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1. FERMREAEHT SL-1B9E Kk
Figure 1. Growth curves of SL-1 under aerobic and
anaerobic conditions.
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2. ET 16SrRNA #ZHBE# SL-1 BIERKLEW
Figure2. Neighbor-Jointing phylogenetic tree of SL-1 based on 16S rRNA.

3. 1HEEA)FES BIE(B) TEM SL-1 RS
Figure3. SEM (A) and TEM (B) images of SL-1.
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F1 LWHTREXMBAMLEATYHEREAESAENTH(, RiEH)
Tablel. Changesin mineral phases and their percentages before and after experiments (n.d.: not detected)

Sample Cells Smectite/% 1lite/% Kaolinite/% Mixed-layer illite-smectite/%
Pristine bentonite 70.4 19.8 9.7 n.d
After treatments without cells 70.4 19.8 9.7 n.d
with cells 47.7 29.1 17 6.2
(A) 3257 _ (B) ~ 0.14
@ -+ With cells = 012k -+ With cells
=1 —+ Without cells = ——Without cells
8 £ 0.10
£ = 0.08
= ~—
§ £ 0.06
g 2 0.04
= L)
'S Z 0.02
DE.. < 0_00 1 1 1 1 1 ]
0 1 3 5 7 9 11
id t/d

B 4. FARBREA)F Fe™ K E (B)RE 1S FRET BRI TS (L
Figure4. Variation of protein concentration (A) and Fe** concentration (B) with time.

(A)

" Al
o
° 10
Na Au
e Mg K
Ulkev
Si
©) (D)
g2l o0 Al
Na Au K
Fe Mg
Ulkev

5. FERLAIHHEIERIRE(A) R AL R (B)FIRI0H T4 B B H2 51 B (C) K A1 B (D)
Figure5. SEM images (A, C) and energy spectrums (B, D) of samples after experiments without microbes (A, B)
and with microbe (C, D).
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Table 2. EDS analysis of major elements in abiotic
and biotic samples

Sample Al/S Fe/% K/%
Without cells 0.5 1.3 0.5
With cells 0.4 0.6 2.2

8¢ S S: Smectite I: Illite
& [-S: Mixed-layer I-S
o K: Kaolinite
6 f’\ 16.95 A Pristine
- / I bentonite
£ . <
= ES
5
z
2
=
0 ‘ ‘ ,
3 5 10 15 20

26(Cu Ka)

6. SRIGAETFISKLG S5 HEm XRD Bk
Figure 6. XRD spectrums of samples before and after
experiments.
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F 3. FTEREAFNICLAT YA IERE
Table 3. Minera swelling properties of samplesin biotic and abiotic groups after experiments

Sample Triplicate 1 Triplicate 2 Triplicate 3 Average Swelling inhibition/%
Without cells (V1)  6.34mL 6.40 mL 6.46 mL 6.40 mL 259
With cells (Vo) 8.72mL 8.60 mL 8.60 mL 8.64 mL
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Dehydration
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T \Si Si
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Figure 7. Conversion mechanism of smectite to illite.
T: tetrahedron; O: octahedron.
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Effect of interaction between pristine thermophilic bacteria and
bentonite on anti-swelling of oil reservoir

Xiaoli Hu*, Wei Zhang', Deng Liu® 2, Xuan Qiu?, Hongmei Wang" %
! School of Environmental Studies, China University of Geosciences, Wuhan 430074, Hubei Province, China

? State Key Laboratory of Biogeology and Environmental Geology, China University of Geosciences, Wuhan 430074, Hubei
Province, China

Abstract: [Objective] To decrease the swelling of water-sensitive minerals via microorganisms in oil reservoir, one
thermophilic bacterial strain was isolated from a high-temperature reservoir in the Zhan 3 block of the Shengli
Qilfield. Further experiments were conducted to evaluate the interaction between this isolate and bentonite with
smectite as the main mineral. [Results] The isolated strain was thermophilic, facultative anaerobic, Gram-positive,
and rod-shaped. It could form spores and was identified as Geobacillus icigianus SL-1 via 16S rRNA sequencing. It
could reduce structural Fe(l11) of smectite under anaerobic conditions. Scanning electron microscopy results
showed that smectite was irregularly flaky before the experiments, whereas slab-like particles were observed after
the experiments with the presence of SL-1, suggesting the formation of secondary minerals. The energy spectrum
analysis showed higher Al/Si ratios were detected in the platy minerals and much stronger peaks for K* than those
in thin smectites. The percentage of smectite in biotic systems decreased significantly (47.7%) in comparison of
those in abiotic systems (70.4%) at the end of experiments as indicated by the X-Ray Diffraction (XRD) analysis.
Collectively XRD and Energy Dispersive Spectrometer (EDS) results confirmed the transformation of smectite to
illite in the biotic systems, which reduce the mineral swelling property by 25.9%. [Significance] These results
confirm that pristine bacteria in oil reservoir can play an important role in mineral transformation, subsequently
decreasing the swelling properties of clay minerals. Therefore, our results offer a promising way to deal with the
water-sensitive issuesin oil recovery process.

Keywords: reservoir anti-swelling, thermophilic iron-reducing bacteria, dissimilatory iron reduction, clay minerals,
smectite illitization
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