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Adsorption-degradation of oil in catering wastewater by the microorganism
immobilized on sponge pyrolytic carbon
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Abstract: [Objective] The objective of this study is to explore the effective treatment of catering wastewater,
which has become increasingly harmful to the environment with the rapid development of catering industry.
[Method] Sponge pyrolytic carbon (SPC,) with good adsorption performance was prepared from waste sponge
by pyrolysis and carbonization. The physical and chemical properties such as the morphology and structure of
the materials were characterized by cold field emission scanning electron microscopy, Fourier transform
infrared spectroscopy and X-ray photoelectron spectroscopy. Through the adsorption of soybean oil in
wastewater by SPC,, the effects of pyrolysis temperature, wastewater pH and temperature on the adsorption
performance were studied. The adsorption kinetics and adsorption isotherm of SPCg, adsorbent were analyzed,
and the Langmuir and Freundlich models were used to analyze the data. Based on this, the oil adsorption-

degradation law of SPCg, immobilized microorganisms in simulated wastewater and actual wastewater was
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explored. [Result] Sponge pyrolytic carbon (SPCy,) had abundant “network” structure and fracture branches,
and contained a large number of hydroxyl, carbonyl, ether bonds, and other oxygen-containing functional
groups on its surface, which improved its ability to adsorb oil and immobilize microoganism. The optimized
SPC¢yo had an adsorption capacity of 8 093.1 mg-g ' at pH 7 and adsorption temperature of 30 °C. The
adsorption process of oil conformed to the pseudo-second-order kinetic equation, and was an exothermic
process dominated by chemical adsorption. The screened oil-degrading strains and SPCg,, were made into
immobilized microbial adsorbents, and the degradation rate of actual oil wastewater reached 67.6%, which was
11.0% and 14.4% higher than that of free strain and free strain+SPCy, respectively. [Conclusion] The sponge
pyrolytic carbon immobilized microbial technology can stabilize the degrading strain and improve the oil
degradation rate, so as to achieve the effect of “treating waste with waste” and avoid secondary pollution,
which has a good application prospect. [Ch, 8 fig. 3 tab. 42 ref.]
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Figure 1 SEM images of sponge pyrolytic carbon (SPC,) under different conditions



55 40 55 2 ] hURSEAT AR IR I 11 7 A B U RS- A TR K R I IR RO A5 297

212 4§ & eF 4 sk ok # (FTIR) i 8 2 0] B T e (L R
SPCepo £ 3 510, 3440, 1615, 1235 F 510 cm ™' % ssisas 2160/ |/
e BRI ELAT SR A W L L 3510 A1 3 440 Bl W B
em' " BRI R TR (—OH) ARIRah™, s PCio B

1615 cm™ WHE WU L TH3E (C—O) 4 T~ INY]
yféij] ’ 1235 Cm_l wj&ﬂgwq&m%uaﬁﬂ: c—0 E/\J ,ﬁa 4000 3 2I00 24;00E 1200 8:)0
AR A . A A I 6 20 A A I

WHyem™!
SPCyoo HABZ M FAFTRER, JLHEI (—OH) 3510 cm',—OH; 3 440 cm™!, —OH; 2 160 em ',
\ 2 C=C;1725cm,C=0; 1615 cm™, 75 &FI (C=0);
T DL o HA R KA, A BT A e B e G0, 895 o SR 0 )
PR, ST A P B R HREIAURAL; 510 e, C—CI
213 XH&AETFE (XPS) NTH—LHR H2 KRB RMREEES AR (SPC,) #4F

A B 10 26 T 5T SRR 35 i, XY SPCgg 64T T "Hash s

X Eﬁéﬂ%j‘ﬁ EE ?ﬁ'é i{}ﬁ;}i‘ﬁ (@ 3)0 éﬁ%%\:{ Eﬁ : SPC6OO Figure 2 Fourier infrared spectra of sponge pyrolytic carbon (SPC,) at
F® i C. 0. N, CLA Zn %50 £ 4 (B 3A).

3B 45 T SPCygo 1Y Cls i, LA 15E] C 193 MEFIFIE, 7ES5GHEN 284.6. 286.0 12883 eV Y
Cls g3 5H)R T C—C. C—O Fl C=0 HHEH™, SFTIR FIELER (K 2) —8. SPCoo RMHHZFTA
HHEH, H C—O HREMIEHms T C=0 HheM & &, NREW A R 2R i IR MME A7,

500 000 A 12000 rp
Cls - ~ OIs  Zn2p3 10 000

400 000 - ' i fﬁ&

different pyrolysis temperatures

L . 4
s 300000 80 000 C—C (284.6) - \}

Nal :

= Li 2 60000 | !

200000 F CI2p | Nls \M = C—0(286.0) ~_ 4 i
s L] 40000 - c=0 (2883 2

100 000 |- L R

L)LLL 20 000 [
1 1 1 1 1 J

0 1 1 1 J
0 200 400 600 800 1000 1200 294 291 288 285 282

4itraeeV gifhtleV

H 3 SPCy #9 XPS 442447 (A) A= Cls % (B)
Figure 3 XPS full scan spectrum (A) and Cls spectrum (B) of SPCy,

2.2 i1 RS IR Bt 22 M [E] 35 K3

2.2.1 SPC, M3 E st K L MR M e %om WA 4A PR . BEE R 4 N PREE TR, SPC, XK
TR B3R T, M 400 °C 1Y 24.21% FHZE 600 °C 1 68.00%, {HAKLETHEZE 700 °C B, WEERIF4A
KR FFEE 24.38% ., REAFRBLAFARSHA —ER “WL” 450, HXHMIgh A —a W HHE T (35.33%).
HRAE IR RAFLE R, SPCyoo FEAERMWTZLST 3, BN T M Pt R A, R (700 C) T,
URIST R LS AL s RS R I R HES 2 T R BRCRCY, 54, SPCag IR T E BEFT
B S AERIRZ (C—0), AR T BT Y MR, IR =k 8 021.29 mg-g ™'

222 BEIUE K pH 3T K 2R M a9 #ea WK 4B FoR, FEERIUE K pH A ER EI8AE L, SPCeoo X
KL IH B W RS T TS AR . 24 pH A 7 B, SPCego MR ST R W2 B SR f5 8 (77.83%), I s WA 4 3k
| 8093.07 mg-g ' pH A AT BB AN [ PR B2 T~ R 2 T VA 40 AR e 3 T 66 AT 1y DRSS OGP 0
WONTRYERT ,  #RAF 5¢ 3 TT AY FHR A T L S HOFT i 85, ARFIF SPCogo XTIHAR A MR s 43R
BF, WP HP BRI D, SPCygo 22 AT 14T 14 W2 7 At 25 RO HE SR, A5 1 F SPCogo KT T R 1 T
B s MUEBONBRIERT, SPCego FEMIM S AT N, #HE I RICHHEFIER, EORRREAL,

223 ABE KB ESTKZ BB GH R K 4CHTH . Bl AR K IR EE M 20 C TFE 30 C,
SPCooo X K TLIHI IR B ez B, LR T R 2RI AR T, R ER R, M BRE/N, AF
T I e R B, IR EE T2 30 °C B, SPCego Xt R 52 M 114 W BT 5E ) e (82.819%) . (H iR FE T+ =
35 C HF, WForTris sl B, (K S IMAE SPCeoo 22 M 1Y W B AR AR R FoE , TR B SOTT IR B



298

wOTL A MROR R e 4R

20234E 4 H 20 H

%o ZEAERW]: A5 30 °C I ERISCR e, MR AR iR S 8 051.58 mg- g !5 [AIIN) 30 °C -t /2 Fap Ak b Mot .
ARHIREE R I E AU PR SR B T R A R A

80 s 90 g 9 e
80 |
. 60 N s 80+
= & 70 + S
Bl i %
= =Of - ="
20 t 50 I I I I
0 0 J—.—.—. 0
KIf@ 400 500 600 700 6 7 8 9 20 25 30 35
AR EE/ °C pH I B 2/ °C
FHY 150 rmin”', WRPHISAI Y 4 h
B4 RE#MEE (A). pH (B) FRHIRE (C) 3K 2 bR M 69 % oh

Figure 4 Effects of pyrolysis temperatures (A), simulated wastewater pH (B) and simulated wastewater temperature (C) on the adsorption of soybean oil
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Figure 5 Quasi-first-order and quasi-second-order kinetic curves of

SPCqg adsorption of soybean oil
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Table 1 Adsorption kinetics equations and correlation coefficients for

SPCqo

W—Rsh 17 W B 1T
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Table 2 Comparison of oil adsorption capacity of different adsorption materials
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Figure 6 Langmuir (A) and Freundlich (B) isotherm curves of SPCg, adsorption of soybean oil
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Table 3 Adsorption isotherm equations and correlation coefficients for SPCy at different temperatures
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Figure 7 Effects of pH (A) and temperature (B) of different simulated wastewater on degradation of soybean oil by SPCg, immobilized microorganisms
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