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Abstract

In petroleum refining industry, caustic (NaOH) solution is used to remove H.S from hydrocarbon streams in naphtha cracking
process. Once H,S is absorbed in caustic solution, the solution becomes known as spent sulfidic caustic (SSC), which contains
high concentrations of hydrogen sulfide and alkalinity. This study was focused on the evaluation of autotrophic denitrification
by SSC in a hybrid Bardenpho process. SSC was injected to the anoxic (1) and anoxic (2) tank at different S/N ratio. In a
previous lab-scale study, as we operated a modified Ludzack-Ettinger process, it was observed that the COD increment of
effluent and nitrification failure happened because of non-biodegradable mattersin SSC and high pH, respectively. Thus cilia
media was packed at 2.4%(v/v) in al aerobic tanks and the pH of SSC was neutralized from 13.3 to 11.5 with addition of
sulphuric acid (H-SO.). Consequently, these strategies were successful because no COD increment of effluent was observed
and nitrification failure did not happen. The maximum TN removal efficiency was 77.5% when SSC was injected to both the
anoxic (1) and anoxic (2) tanks. The mean TN concentration of effluent in this condition was 5.8 mg/L.
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Table 1. Characteristics of the SSC

Items Value
pH 13.1~135 (13.3)*
Alkalinity (mg CaCO4/L) 50,000~64,000 (57,300)
S* (mglL) 15,200~17,600 (16,400)
TOC (mglL) 1,104~1,638 (1,314)

Benzene (mg/L)
Toluene (mg/L)
Ethylbenzene (mg/L)
Xylene (mg/L)
phenol (mg/L)

7.8-63.1 (28.6)
0.2~7.8 (2.9)
N.D.
N.D.
1.8-33.8 (17.8)

" To whom correspondence should be addressed.
tagjoo@pusan.ac.kr

() is mean value
® N.D.: not detected
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B ¥ C XA = 4 (D)IA AAIS o234 SNHIQI 25
E "igoez FEAi(DFd 4 SSCE 10, 20 mL

D % C A= Ert
e BUEL DAY A8 wR2Q%4 sscg 47
0.7, 1.4 mL SSC/L influent FY35tAch Table 3& 3=
A& BoFEh

N

23 AMEMF 2 S

FUFY FEFY NHS-N, SCODcY sE& A5EA
71(AA3, Bran-Lubbe, Germany)E o|&3dta] EA &t
NO;-N, NOs-N, SO % ion chromatography(Dionex ICS-
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Fig. 1. Schematics of the hybrid Bardenpho process used in this study.
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Table 2. The characteristics of raw wastewater
ltems oH Ss TCOD¢ SCOD¢ NH,"-N N P Alkalinity
(mglL) (mg/L) (mglL) (mglL) (mg/L) (mglL) (mg CaCOg4/L)
Conc. 6.6~7.4 42.0~160.0 80.0~254.0 34.4~74.0 14.6~28.9 14.7~30.3 2.0~4.7 106.0~230.0
(7.1 (74.4) (145.6) (51.8) (23.0) (23.3) (333 (186.1)
¥ ) is mean value
Table 3. Operating conditions
Condition A B C D E
SSC t;:{(ected anoxic(l) anoxic(2) anoxic(l) anoxic(2) anoxic(l) anoxic(2) anoxic(l) anoxic(2) anoxic(l) anoxic(2)
SSC dosage
- SSC/ia%nf.) - . 10 - 20 . 2.0 07 2.0 14
Injected sulfur conc. i ) 15.2~17.6 i 30.4~35.2 304~352 10.0~11.6 30.4~352 20.0~23.2
(mg SIL inf.) (16.4) (32.8) (32.8) (10.8) (32.8) (21.6)
Influent NH,™-N conc. 14.6~23.9 17.0~23.7 20.6~26.9 21.8~28.9 22.1~315
(mg/L) (20.0)* (20.6) (23.8) (25.9) (26.8)
Influent NO3-N conc. 4.9~10.6 2.4~4.2 0.5~2.2 0.4~1.9 0.2~15
(mglL) (5.7) (3.4) (x7) (12 (0.6)
SIN ratio - 11~13 - 24~26 2.3~25 1.2~6.2 23~25 13~101
24.5~29.6 23.6~25.0 20.6~24.1 15.4~21.0 12.2~14.8
Temp. (°C)
(26.9) (24.4) (22.4) (18.3) (13.6)
HRT (hr) 6 6~5 6 6 6
%) is the mean value
b: AT A, SSCY FYTo] 1 mL/IL Z7F5H w NH,-N 557} 97 =Rt 56 mgL7t 42 17.4 mg/lL

=49 COD =7} 1.4 mglL Z7}stAcHPak et al.,
2008). UJrF/Vﬂ SSCE 1,400 mg/Le F&E3Y F718s &
FRAEAT & dFdAE FESE /7159
51’\9}/\1 7171 918 2ol mrlEel 2.4%(viv)<
A GAE 2438 hybrid Bardenpho 4 E o] &3ttt

Fig. 2(b), Q& Z 249 €4 x4 we 959
259 TCOCc, SCOD:Y BHE=HsSHE HoFE A, B,
C, D, E 274X #&59Y H+# TCODY ®%& A%
204, 223, 232, 240, 231 mg/lLela, F&F9 HA

SCOD¢ 9 sE+ Zt7ZF 19.9, 204, 19.7, 19.0, 19.1 mg/L=Z
QFSA Uehdeh ols 274 B8E 2 HRTS 5Y3

o2 fFAHE FF
& ol &7 o
and Roske, 2000). 3t
2Q&NA g2 & AT %
=3

durrom Auste AP pH WAL 7-8 Alolz 4

JtHAntoniou et al., 1990; Painter and Loveless, 1983).
TS Nitrosomonas 49 27 pHe 7.9~820¢]i, Nitro-
sospira 49 A3 pH7l 7.2-7.622 HEI5 Y tHAlleman,
1984). watx SSCZ I F¥ Wl pH 45g A
95k SSCell HSO.E ol &3ate] pHE oF 133914 1152
Z3sle FYsAth Fig 2d)e 2 239 234 2Ad
2 {459 259 NHNY 52¥Es Yehfa
2 AdA #E5 FF NHS-NY 5E& 27,
42 mg/LE YeR I Utk

Ji_7l°ﬂ 2 ago] Astd

o]

A O AES o]g€3 hybrid HET F
Fo|tH(Park et al., 1996, 1998; Wobus
dESE fU1EY d4F

ARZAA 2 o] &4

0o
T:‘l")\\l'

Aoz AR

[e] (o] 2=
AL FY5

2 AR o] ALY, T U2 CODIN HZ 3}
= o] bresk-through event7t #5143 7] W o]th(Park, 2001;
Wobus and Réske, 2000). wetA HRTE 6417l A 5AIZE
o2 zHsta WRiEES 2Q94 4Q= =FT 2,
bresk-through eventS T o2 Astst T8o] 95% o|4
o2 JEHY

32. TN MH=E

Fig. 2(e& SSC FYZl w2 /4 &9 TN
Yehd Zolth R gLds
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+7HA Q1 gdo] wAstHen. E A 237
o Hdl 86.0%9 2Zo] LA o=
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(DF ssCrt FAH AT wEkA] T E%
(% B9 SSCE FYstAs oW =2 TN AA
7F A

2 A2AAE At gdo] g5 F3o] Hrh
3o A 7.1 mg CaCOsmg NH,-N¢ &¢Za =7}
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Fig. 2. Results of the reactor operation in each condition. (a) Temperature (b) TCODc (¢) SCODc (d) NH4'-N
(& TN; Temperature (A), Influent (@), Effluent(O)
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Table 4. Ratios of akalinity consumption and recovery in each unit process (Unit : mg CaCOs/mg NOs-N)
Condition Afanoxic(l) A aerobic(1) A aerobic(2) Aanoxic(2) A aerobic(3)
A 3.07 -7.67 -7.50 3.20 -7.00
B -29.33 -49.00 -76.00 82.00 -78.00
C -8.92 -23.57 -16.43 -0.83 -8.29
D -8.75 -48.33 -55.00 -0.67 -16.25
E -30.16 -145.52 -64.98 95.31 -66.62

A the difference of previous unit process and the unit process (i.e. A anoxic(l)=influent-anoxic(1) tank)
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