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Effect of consortium QZ-10 on crude oil and its application in
the removal of oil well paraffin
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Abstract: [Background] Under the high-temperature and -pressure condition, crude oil presents as a
single-phase liquid. However, due to variations in temperature, pressure, and flow conditions during the
mining and transportation processes, paraffin wax is continuously precipitated from the crude oil and
deposits in the wellbore and pipelines. As an emerging technology, microbial wax removal has attracted
wide attention. Nevertheless, the specific consortium applied needs to be determined according to the
site conditions. [Objective] This study aims to use the consortium QZ-10 screened out from the
saline-alkali reservoir environment in Qinghai oilfield to solve the problem of wax deposition in oil
wells and investigate the mechanism. [Methods] The performance of QZ-10 was characterized based on
surface tension/interfacial tension, El4 value, viscosity reduction rate, wax prevention rate, and
hydrocarbon conversion ability. Finally, field trial was carried out to verify its actual effect on paraffin
removal. [Results] The fermentation broth of QZ-10 could reduce the water-kerosene interfacial tension
to 1.21 mN/m, and the EL, value was 91.11%. Besides, the viscosity reduction rate was measured as
92.90%, and the wax prevention rate could reach 90.00%. Furthermore, QZ-10 could degrade the heavy
hydrocarbons in the crude oil, and increase the light hydrocarbon components, which would improve the
quality of the crude oil. The results of laboratory experiments showed that the consortium QZ-10
reduced the viscosity of crude oil and emulsified the oil, and showed the potential to be applied in wax
removal and prevention of oil well. The oil wells with severe wax deposition in Qinghai oilfield were
selected for the field trial. After the injection of QZ-10 broth, paraffin wax was removed obviously in
80.95% of the tested oil wells after 140 days, and many of the tested oil wells had a significant
increment in oil production, with a cumulative oil increment of 1 100 tons. [Conclusion] We
demonstrated that the consortium QZ-10 could effectively remove paraffin wax deposited in oil wells

and increase the oil production, which exhibited a broad application prospect.

Keywords: microbial consortium; microbial wax removal, paraffin removal; heavy hydrocarbon
degradation
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L, R AR R 3 BRI LA S TS Dk
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U, BRI T ISR, s TR e,
SR, I Ak B B IR PRIR S 2, B2 R Tk
A=W B AR CR TR AR 4 L3 Y 2
S5 25 it P 5 T 1 T A 0 0 7 S TR AR

TR FEh R R T 10%10° mg/L,
X SR TR A P — Rk AR . AR SO ]

ATHT L 5 A R S RO 0 S A - 2R A
W AR QZ-10, @ik xf AL . BRI REIN E 3
TEZIRA B 25 T M /R RO . RS e 46
T EER 21 OHIFRMAEY R i
5, MTEIEREGHEAR QZ-10 M3k F&k
R, BT ZIR A TE RGBT . M
A Wy BRI A ek AR B K A T T A N
HEAR A

WEERE

1.1 BEEARRKIE

RAETER QZ-10 M & M H 43~ FlE R T
B SR, GRS B U Y S AR
KEE . ZIBRA W R R EEFRIE N BEEH
25¢, B 50g, NaCl 7.5 g, NH,C15.0 g,
EBTK 1L, B3R 1 mol/L NaOH IFK
¥ pH = 7.0, 1x10° Pa K# 20 min, 35555
4. 37°C. 180 r/min %55 24 h,
1.2 EERXFIFNE

MEBkRy, U REE A HEAPR. NaCl,
NH,Cl, WA KB, &, B
Mrafialsl; IECke. &M %E, Thermo Fisher
Awl. FRIEK I, LAUDA Awl; AL,
Thermo Fisher /AF]; SAHEFH Y, SHIMADZU 2
F; HP-5 4i%4:(30 mx0.32 mmx0.25 pm),
Agilent A F] .
1.3 QZ-10 HiREREIEM
1.3.1 FEKADEFEKNDNE

K FEEIEUOME QZ-10 B ) 2 ThT ok
1. BERCSBE Fm gk ). BRI 50 mL,
12 000 r/min B5.0> 15 min EREME, BEH
W, AR B R 10% . 20% . 30%.
40% . 50%. 60%. 70%. 80%. 90%WE, If
BRI WAE R 100%Hk BE, AR T
ASCIN 7 AN [ 8 T YA 1) 2 TR 5K T % T A5 43l
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) TR 5K T o
1.3.2 FEH ELAEWMNE

B 12 000 r/min B0 15 min, B EF
W PR SRR I B A, O A A
H5HW FEW4 4 mLAE 10 mL & HIRA,
MR G HRIRGIRG, SRFE 24 h J5 0L
AHARPFLALZE R, 430 2Lk )= &
FAEVAEEE, PICHE KSR A RS
ZSEXEE, BE 3 TR

FAEEIT R AKX, EL=A bR A
HLZ 3 < 100%.

1.3.3 BEEEERBINE

FA N FIORE 40 B T JROGT S B 7 s 2R g
PR AR 10% A SIS 20% 511 200 mL
B, 37 °C. 180 r/min HIRFE K H; 5%,
X B TR AR A, 15 3 A PATHE
7dJ5, 1€ 37 °C MR =48 ook HE TR 0
AW RS T, 1E T 60 min ZHETE HAS-FE-
WA, FREETE R E .

HRAE 2 ZH BT T et 25 P I (T B B i
BRI BT E=[1—(m—myg) (m—m)]x100%
K E R S I B O DI B B I R (%) s m
R IR R T SR BT T ()5 s AT
PRCE SRR TR S T i () s m ok B4l
HEIE R +5R 0 BT (@) s i % REZH SETE )R 25
i (g)o
1.3.4 JRMFENE

WAL 10% W EE AR & 20% 50 i
200 mL 353550, 37 °C. 180 r/min 535 7 d.
LR 2 A A A FE A B K DR A s I R, R
FH I A8 A3 390 0 2 B 26 0 A R i S %) D v 7E
37 °C THEIHELE .

1.3.5 [FEHRES 2
W EWAE 10% U B A R & 20% J53Hh 1)

200 mL B335 50, 37 °C. 180 r/min §53% 7 d,
DLJC B KA S X B AR ) A BT S A A
.s%, 4391 10 000 r/min &.0> 15 min $E17iH7K 5>

, WCEE b, R s A A R
uFE@ﬁ@ PR, AR 225 SCRR[11] .
FHIECREUisE . b R sy i I i s v,
PB4 R FHIE O e o 8 i A, & H
I 5 IEC IR EHERQ2:1, RBLH )kt B o &
&, IR Cm:, JEEMGER BT, R
PP T AR O A I TR o VS VR A
M A PR, TR A R AL A i T
3L
1.3.6 m%%&%ﬁm
W i v o3 B A5 B B AR R 2 43 A O
CLBEVs i %%ﬁumﬁ,%mﬁﬁﬁﬁMﬁ
KEATH @B, RA] HP-5 @ittty
STE, AR SIEE RIS TR
1.4 QZ-10 HiKkB I 5L A

M4 = LB EE R, XA R
Ui R AR, i B3 3k 5 et 7 B I T
JR A A W3 7 i 1) IR 371
1.4.1 HFEDR

MGk 5 B e R 256—1 600 m,
&l HE B 200-500 m, JRA ML 2 TE SN
0.540-4.106 MPa, & 27-38 °C. fifi
EAEALBE R 18%—22%. HiZE KA LE N
104 627-256 752 mg/L, pH 6.0-9.0, XI I
IR SEIA A 30 d, ERA I EE IR T
PR TCE R AR, VEIE O I 2 )2 ) xHid )2
T A E
1.4.2 IFET

Vi QZ-10 B T 2 k3t 21 M #3738
B o WO A M IR AT KR R, S H0k
BUF: ¥3 150-200 r/min, J&JF 37 °C, J&
J1°4 0.5 MPa, #SHTE 0.2-0.5 VVM,
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27.21 mN/m. SRR T 2K B9 K TH 5K 18
73.00 mN/m"?, 2 B2 T 7 B4 2R T 5K e
W BE AR I o BB A SR AR A K iy R i ok o T
T VRS I =2 T P LT K ) ()R B 2 R TR
W FE R T T FRARG L 10% T T 5 M3 1 55 T
J1°4 3.07 mN/m, 100% B -5 B 8 5 1 5K 77
4 1.21 mN/m. IR QZ-10 B H T & 1Y
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Figure 1 Surface tension (SFT) and interfacial
tension (IFT) of bacterial consortium QZ-10 at
different concentrations.
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R IK 92.90%, I EIFUR AT QZ-10 14
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TLR] Y FH A7 A T e 3 v i 2 15 21— PR f B
il 18 (Pseudomonas sp.) W12#, /= mtElg
FKRWMTEER ELs (HEF] 62.50%, BREEHEN
34.66%, FEEEH 63.75%; LGS A B
25 0LFT T 5 4 S A P 1 T AR A B U TR TR
BIRR, WRIEAIRRE) EL (Hik5] 55.39%, &
BCEsE 3% e Al R IR T 9K ) % 22 38.83 mN/m,
FER RN 64.72%, HILATIL, TRA W QZ-10
(A 1 RE NS0 T BT, 7R TR B A AR 1 BB T A
HA A
2.2 JRiHiRASR S

JEE—Fh 2R A, B— B R
AL BEASCR JR A BRI, AR H AR — 1
FAZCR, TR A TR AE D R G o 72 rh B e T
REEL AL, 85X B A b B R ) XF Qz-10
PR TR A BRI B SO R A T AL S o b, B
SRR . SR R LIE R 4 45,
B R 2 fin. WE 2 B LUE
W, it QZ-10 HERALRE , JEIh R A iR AR
SN, O AR S R s, W
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Figure 2 Crude oil group analysis.
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i 7 F TG R R BEAR R TE 9K T, T BB R AR
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FEGE By s S ORI 8 ) o FEARBESE T, IRATE
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Figure 3 Chromatographic analysis of saturated
hydrocarbon in crude oil.
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A ] PG b ) 22 FE 3 P 07 45— PR A E R 2 AR
W (Bacillus amyloliquefaciens) 6-2c, BEREWS ™
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Figure 4 Change of load of the S234X well before
and after paraffin removal and prevention.

4H, INEREE N 30 d, #FHEmHRKE
far g 47.44 kN F#AIKZE 39.15 kN, fe/hafar
9.24 KN JF}& & 13.62 kN, 7EAMFIE T, PARIE

IR T 140 d, FEFARCRELY .
24 HAHFHETL

RETH R QZ-10 XI5 HA R A7 B0 Al
FLACROCR . RROS R B s sl ik, DR XS T
W R B —E R RCR . X 21 1
W H = H i kS AR T g, K
A 16 HIFEAIR A ROR, &R
R H 1 76.19%, R8I 1 100 to X T8
J5 16 MRS H P . H A oK ST
giit, wiEk 1 Pos, ATRIHH W . HPA
AR B, S AR R TR, SKE
AH EECHE T B R B KR 54.35%

P 16 TR H = i e b 15,
g nE S Uron . B S RRTRUE, RKH
PRI R AT LITAF] 154.00%, fRe/) H =gy
6.89%. HHILIEH QZ-10 B AYTE AN A

AR RIAT ARG I 8ot 22, JF Hirees BP Ry B — @ i EACR . X 5 LR
z1 e LRl BAFEFFR
Table 1  Production before and after treatment
Oil wells Production before treatment Production after treatment

Fluid production  Oil production =~ Water content Fluid production  Oil production =~ Water content

(m*/d) (t/d) (%) (m*/d) (t/d) (%)
S1928 2.92 2.03 30.46 2.86 2.17 23.92
S1728 6.16 2.40 61.00 6.09 2.72 55.23
S172X 6.63 2.44 63.10 6.29 3.00 58.06
S1281S 1.99 1.34 34.08 2.43 2.10 13.44
S1281X 2.63 0.59 77.43 1.97 1.50 23.08
S234X 4.31 2.01 53.36 5.77 2.42 57.31
N222 2.46 1.46 40.45 2.14 2.12 1.34
N614X 3.57 1.77 50.60 3.52 2.00 42.96
NO9-14-5 3.49 1.24 64.40 3.38 2.05 41.20
XS158 0.64 0.43 32.14 0.62 0.55 16.05
S1121X 4.15 1.47 64.48 5.82 1.60 72.80
S173 4.72 2.40 46.25 5.95 2.81 52.70
N523 5.97 2.29 57.54 5.92 2.52 56.72
S342 10.53 2.82 73.18 10.32 3.52 65.09
S412X 2.38 0.92 60.93 2.42 1.22 48.69
N512X 0.87 0.58 33.17 0.84 0.62 27.14
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Figure 5 Increment in daily oil production from
16 oil-wells after injection.
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SRR, Wang 2508 1 45 0K I 3K
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A 135 Ak 0 42 = B I SR R (microbial enhanced
oil recovery, MEOR)W J7, A& Bi% I Wk 7E S5 5
FINGE T RERS I FoR IRy 6.88%-13.38%. K
P A5 BRBCIR I BRI T 550 o R B 0T HLAF 5T
h, RIAE SRR T, TERRPY 4 4 2%
T P AU Y S AT B A, S
PUH PG 11.51%,. ARUF5E IR R IR
BT 16 FHlHAE L S f K H il &t ]
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Pl Yy w Ve T s AR AL, —T5
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BEAR U 5K A B SRR SR g, B Y
TR s 55— 5 TR B AR W T LR A Sl v
AR B ST 20 o0 SR o, I D v 4 A R
G, BRAR DI (R 280 B 250 A VI P 9 K R
R S LA R RS B R QZ-10 BRI AR
TS PR, FATARGF O RRARSR T 5K T o B
B (1R s OF B s e i e i, R W
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