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Mechanism behind the influence of metal (hydr) oxides on humification of lignin

WANG Nan', WANG Shuai', XU Jun—ping', WANG Yu', DOU Sen”

(1.College of Agriculture, Jilin Agricultural Science and Technology University, Jilin 132101, China; 2.College of Resources and Environ-
mental Sciences, Jilin Agricultural University, Changchun 130118, China)

Abstract: Metal (hydr) oxides have a catalytic role in lignin humification, and the related abiotic mechanisms remain to be revealed. The
method of liquid shake flask culture was adopted; during the process, goethite, bayerite and 6—MnO, were added to the fluid medium con-
taining lignin, and then a microbial suspension was inoculated for the culture period of 110 d. Precipitates were collected dynamically, and
the organic components attached on the metal (hydr) oxides were removed using H,0, solution and their structural characteristics were ana-
lyzed by scanning electron microscopy (SEM), Fourier transform infrared spectroscopy (FTIR), and X-ray diffraction analysis (X-ray dif-
fraction, XRD). The results showed that the proportion of small particles was increased, and their edges were sharpened after the participa-
tion of goethite in lignin humification. Hydrated hydroxyl groups on the surface of goethite could form H-bonds with the inoculated strains
and their transformed lignin, enhancing the degree of association between surface hydrated hydroxyl groups (—OH3) and O—H of crystal
H-0. Protonation of Fe—~OH enhanced the vibration frequency of Fe-0O. Ligand exchange reactions and H-bonds were the main mecha-
nisms by which goethite catalyzed the humification of lignin; After participating in lignin humification, crystal particles of bayerite had a

clearer profile, and particles of smaller size had a tendency to aggregate. AI-OH on the surface of bayerite could combine with the inoculat-
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ed strains and their transformed lignin through H-bonds to enhance the vibration frequency of hydrated hydroxyl groups; simultaneously, a

part of OH groups of bayerite could also be replaced by the carboxyl groups from microbial strains and their transformed lignin, which could

weaken Al-0 bonds in AlO, tetrahedron and AlOs octahedron. The vibration frequency of AI-OH: was enhanced by the water bridges and

the formation of a chelate complex. Hydrophobic interaction was the main mechanism of §—MnO, involvement in lignin transformation. Af-

ter the transformation, the particle binding strength of §~MnO;tended to weaken, edges of micro—nanospheres were sharpened, and surface

crystal H>O tended to get removed. Protonation of Mn—OH increased the vibration frequency of O—Mn—0. All the above three metal (hydr)

oxides catalyze the humification of lignin by the action of surface hydroxyl groups and metal oxygen—containing groups, without themselves

undergoing any phase change.

Keywords: goethite; bayerite; 6—MnO,; lignin; humification
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pumilus) F1 A ZEHOFF B (B. licheniformis)].2 F it £k
PR [ K A B2 TR (S, griseus ) FIAHN B 55 55 1 (S. microfla-
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(o) ZFARAERE L (d) =G S SRR R AR 110 dJE
B s (e)8-MnO, JELRE s (H)8-Mn0, 2 AT R IFALLAE ]

110 dJE A dh
(a)Original goethite; (b) Goethite after its participation in lignin
humification for 110 d; (¢) Original bayerite; (d) Bayerite after its

participation in lignin humification for 110 d; (e) Original 5~MnO,;
(f) §-MnO: after its participation in lignin humification for 110 d

| $HRE ZEERARS-Mn0. S 5RREFEN
1€ AR EH SEM B &
Figure 1 SEM photographs of goethite , bayerite and 6—MnO,

before and after their participations in lignin humification
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Figure 2 FTIR spectra of goethite, bayerite and 6~MnO, involved

in lignin humification
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A HIL BT A B 7K VR R fif BN, T Md-10 Zb 3R 5
MnO, 244 H Mn—OH 5 i 9% 2 4 26 5 Ay 2, i s 1R
MnO, Z 18 O—H 514 WA A o 2 114 5 4 I 8 - 4
g5 AT AT S B, AR T MnO, 3% i
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Table 1 Main absorption peaks’ relative intensities from FTIR spectra of goethite , bayerite and ~MnO, during their participations in

lignin humification (semi—quantitaty )

T Goethite 3401~3423 em™ 3133~3143 em™ 1626~1644 cm™ 891~894 cm™ 795~798 cm™'! 636~641 cm™
G-10 21.1 18.1 12.0 6.5 6.8 11.6
G-30 22.6 19.8 12.6 7.1 6.8 12.3
G-60 20.8 19.0 13.0 8.9 72 12.1
G-110 21.9 21.6 13.5 7.1 7.0 11.7

G-110-CK2 23.1 20.0 7.6 8.7 6.8 13.3
G-110-CK3 23.8 20.5 9.9 8.4 6.6 11.8
=4 Bayerite 3435~3656 cm™ 1628~1639 cm™ 978~1028 cm™ 777~781 cm™ 534~538 cm™ —
B-10 40.3 9.8 13.7 10.2 9.2 —
B-30 41.5 12.0 13.4 8.3 72 —
B-60 434 11.6 13.0 8.8 8.8 —
B-110 41.6 12.8 13.1 7.6 6.5 —
B-110-CK2 39.0 12.8 13.6 7.8 6.9 —
B-110-CK3 413 11.8 13.2 9.3 7.9 —
6-MnO, 3402~3423 cm™ 1626~1633 cm™ 1043~1047 em™ 534~544 cm™ — —
Md-10 29.8 16.5 24.8 17.7 — —
Md-30 30.7 10.7 19.7 19.8 — —
Md-60 27.7 12.5 229 18.9 — —
Md-110 30.4 11.6 20.1 18.7 — —
Md-110-CK2 30.9 12.0 20.6 19.3 — —
Md-110-CK3 31.9 12.5 17.5 19.6 — —




2019 11 A

Rl A AR (D) S0 AR 5T 3R I TR AT B 2 e LR 2533

OH Z5#) , {ff Mn—OH " i O—H i &5 A& i Mn—O [fij fif
1043~1047 cm™ AW ST 5, B 98055 , [R] R 3858 1 534~
544 e b ISCIG () i B

23 Fe ALMn () EU WS ERREBELIEA
B XRD i &

& 3a 3 2 Fr s, 260 7E 21.2° . 33.3° . 36.7° .
53.2°F1 59.1°4b 34 Jp kA A REAE AT 506 (JCPDS 74—
2195)  WETEALAE Ui W BT FE L 45 f 8 HLAE S
SARBERE G, R, SE AL F RAPIRES . 1t
Ah 20 FE3X 5 AL FFAEAT 506 TR 74 & (EL (b TaT H) 1R 43 5]
AbF 4.14~4.19.2.68~2.69 ,2.44~2.45 [ 1.71~1.72 nm Fl
1.56 nm, ATHEWT , SHERB 762 5 KR 0T 2 8 78 A AR i
JE A5 AR 20 Fn SRR d (R AR T 88/ M ES IR R &
YIRS

W 3b, =240 41 XRD 1% E 5 Wei S i 18
AHARL, XTI A1COH )3 (JCPDS Card No. 12-0457) ,26 1
27.9° 38.2°F1 64.5° (A0 i H B T 43 B % 1 37 T 45 4
A [y-AIOOH] ) (120) . (140) LA K (231) & 1 #
A5t | [] L 7E 20 24 18.9°H1 20.4°07 & b I T 4
)% W FE B A7 [ae— ALCOH )51 (001) 1 (110) & 1 (1
(e SR AT T . 255 3R 2 AT A1 [UFERE 3R 110 d
W B 1) = #2588 A1 (B=110) 26 7E 19.0° ,20.6° , 28.0° |
38.4°F1 64.5° WA [n] &5 % 77 ] W A% T 0.1°~0.2°, FL
b Ak BT B i AT S 0 A7 AR A ) B 4 R A A
AR R =R A S SRR R R K
AR

H 8] 3c A3 2 AT 1, 6-MnO, 7 26 24 13.2° .36.6°
F165.2° = Lb A7 AE W 0 A7 5 0, H 34 g LAY §-MnO,
() 77 5 0, Xt 13 6~ MnO, (JCPDS 80-1098) it (001) .
(“11DF(=321) fH ™, MiES SARERENE,6-
MnO, 7 41 F fih 19 737 565 06 43 3 7E 12.0~12.6° | 36.6~
37.4°F1 65.8~66.5° ) B, 117 5 0 ] I B Ak, SR 6
MnO, [ i BILE A AN S8 S5 EAN T o 5 6-MnO, Jit
FE S AR EE L 225 55 A 5—Mn O, A 7 AR I8 b 437 5 0 7
BT Y 13.200% 2 12.00~12.6°, HAm AT 5 £ 20
FEH A IR d 4R & A W i 284k

3 #ie

(D2 5 AR R R B AR JE SRR
TCH AR, AR REE R v R B 9K FLBR S A R K Y
IR BRAT G, R T /K G 2 L 0] 5l W) S H A R
3R A1 J80 R 1y — (A B, (o R TRIK 3 92 5 (O H3) [
4hdhK O-H 4 G RE R R . BERT SR 4617, Fe-OH

(a)

2 ol sttt G—Sample
WMM WWMMMMMW G-110-CK3

WAL 'VA G-110
vt WWVWMWJ\\MMWWMM G-60

e

10 20 30 40 50 60 70 80

3 J¥ Intensity/Counis

(b)

2 B-Sample

=3

QO MW B-110-CK3

=

o

E L. | n] B-110

#

o8 B-60
JL\N.JL,&._M MMJW B-30

L 1 n n 1 L
20 30 40 50 60 70 80

Md-110-CK3

N Y O

z
&)
S Md-110-CK2
z Md-110
g
=
i Md-60
= Md-30
Md-10

1020 30 40 50 60 70 80
20/(°)
B3 $#HE  ZEEAMS-Mn0.S 5 RREFEN
1E R XRD (& E
Figure 3 XRD spectra of goethite, bayerite and 6—MnO; involved

in lignin humification
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Table 2 Interplanar spacing of XRD spectra diffraction peaks of goethite , bayerite and 6—MnO> involved in lignin transformation

AL 3 Treatments 20/(°) #7155 Interplanar spacing/nm
G-10 21.2 33.3 36.7 53.2 59.1 4.18 2.69 2.45 1.72 1.56
G-30 214 33.3 36.8 534 59.2 4.14 2.69 2.44 1.71 1.56
G-60 21.4 33.3 36.7 534 59.0 4.16 2.69 2.45 1.71 1.56
G-110 214 333 36.8 53.3 59.0 4.16 2.69 2.44 1.72 1.56
G-110-CK2 21.4 334 36.8 53.4 59.2 4.15 2.68 2.44 1.72 1.56
G-110-CK3 21.2 33.3 36.7 53.2 59.1 4.19 2.69 2.45 1.72 1.56
G—Sample 21.3 33.3 36.6 53.3 59.0 4.17 2.69 2.45 1.72 1.56
B-10 18.8 20.3 27.9 38.2 64.4 4.71 4.37 3.20 2.36 1.44
B-30 18.9 20.4 27.9 38.2 64.4 4.70 4.35 3.19 2.35 1.45
B-60 18.8 20.3 27.9 38.2 64.4 4.72 4.37 3.19 2.35 1.45
B-110 19.0 20.6 28.0 38.4 64.5 4.66 4.32 3.18 2.34 1.44
B-110-CK2 18.9 20.4 27.9 38.2 64.5 4.70 4.36 3.19 2.35 1.44
B-110-CK3 18.9 20.4 28.0 38.3 64.9 4.69 4.34 3.18 2.35 1.44
B-Sample 18.9 20.4 27.9 38.2 64.5 4.70 4.35 3.19 2.35 1.44
Md-10 12.5 36.7 66.0 — — 7.10 2.44 1.41 — —
Md-30 12.0 37.2 66.1 — — 7.27 2.41 1.41 — —
Md-60 12.8 37.2 66.5 — — 6.96 2.41 1.40 — —
Md-110 12.6 37.4 66.3 — — 7.02 2.40 1.41 — —
Md-110-CK2 12.2 37.0 65.8 — — 7.26 243 1.42 — —
Md-110-CK3 12.5 37.4 66.3 — — 7.02 2.40 1.41 — —
Md-Sample 13.2 36.6 65.2 — — 6.70 2.45 1.43 — —
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