9978, Std. Dev.: 394.49, Mean:
27768.75, C.V.%: 1.42
Final R=+27056.25 +1700.00 XA +6912.50 xB —175.00 xC +525.00 xAxB +1812.50
Equation of xB2-387.50 xC?2
COD
WAO Model | 7.268E+07 | 14 | 5.192E+06 | 154.93 | <0.0001 | significant
A 1.441E+07 | 1 | 1.441E+07 | 430.03 | <0.0001
B 1.064E+07 | 1 | 1.064E+07 | 317.55 | <0.0001
C 1.763E+06 | 1 | 1.763E+06 | 52.62 < 0.0001
D 5.535E+06 | 1 | 5.535E+06 | 165.18 | <0.0001
AB 2.025E+05 | 1 | 2.025E+05 6.04 0.0288
AC 3.025E+05 | 1 | 3.025E+05 9.03 0.0101
AD 2.256E+05 | 1 | 2.256E+05 6.73 0.0222
BC 5625.00 1 5625.00 0.1679 0.6887
BD 5.256E+05 | 1 | 5.256E+05 | 15.69 0.0016
CD 9.151E+06 | 1 | 9.151E+06 | 273.07 | <0.0001
A? 5.876E+06 | 1 | 5.876E+06 | 175.34 | <0.0001
B2 1.204E+07 | 1 | 1.204E+07 | 359.35 | <0.0001
C2 4.002E+06 | 1 | 4.002E+06 | 119.42 | <0.0001
D2 1.094E+06 | 1 | 1.094E+06 | 32.66 < 0.0001
Residual | 4.356E+05 | 13 | 33509.62
Adjusted Rz 0.9876, Predicted R2: 0.9684, Rz 0.9940, Std. Dev.: 183.06, Mean:
37250.00, C.V.%: 0.4914
Final R = +36900 —1095.83 XA —941.67 xB —383.33 XC —679.17 xD —225 xAxB —
Equation of | 275xAxC —237.5 xAxD +362.5 xBxD -1512.5 xCxD —989.58 xA2+1416.67 xB?
COD +816.67 xC?-427.08 xD?
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Figure 1. Real data of the experiment with predicted data of the model in two processes a: DAN (Rz 0.9978), b:
WAO (Rz 0.9940), Normal distribution c¢: DAN, d: WAQO, residual scatter diagram e: DAN, f: WAQO
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Figure 2.Three-dimensional diagrams of the simultaneous impact of factors and response procedure (COD) of
caustic wastewater in two processes (a, b: DAN, c, d, e, f, g: WAOQ)

a0 Yo gl sles a8 wisls olis o ialesl s ool
ol 51 COD Jlaie ials piSlos PH=2 4 ol 5 il
039 YL Cds (glyls ouds wisle Juw ol oays 1FA Joleo
ol Cess 4y Fge gloyite lp Gllos lulpd i
Moslemi Farzi sla bl a5 cul Jb> 5o 0yl
L et oo adsl sles a5 ols sles (V+10) Byrami
o Ken g Rl adllas ,o g sl COD Gis lenil, o
6 Ly 36 s Las 5 (3em 93 St pus 3358 (V41Y)

ol 03 PH lade 59, 652U
M led g Lo a5 wisls las WAQO sl s
Sls (COD) (SanVT yliae 2olS jo 1y 156 o e
9 192 (5 oS gl e iSen sl el )l )l )90
Sz salls COD zals leail, bld 5l aile ol
2,10 wgSae sakal, COD lado b jLid g Lo aiolas L
2 Seke 5 Cels S 5l ide whe gloy 5 W sloo
Yol Vb sl by Gl L owsyls COD (e rals

=l 5l Oley COD zals )0 6,806 500 oyl el

Silwaiate -0
COD jlaie 0,5 areaS jslate & atge blpd (s sl
ey sl Design Expert sle s 5l Jolb> gbs
°C iy 4 DAN wiT3 po (0290 o pos 5 PH oo
St 3 ol Las 1) YeY/SYY TPM g Y/ oA Yo/ AY
Caws 4 Y-EYY/A ppm Ll COD Jlase 31 a8 oS o
s aibe V Gilwage ol slp Canglhe e ]
ke g wile gloy olad oo laysie ln siloane
AFAYEA °C s 4 WAO 39, 50 19a (5 yiegeS g
5 ool cews & AEVE I/hr 4 viosy hr oao/vyse bar

Coss YYVVE/A PPM COD e 51 oS oo o

23,50V it ol Sl Sl (e ]

OiSad g dw loges glgl anlllae ¢ o ialej] s
Blod 51 L ey e el 157 4 ols s 615 aw (sl 3515
o 9 PH DAN s18 ;0 COD e rals lonsl,

s galal, COD Jlaio 5 PH L Los alayl, gy Lo



VAR

oA 3599 SeswlS Sl dnhai sl yd (oawy

and Technology (JMEST), 4(6): 7459-
7464,

Nasr Esfahani, K., Farhadian, M. and
Nazar, A.S., 2019. Interaction effects
of various reaction parameters on the
treatment of sulfidic spent caustic

through electro-photo-
Fenton. International Journal of
Environmental Science and

Technology, 16(11): 7165-7174.
Ahmadpour, A., Haghighiasl, A. and
Fallah, N., 2018. Investigation of
spent caustic wastewater treatment
through response surface methodology
and artificial neural network in a
photocatalytic reactor. Iranian Journal
of Chemical Engineering
(JChE), 15(1): 46-72. (In Persian).
Haghighi Asl, A., Ahmadpour, A.,
Fallah, N., 2018. Modeling of
Petrochemical industries wastewater
COD Removal with DOE & ANN.
Journal of modeling in engineering, 16
(54): 295-307. (In Persian)

Karimi, A., Savari, C., Bazyar, C,,
Rafiei, M., 2020. Study of Spent
Caustic Wastewater Treatment
Methods in Petrochemical Plants and
Simulation of Optimum Process.
Journal of Civil and Environmental
Engineering, 50(3): 59-67. (In Persian)
Chen, C., and Cheng, T., 2013. Wet
air oxidation and catalytic wet air
oxidation for refinery spent caustics
degradation. Journal of the Chemical
Society of Pakistan, 35(2): 244-250.
Farzi, A. and Moslemi Byrami, S.,
2015. Treatment of ethylene spent
caustic pollutant using sulfuric acid.
International Journal of Scientific &
Engineering Research, 6(10): 382-386.
Barge, A.S. and Vaidya, P.D., 2018.
Wet air oxidation of cresylic spent

YL B gl sus aisle Jow a5 wols Hlas ioren
PPM o COD jluie aige Sllee Llys j3 5 o3p
3 eS a4 5 g Olge ST cdale g atils ol VYWV F
Jole 1y Les (Y- Y) o Ken g ZNU ol oo, Y PPM
adlls @l woges olulis COD 7AfF Gi> guds
5wl sbul a5 ols lis (WWAY) LSKes 5 bgdi e
dw b3S 5l L WY BVl pH g Y- °C gles

g oo oy COD Gaoy AY jials 4 e el
Ol «omz o (V-1Y) Cheng 5 Chen adlae mbs
Vol ol 5 ol az 0 V0 gl o ) (CODy oS
om g adds p g Voo b (yen & 590 Sae s g JBWLIG
el cwl ools plas wsye Yool gley el Y

as ols ylid was o WAO ail,d 5l eolaiwl b (g ludig
Feoomals a@ids Yo wle o g L # LLas VY0 °C Gleo
() colasls o o, COD RN

RS s Gy 5 o iledse @S g ool o
Shoad il oo 5 gl pos x5l ol GialesT (b
Olie Gao,0 FA alS DAN uss1,8 e 3lo Qi
ol WAO sul 3 soo o FY iels Jlas 4o 1, COD
COD Gix gleaily jo 65YL oS cplpls ol ool
iz slyz addllas soi ez L WAO 018 el asls
S jlases Jlaings 5 dude odgy S jlaore slaosly
sl bl g YL Sldes sladsie Ll ol co leis
alfo)ls oY 6L adsl IS alep ase e
Olpl slals abas o bg, opl Soldl > Ll 5l DAN
el Slal g Glipes docsle p) 4 S 5L cde o

5,8 WAO 0158 4y Corns (6 e (g sl

References
1. Hasanzadegan Roudsari, M., Soltani,
M., Seyedin, S.H., Chen, P., 2017.
Investigation on New Method of Spent
Caustic ~ Treatment.  Journal  of
Multidisciplinary Engineering Science




oo g ools

YFee olo (60 MY o locdd (o ) buxo (55919555 g pale 4.

15.

16.

17.

18.

19.

20.

oxidation. Arabian Journal of
Chemistry, 10: S769-S776.

Karimi, A., Fatehifar, E., Alizadeh, R.
and Ahadzadeh, 1., 2016. Regeneration
and treatment of sulfidic spent caustic
using analytic hierarchy process.
Environmental Health Engineering
and Management Journal, 3(4): 203-
208.

Kumari, M. and Saroha, A.K., 2018.
Performance of various catalysts on
treatment of refractory pollutants in
industrial wastewater by catalytic wet
air oxidation: A review. Journal of
environmental management, 228: 169-
188.

Hawari, A., Ramadan, H., Abu-Reesh,
I. and Ouederni, M., 2015. A
comparative study of the treatment of
ethylene plant spent caustic by
neutralization and classical and
advanced oxidation. Journal of
environmental management, 151: 105-
112.

Ellis, C.E., Lawson, R.J., and
Brandenburg, B.L., 1998. Wet Air
Oxidation of Ethylene Plant Spent

Caustic.  Environmental  Progress,
17(1): 28-30.
Mohammadizadeh, Z., Farshi, A,

Royaee, S.J., and Jodaree, N., 2018.
An Extensive Review On Spent
Caustic Treatment Methods In Oil
And Gas Industry. Iranian Chemical
Engineering Journal, 17(96): 39-55.
(In Persian)

Salimi, S., and Ovaysi, S., 2020.
Spent caustic treatment of
Kermanshah Oil Refining Company
Using wet air oxidation method. 6th
National Congress on  Strategic
Research in Chemical and Chemical
Engineering with Emphasis on Iranian

10.

11.

12.

13.

14.

caustic-A model compound study
over graphene oxide (GO) and
ruthenium/GO catalysts. Journal of
environmental management, 212: 479-
489.

Alipour, Z. and Azari, A., 2020. COD
removal from industrial spent caustic
wastewater: A review. Journal of
Environmental Chemical
Engineering, 8(3), p.103678.
Pino-Cortés, E., Montalvo, S,
Huilifir, C., Cubillos, F. and Gacitla,
J.,  2020.  Characteristics  and
Treatment of Wastewater from the
Mercaptan Oxidation Process: A
Comprehensive Review. Processes,
8(4), p.425.

Samadiafshar, A., 2012. Study on
basic methods of spent caustic
treatment. In The first international
conference oil, gas, petrochemical and
power plant, University of Tehran,
Tehran. 6pp. (In Persian)

Mortazavian, A., Mortaheb, H.R., and
Mafi, M., 2018. Spent caustic
wastewater treatment of
petrochemical units by wet air
oxidation process. Journal of Applied
Research in Chemistry. 2: 59-67. (In
Persian)

Arabian, D., A. Bolhasani and S.
Karamian. 2018. Optimization of
Spent caustic effluent treatment of
Jam  Petrochemical by wet air
oxidation method. 5th International
Conference On Recent Innovations in
Chemistry and Chemical Engineering.
2 Feb. Tehran, Iran. 1-15. (In Persian)
Luan, M., Jing, G., Piao, Y., Liu, D.

and Jin, L., 2012. Treatment of
refractory organic  pollutants in
industrial wastewater by wet air



4y

oA 3599 SeswlS Sl dnhai sl yd (oawy

25.

26.

enhancement and biogas generation
potential from complex
effluent. Bioresource technology, 120:
157-164.

Rai, S., Wasewar, K.L., Lataye, D.H.,
Mishra, R.S., Puttewar, S.P., Chaddha,
M.J., Mahindiran, P., and
Mukhopadhyay, J, 2012.
Neutralization of red mud with
pickling waste liquor using Taguchi’s
design of experimental methodology.
Waste Management & Research,
30(9): 922-930.

Zhu, W., Bin, Y., Li, Z., Jiang, Z. and
Yin, T., 2002. Application of catalytic
wet air oxidation for the treatment of

H-acid manufacturing process
wastewater. Water ~ Research, 36(8):
1947-1954.

21.

22.

23.

24,

Native Technologies. 20 Jun, Tehran,
Iran. 1-12. (In Persian)

Ketu, J., 2013. Treatment and disposal
of spent caustic at TEMA oil refinery
(TOR) (Doctoral dissertation).

Seyedin, S.H. and
Hassanzadeganroudsari, M., 2018.
The Efficient Process for Spent-
caustic Wastewater
Treatment. International Journal of
Advanced Research in Science,

Engineering and Technology, 5(2):
5284-5288.

Arena, F., Italiano, C., Raneri, A. and
Saja, C., 2010. Mechanistic and
kinetic insights into the wet air
oxidation of phenol with oxygen
(CWAO) by homogeneous and
heterogeneous transition-metal
catalysts. Applied Catalysis B:
Environmental, 99(1-2): 321-328.
Padoley, K.V., Tembhekar, P.D.,
Saratchandra, T., Pandit, A.B.,
Pandey, R.A. and Mudliar, S.N., 2012,
Wet air oxidation as a pretreatment
option for selective biodegradability




