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Abstract

N-hexane is widely used as an important industrial raw material, but it will cause serious harm to
human health and atmospheric environment. Microbial technology has attracted more and more
attention because of its mild reaction conditions, friendly environment, low operation cost and
simple operation. However, the super hydrophobicity of n-hexane makes it difficult for biological
method to remove n-hexane efficiently. A bimetallic modified bamboo charcoal (Fe-Pd/BC) was
studied and applied to the biodegradation of n-hexane. The experimental results show that under

the conditions of Fe-Pd/BC concentration of 0.05 g-L-1, NH, concentration of 3 g-L-1, pH 7.7 and

temperature of 35°C, the removal rate of n-hexane of 300 mg:-L-1 could reach 94.63% in 35 h. In
addition, in the presence of Fe-Pd/BC, compared with the control group, the cell hydrophobicity
increased from 22.61% to 45.78%, and the content of extracellular protein increased from 38.14
pg-L-1 increased to 46.27 pg-L-1. The cell surface potential decreased from -14.7 mV to -18.4 mV.
Further experiments show that Fe-Pd/BC could improve the biodegradation efficiency of n-hexane
by participating in bacterial growth, increasing the absolute value of zeta potential, exposing a
large number of protein hydrophobic groups and increasing CSH. The conclusion of this study con-
firmed that adding Fe-Pd/BC to improve the microbial degradation effect is a promising n-hexane
waste gas treatment technology.
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1. 531§

&R EH UL A Y(Volatile organic compounds, VOCS) 7= A= FIHE RO A= SR A N Mg B AT 72
AR, 1IECkE VOCs [—Fl, VENEZER TR 2R, HoKEERIE, 2R, K%
HMETEPEFE R AN E S T/K[1]. ACFRIE Ot R 5 A e . R MHE . By B9, A9
2]

5. WEEARMLG, MAEMFEAR S SOV AR BB 1847 2 AR AN AR &
AR AU H, 2B E A A EE 2 O3] AR, IE R BLK M B SO G AR i B R
FIRRE], R SEEY TR MR PE R 2ZE A B RN . IR M B /K IE OV e T 3R A 0 A2 ff kA= T
AR 2 (1 D B [4]

4 fu R B K P (Cell surface hydrophobicity, CSH) 2 A= 1 — A B ZLRIREE, AMERE T 411 Fi Pt
FIAEA P 2R A S R, T AR S R T AR M K AL A I PR AR [5] . R IE EETEK
WA A ARAR, {E4R B T R CSH 5 1E Ol il 57K - Bk A BAE B AT R 6] Bi/K - Bi/KAH EAE
RN R AR S B R R, DU 5K T 18 /M, XA TR Ntk an e 5
VOCs AP AL i F S K[ 7], Rk, CSH nl{Edt4tiffl 5 VOCs RIAH EAEM, FFit—B 7 M4 pfe
21K PERAR AT P o A e P sk T

A MELR, AR PR AR I O () R s e s 77 7k (Bamboo charcoal, BC)RJ LAME 5 1E U
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RURE S, T Pd-Fe k511 BC Al 40 R SME G & i B T s /KR, R3E T REYxT IE Cbe i
21 77[8]. Pseudomonas mendocina NX-1 J&7E 2§ (B 75 1 AR KI5 e H 40 B SR 1), B nT LRI IE C
BV E A R A KA R — Bl . A SCIVITE 7T Fe-Pd/BC X I R NX-1 B IE Qe RE RO BA, 3 Bt
FELT WA : 1) Fe-Pd/BC X Ak NX-1 FEf# IE CeERERISEN: 2) Fe-Pd/BC X Tk NX-1 2B /K 1% 1)
M, 3) LARTBKIE NE S, Fe-PdIBC X A=W e 1E S s (o HL B

2. M5 5%
2.1. W

Luria-Bertani VAR 72 LB RSy BERHEEIU S gL &4bdh 10 9L ZEAME 10g-L™ (pH 7.0).
B /NS FRFE (MM R : NapgHPO,12H,0 4.5 g-L ™ KH,PO, 1.0 g-L %5 (NH,),S0,4 2.5 g-L™*; MgSO,-7H,0
0.20 g-L™; CaCl,0.023 g-L ™' MG &R 1 mL. M G 3 3 B4 : FeSO,7H,0 1.0 g-L ™ CuSO,5H,0 0.05
gL Y HsBO;0.014 gL *; MnSO44H,0 0.10 g-L™*; Na,M0oO42H,0 0.02 g-L™*; CoCl,-6H,0 0.02 g'L . R,A
BRI B S IERHEE) 050 gL BRI 0.5 gLt ARHAERHN 0.5 gL' H&ME 05 gL AT
VATEIER 05 gL KH,PO,0.30 gL' MgSOs7H,00.05 gL e T G F B4 1, ZLRE 434t

2.2. BC 5@#KkiE

ARSI HR A Y BC B I E WL L S AT R A FRA & o i ST i Fe-Pd 13T BC KT LS
R BC HIRhE: 2 g AT IR BRI 2k i (7.5 g FeSO,7H,0, 200 mL 2 & 1K %0K) T B T-1E /19
o b, WAL 20 min, DEZ I 2.5 g NaBH, F1 0.15 g KoPdClg. MEAETHubHE 24 h 5, BT
IKPeG 3 K JE FHET15 21 Fe-Pd/BC Ff i o

BT 3 A ) AT A8 Bt 24 T P 7K A 3t Pt e 3 8 P 8 2 8 HE R, (REE H [ e 2B 5% R LR
FrM(CCTCC, X, *E; CCTCC %5 M2015114)+ . Pseudomonas mendocina NX-1 i R,A 15 555E0E
G EEFT MM 35373£(30°C, 160 rrmin™Y), J&2 ¥ (0ODegoo) N 0.6. #F 5 mL 4 fBE 7 A1 5 mg BC-Fe/Pd
7£ 100 mL MM 1 5 1E CbtiR & 5 #2150 mL #E I -

23. RIESSHAZE

JE 4 H B AU8E (SEM, Hitachi, S-570)%} Fe-Pd/BC T #& NX-1 #HT 1 R 1L,

IS A B GC (Agilent 6890, USA) 73 #T 1E CUGE I FE « HP-INNOWAX E4HE (K 30 m, W&
0.32 mm, JEJE 0.5 pm) FH T2 B 3R S) M3 N 2.1 mLmin S BAE SRR - KIS ALK 23 (FID):
EE: 300°C; Jrifitb: 3:1; MEARIRE: 80°C; AIEE: 300°C; HEFfE: 1mL.

Hu #1549 (Extracellular polymeric substance, EPS) ¥l & 4 #F fh7E 4°C, 6000 rpm 2614 &0 5 43
Bl I EIEW, 25 PBS (pH 7)¥Ek 3 ¥k, 1F 12,000 rpm R ESCy 10 min. SRS RE AR LA B
EPS 4B . F 50 mL PBS F & &0 o IFEM, 60C NIFE 3 h. fJakiRA Wi ik s .okl 2 EPS
R

PR NX-1 (1) CSH ik o i Ak &4 Rk B (MATH) SR & [9]

Zeta HLALRH Zeta HLA7 73 BT (X (Zetasizer Nano ZS90, UK)ill £ [10].

3. ZR511L
3.1. Fe-Pd/BC H1 NX-1 BOFL R F=4E
1(a) 7~ T Fe-Pd/BC R, HRMEAHMAE, XA IR H IS 2 B Fe-Pd 4K

DOI: 10.12677/0jns.2022.102022 177 H ARl =


https://doi.org/10.12677/ojns.2022.102022

WL 4

$(50~100 nm)7E BC R HKIAL S B sk s i it . SPEA e FdAth R &R & 5 2 Pd-Fe 7£ BC R K4,
FE B IR B HOIR R 25 [11] . [ 1(b) B R Fik NX-1 # Fe-Pd/BC fiTfu i, #H] Fe-Pd/BC Wizh s 5
Bk NX-1 %0, KSR HEEEDENT.

Figure 1. SEM of Fe-Pd/BC (a) and Fe-Pd/BC with strain NX-1 (b)
1. Fe-Pd/BC (a)#1 Fe-Pd/BC SE#k NX-1 (b) BB B &

3.2. Fe/Pd-BC ¥ NX-1 P&fRIE O keI sny
3.2.1. Fe/Pd-BC SREEXT NX-1 FERIE S FE 20
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Figure 2. Effect of Fe/Pd-BC dosage on the degradation effi-
ciency of n-hexane
2. Fe/Pd-BC 2N 2 X 1IE 2 AP AR A2

P 1E eIk FE 9 300 mg/L, DL 5% H s A K BOW I B A 28 i MM, 7E 30°C L 160
rpm/min s F N 5% 35 h, FE%E Fe/Pd-BC BUINEXS B Ak NX-1 1E C Lt EMRRSCRIm . sl 2 s, &
MM 2 51I 0.02. 0.05. 0.07. 0.10. 0.12 g f] Fe/Pd-BC, NX-1 %} IF CLRe i B # 3R 4351y 85.25%
94.63%. 92.78%. 87.14%. 82.33%. ¥sMI 0.02 g ] Fe/Pd-BC FIBFfiEAR 22 7E 10 h kb 251k 2 i KRR,
{EFEE [ N IREAT, EIN 0.05 g (1) Fe/Pd-BC P&l R i 24 R I KRR, BEUTE MK IZ Y Fe/Pd-BC
REINE PR NX-1 % IE R IBR MR SCR, NS Fe/Pd-BC WA, M LIS B AR NX-1 194kt e 1)
ERFER, (AR Fe/Pd-BC FEidm, MSHHIEK NX-1 X IE ke befs, HEW R E = E A
BC K 141 Fe/Pd &8 B8 TR Mo NG, SEmmanfulea i, FEPEMR T,
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3.2.2. IECIEMIEREXT NX-1 BERRIE 2 5Rr S

500 { <
R R —=— 100 mg/L

\4\ —e— 200 mg/L

400 & AN . 300 mg/L

w

=3

<
1

. ‘\‘ ) —v— 350 mg/L
Ve Se —&— 400 mg/L
\\o —<— 500 mg/L

ECHKRE (mg/L)

100

Time (h)

Figure 3. Effect of initial n-hexane concentration on degrada-
tion efficiency

3. RMIHIEKRE I IE C b R R 720

i Fe/Pd-BC #iH & 0.05 g 4%F0 & 5%, pH =8.0, SRJ5 e NAK & H i 100, 200, 300,
350. 400, 500 mg/L iECi¥t, 7E 30°C 160 rpm/min Z& £ F157% 35 h, 1E Rt AR SR 7371128 96%. 95.5%-
96.6%. 92%-. 88%# 80%. LU 3 FIAN, TEAFIVIGHIEYIIREESZAE T, Witk NX-1 RILH AR A4
VIR IR, SRR AR BOR AR F 40 B 1) A K RIAR G B i e e TRIIN v DUR BB #E NX-1 F
AR IE Qe 32 1, 24 1E Qe ik B IR % 400 mo/L i, ISR BEAR IR R M BR AR, (H M 1E Cbeik ¥
1% %] 500 mg/L I 2] Bk NX-1 772 A4 1 H

3.3. Fe/Pd-BC 143RIE Skt YR ERIHZE
3.3.1. Fe/Pd-BC Sit#k NX-1 B CSH By

Table 1. Effects of Fe-Pd/BC on CSH of strain NX-1
%< 1. Fe-Pd/BC XfE#k NX-1 CSH B9%2M

21 i 3 i B 7K 1 (CSH)
Bk NX-1 22.61%
Bi#k NX-1 + Fe/Pd-BC 45.78%

A LA R AR I ot 9 2 B2 SR R OE CUbe A il sk e . AR AR, Bk VOCs R4 fi#
22525 CSH B2, VOCs MIFFf#2E S CSH R IEAHICICHR, 2R i B 7K 14 Bk 51 40 1 1) VOCs [ fif e
s, B OB K PE VOCSs 5525 5 4 i 7K 14 10 4 B il B AR B v 2 0 40 B e e o SB35 1 T 60,
258 18 h 5 9R )5, ¥ Fe/Pd-BC Bk NX-1, H CSH #2511 23.17%. A5 &I E CSH 14 B 5
25 5 A TE B /K I IR ) 3R T AN B /K VSR O R 2 10, AT (2 E 7K 1% VOCs FIPEfR[12]. BRI AT
M Fe/Pd-BC Jl i $2 /= 4R 1 CSH Sk 40 B0 IE CRe IR RE T, JE T B2 m B Ak

3.3.2. CSH X Ei#k NX-1 93 EPS RIS
EPS M EEA MWL ZE A F(PN). 25 (PS)FIEE Y, 4= aiien EPS F 22 PN
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PS. it 2 A1, HA K CSH MRk NX-1, HERRWE) PN LIk, i PS £ I3
%o KEWMWIEIEH PN XF CSH R FE/EH, LBk PS thnl s /KL, MM §Zm EPS FIBE K 1 o
HEM AR CSH MR EERURT PN &, PN SRR EIMNE 2 EA R KK CSH, #Em et
BB AL B R SR B i, DRI CSH BB AT LLUAER T PN & & R34 in[13] [14].

IECRERIRBRERE AT REER T 2R R 2, EPS A LU 8 1 2R T R fur s 7K 14 ke o3 441 B 1Y) 3% T 1
i, XX IE CbE R MR 2 < EE[15]. JIRTE Fe/Pd-BC R RMLHE T EPS HIERL. % 2 BR, 1F
Fe/Pd-BC 174E I, PS MM E M 39.16 pg'mL " [#{KF] 32.44 pg-mL™", 1 PN M 38.14 pg-mL " #8115 46.27
ngmL™. R, Fe/Pd-BC 5 1 R 42 Ml T B 2 ECAR 40 1 AMISE 1 A KRRt

Table 2. EPS of strain NX-1 under different culture conditions
2. PRIEFEMR NX-1 HBINEEH

B A F (ng/mL) Z ¥ (ug/mL)
BBk NX-1 38.14 39.16
itk NX-1 + Fe/Pd-BC 46.27 32.44
3.3.3. CSH %f NX-1 &Y Zeta BB ST A9 RN
144 —— BPRNX-1
TS —e— BiIBENX-1+Fe-Pd/BC
-16 4 '\
I\

221 \

Zeta LI (mV)

.\.
—e

1
N
> ]

4 5 6 7 8 9 10
pH

Figure 4. Effect of Fe/Pd-BC on Zeta potential of strain NX-1
[ 4. Fe/Pd-BC X E#k NX-1 Zeta BB LAY

WE 4 FioR, E8A pH JEE A, FTa R Zeta FALETE FUAE, XH & HBALIIZREE pH 7 E 200
FRIFI R TS, (K CSH BAMAEBARN Zeta HIfL. Zeta HIALIIARAY S B T 40 bt /K P 5 2R T HL T 2
)R SR 2D 2R, A0 M 2 T 1 5 (A AR 0 RT3 B A B AL B D AE AE IR IR B3 [ 16]

JERTHIRE AR, CSH 5 Zeta HUALMIZENHME IEAHDR[17]. BRIk, #sin Fe/Pd W LAMEHE BC R 1H L1
NX-1 £ K FFei NX-1 ) CSH. 32438 RBLIE QU 1 2 B 5 A i sk M 2 IEAHDE, 3X n] RESR B AHT ¢
HIE ClE R BRICR IR E S Fe/Pd X CSH BUMIINAG SG[18]. AP AR A [F) 26 N I3RS s ) &S o
IKEHK R AL . Fe/Pd-BC B Z A 174 EPS M4 RGN PN & &A1 Zeta HIAZ, AIMFE R ™A
BN T o AR AT M B HE R R R EaE, PN 20 T IO Zeta WAL L0 E K. X FPEIL
FoATHUKFEF M ER TR, I FHONX-1 193K sk P n[19].
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3.3.4. CSH M E & E AR %

I 5 AT, R NX-1 Rl R 27.4° (ZORECEIS), E8In Fe/Pd-BC & B AR NX-1 (135l f 3
INE] 40.1° (ZRECESS), BEARANE A K PE, (HARX RS, BiKYEA TN, 38 Fe/Pd-BC w] LA
INgH i L m gk . E IR I, SRR DOT-TLE £ il o b A8 40 A 22 1 v g AR 7K 1k Kol A 25
M IER e, RS EE T IEME R e, 4R i Gkt 2 2URIBE 0, Befuh A r I ) 30° 3 nE) 85°, 1E]
1 e R T 1R 7K 5 Ak A 0 189 I DR [17]

(a) l| (®) E

HMENX-1 + Fe-Pd/BC

e R

Figure 5. Effect of Fe/Pd-BC on the contact angle of strain NX-1
5. Fe/Pd-BC ST &#k NX-1 R RS20

4, &5ig

AR5 AFSE T Fe/Pd-BC % Pseudomonas mendocina NX-1 B&f# IE Ckw I 5em . 45 %0,
Pk NX-1 7£ Fe/Pd-BC # ¥4 0.05 g-L ™. NHj WK EE A 3 g-L ™ pH = 7.7, I6& N 35°C 464 R Xt 300 mg-L™
MIIE S 5e s 94.63% I P AR EE /1. LAk, TE Fe-Pd/BC FIEMITE LT, SXtRRALAHLL, dHpeiK i N 22.61%
PEEE 45.78%, MIAMNEAFRSEM 38.14 ugmL ™ HEEE 46.27 pgmL™, 40 zeta HHALMN-14.7 mV
PR E-18.4mV. #FE— BRI EY, Fe-Pd/BC mLLEN 2 541 ALK . 125 zeta BAAI4NHE . FFEK
R A GUKEEE] L I CSH Ok R I CUbe R AR IRAICR . AWM S5 RIESC@ AR N Fe-Pd/BC Ok
PR A AR BOR 2 — PR A BT SR IE e SR B R

EE&UIH
AT T A S5 A5 A B QBT 3 BT

S 3k
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