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Table 1 Simulated conditions for the experiments

5 Gty ELEE/C i ) /h TME T3 /MPa FiAESIMPa WIA pHAE WA EE /(mmol/1L) SR
Ext.1 130~330 72 60 90 2.1 155.40 I
Ext.2 130~330 72 60 90 5.6 149.80 LR+ RN (1:3)
e Ext.3 130~330 72 60 90 45 151.20 LR+ RN (2:1)
Ext.4 130~330 72 60 90 2.1 155.40 IR+ A
Ext.5 130~330 72 60 90 2.1 61.8 LT
EX7I
Ext.6 130~330 72 60 90 2.1 61.8 i )
F2 WKAKZERS
Table 2 Chemical compositions of K-feldspar
N2 Si0, K,0 ALO, Fe,0, MgO Ca0 Na,0
I o L /% 60.30 13.70 17.60 0.01 0.18 0.28 8.30
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Fig.1

Concentrations of acetate acid in series | experiments (X acetic acid: total concentration of acetic acid and acetate):

(a) acetate; and (b) gas products
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Fig.2  Concentrations of oxalic acid and oxalate in series
IT experiments (2 oxalic acid: total concentration of oxalic

acid and oxalate)
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Fig.3  Series I experiments: relationships between temperature and (a) determined rate constant k;

(b) decarboxylation rate constants k,,, ; and (c) oxidation rate constants k,
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Fig.5 Relationship between Ink and 1/T in experiments
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Table 3 Kinetic parameters for organic

acid decomposition

i E /(kJ/mol) Als™
Ext. 1 72.58 0.54
Ext. 2 73.30 1.16
F51
Ext.3 71.92 0.55
Ext. 4 7224 0.78
Ext.5 36.83 0.02
EX 0N
Ext. 6 31.84 0.01
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Wil TR 1) T v i SR I (&1 3) o X &R A L
T2 GRS R BB I e S B A
RIRAR T RE S . BRI, 5 BILER 43 A A7 70 4 a2 A AR TR
JE ARYEAS R I Y SE 645 0, LB AN R KB
IR AR BR TR 351 S 230 CCHI 180 °C. 43AE 4y
i SN R BRI BE S B IR T, SRR RN 2 R
() i 5 S 2 T e s AR LR T, & BRI 43t
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3.22 pH1A

S Ext. 1 Ext.3 \Ext.2 7, B4R KON 5 H A A
UL L TR AR B Uk, TR 4R pH AR TR (3%
1) =455 3AS 2 0936 AL BE £, (72.58 kJ/mol |
71.92 kJ/mol . 73.30 kJ/mol , 3¢ 3) &E M FET , 1M1 S 7 3k
RN B s R (1 3) , B R AR R h I T
(1) pH AELXT 20 TR 1 53 e XE B (O AR B ) 5 Ml A28/ 0N, T
TRy i SN RS AR v pHL (LY 2 B0V
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KRR, LR o i ORI A3 R s I S
B TR N R, BRI 5 S i B IR TR AR 1
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Wrawigd , A R I 1 8 1 IR CO,, I Ja Bk f
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1) SN T
323 AA

Li et al "0 TR AR ) A s s 14 &
Xof TR KA G PR A S, 45 R S v TR AR TR T A
RIS AR SRR B 43 i 5 i LA R Y
UM TR R 2 . AR IR AR K I WA R s i
T FEASE AU e B AN IR R 4 4 R
WA I B HEAT T HIFSY , 45 R W BE & AR Tk,
O TR IR BN & A 1 T 2 8 T e (s & A 1Y)
T FE 4% 17 Ry 224.95 9C/381.9 MPa. 237.45 °C/616.7
MPa .279.85 °C/1 153 MPa) , % W 7 JE Ji A AY AT LA 5
FHEE O R R RN R AR . Ak, AR 2
iR A PEASALL S0 BT SR FH 8 A s T e e g
43 511k 60 MPa 190 MPa, %15 3 1 75 280 °CFl
330 CAMF N LR 53 ik ) N 38R 4353l oA 1.3%107 87
F11.6x107 &7, B AR T Li et al 285 FAH ] 52 56 1
W FEAH IR AR T (45 MPa) PN 24 1E
(45 MPa) U115 2] 19 £ TR 43 fift S 34 R (4.1~6.0%
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FE N SIME RN 2 R B E  AE SR B A HL
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FE O TR IFGE PEBLL LI T, Ext. 1 Al Ext.4 4]
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T SZ MR/ H 23 i 2 8 5 SRR o i e . 4
KAER—FfRE B 2 0 meEiR e T LIS 2
i T TP 1 S R A O, T v BN I AR 1 pH
1B, AN TR 0 52 O A4 2 v R AR B VR 32, 1 2 TR NG
B N R T o AU S ) S 56 BRI IE S T 3%
— 8, NEL3b AT DL, S T 230 CHR A

B A 256 Ex4 B SN 3 B B i TR
NP AT S Ext. 1, BUAR, Ext.4 5250 S0 2 N
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T R () AR R A
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kJ/mol ) g S T G 84 A 5255 Ext.5(36.83 kJ/mol,
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WA AT BEAE R 1 AR LR W S AR T 2 R4y
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i R, HAILBE AT 58 5 % 2 R 43k I g A 52 il LB
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4 HiFRE X

fl SR 2 UCAEFLBR I K 15 A il SRR I 1A A
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FEL ALt 2 L ELJE S H =i | SE 18 LR
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WA PR AL . A/ NAR ST — A
FUSOT A R AU 52 56 K B, v e TR 0 AR T
J1 ] HE IR BN B B 14 A O HE 2 1o AT B
IR AL . Hao et al 5T BT HAE fhid
T P PR K A 1™ W o BE AR AL R A s 1
HXAHLBE AR . Carr et al T3 T 31T
S TR T T A AR A AL A e rh
B LR T EERAT v IR — S B K A, BE T4
J LTt TG AL RE . Uguna et al. ™1 3 RFZ ML AT,
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FEAE A BLT T A B b A TS PR R AR R
AN ELZHBE R, Hoaz 20 R A A FAH EE 338 7=
TUINEA S o SR AN ALK [0 3 X L LA SR HILR
RSB 45 0 o A AL Y 3 ZOR IR AT 43 A P«
A HLITE A= S o v ) P A 1 R 28 B K A A
FHUI A AL A R A FE R Xk E A B S 7 0 T I
IVE . PR, 76 48 BR5E T A AILIR v 76 38 K () 11
T AR, R A FLIR I & B R e e 55 A

JUETR)Z TR JZ T b 2 R 25 s A b
PR () 43 i, A0 HL g s e AR AR T REE 3R W A
BILTR J3-fifk S 7 Ay Yk 5 114 ) s 28 A1 0 o S5 1 3 3%
N DR PR BRI A ) S 56
TR Z 1 = pHAE S MG HLER 1 43 , (EH XA HLIR
3 il LN RS I TR B R L AR YR IFSE A 5K
ok R e # S R 1 90 MPa . i & R 11 2h 60 MPa
(ST, 24T SR 5] 230 CHF Z Ry BE R AR TE
AR ] 35 LR 430 Hl Ay 451, 345 S 349 i I A B A
20 C/km™ ;230 CXJ R 3R ERZ) R 10 750 m; HAR I
SEHVRAAE T, M2 A T ) R AR R 3 2
15 T AR 58 1 52 55 2544, AFL 5 A e TR ) R A
FE 30 LR B DR AF 5 A Ao DR AR, 3 HLR
F R FE IR 10 000 m A9 3t )2 TR A HLER AT BE Ao A7
e, R HIRIZ OB IRIZ LB 2 8 i 2 £ 5%
o THTRE LR Z M R 1 R ARG PR S IR S « 2R IR
8 408 m AbAE AV AL I A A< R, R)Z
TRIZ ) i IR BT o] LU ML Ae e A7, IR 2 U
W2 KRB AEIZE 5 B IR T = A
Al .

5 #Eip

(1) FEARFIPRRIESAE T, & Ry i RN T s
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FE RIS I B A il P M 511K

(3) fe i A e g A s e D B2 4m il L1 A 2
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P AR 70k S SR PRIk, AR R feg s fER e 7L )
JEIRETHA M T A LR ORAT, R A I A TR
TR RR IZ— R R O A 2= B4 m] REME S

2 % 3Lk (References)

(1] Xsi4x, 2540 2019 48 M AN UT L & RS TM]. bt
13 Tl Y R AT, 2020 7-12. [Liu Zhaoquan, Jiang Xuefeng.
Development report of domestic and foreign oil and gas industry
in 2019[M]. Beijing: Petroleum Industry Press, 2020: 7-12. ]

(2] PNETE, AR RE, AR dl, % . b G2 MO8 R i 50
Sy LT A0 i B % 5 9F & L 2013, 40 (6) : 641-649. [Sun
Longde, Zou Caineng, Zhu Rukai, et al. Formation, distribu-
tion and potential of deep hydrocarbon resources in China[J]. Pe-
troleum Exploration and Development, 2013, 40(6): 641-649. ]

(3] Z#tA . BRI IR S ke [ 1], HuBkRl =3k, 2002,
17 (4) : 565-571. [Tuo Jincai. Research status and advances in
deep oil and gas exploration [J]. Advance in Earth Sciences,
2002, 17(4): 565-571. ]

[4] JOLf sk E . s EGEZM OB S 1], Aam
2#4,2009,30(6) : 793-802. [ Zhu Guangyou, Zhang Shuichang.
Hydrocarbon accumulation conditions and exploration potential
of deep reservoirs in China[J]. Acta Petrolei Sinica, 2009, 30
(6): 793-802. ]

(5] Pekfear . v v iR S & gt TR AR i S T 1 14 T R e A
HRr 5T kS BT A KRBT, 2010,31(5) : 517-
534, 541. [Pang Xiongqi. Key challenges and research methods
of petroleum exploration in the deep of superimposed basins in
western China [J]. Oil & Gas Geology, 2010, 31(5) : 517-
534, 541. ]

(6] e N LA E [ 12U . DZ/T 0217—2005 £l KRS
AV [S ] Jb st o E AR R, 2005, [Ministry of
Land and Resources of the People's Republic of China. DZ/T
0217-2005 Regulation of petroleum reserves estimation[S]. Bei-
jing: China Standards Press, 2005. |

[7] CaoYC, Yuan G H, Li XY, et al. Characteristics and origin of
abnormally high porosity zones in buried Paleogene clastic reser-
voirs in the Shengtuo area, Dongying Sag, East China[J]. Petro-
leum Science, 2014, 11(3): 346-362.

[8] Zhong D K, Zhu X M. Characteristics and genetic mechanism of
deep-buried clastic eureservoir in China[J]. Science in China Se-
ries D: Earth Sciences, 2008, 51(2): 11-19.

(9] BrRmie, Bk, A5E, 55 . BRJE A RIR U2 IR AEALBIY =
TS AALEELT]. AR5 T %, 1999, 26(5) : 77-79. [Chen

Lihua, Zhao Chenglin, You Liang, et al. Three formation mech-



Yarand

4 A A RIS A DU IS E MBS

1055

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

[20]

[21]

[22]

[23]

anisms of secondary porosity in clastic gas reservoir rocks[J]. Pe-
troleum Exploration and Development, 1999, 26(5): 77-79. |
Huang C G, Zhao F, YuanJY, etal. Acid fluids reconstruction
clastic reservoir experiment in Qaidam saline lacustrine basin,
China[J]. Carbonates and Evaporites, 2016, 31(3): 319-328.
Shock E L. Organic acid metastability in sedimentary basins
[J]. Geology, 1988, 16(10): 886-890.
Fisher J B. Distribution and occurrence of aliphatic acid anions
in deep subsurface waters[J]. Geochimica et Cosmochimica Ac-
ta, 1987, 51(9): 2459-2468.
Seewald J S. Aqueous geochemistry of low molecular weight
hydrocarbons at elevated temperatures and pressures: Con-
straints from mineral buffered laboratory experiments[J]. Geo-
chimica et Cosmochimica Acta, 2001, 65(10): 1641-1664.
Franks S G, Dias R F, Freeman K H, et al. Carbon isotopic
composition of organic acids in oil field waters, San Joaquin Ba-
sin, California, USA[J]. Geochimica et Cosmochimica Acta,
2001, 65(8): 1301-1310.
LiJJ, MaY, Huang K Z, et al. Quantitative characterization
of organic acid generation, decarboxylation, and dissolution in
a shale reservoir and the corresponding applications-A case
study of the Bohai Bay Basin[J]. Fuel, 2018, 214: 538-545.
Yang LL, XuTF, Wei M C, et al. Dissolution of arkose in di-
lute acetic acid solution under conditions relevant to burial dia-
genesis[J]. Applied Geochemistry, 2015, 54: 65-73.
Gong QJ, DengJ, Han M, et al. Dissolution of sandstone pow-
ders in deionised water over the range 50-350°C [J]. Applied
Geochemistry, 2012, 27(12): 2463-2475.
McCollom T M, Seewald J S. Experimental study of the hydro-
thermal reactivity of organic acids and acid anions: II. Acetic
acid, acetate, and valeric acid[J]. Geochimica et Cosmochimi-
caActa, 2003, 67(19): 3645-3664.
Andresen B, Throndsen T, Barth T, et al. Thermal generation
of carbon dioxide and organic acids from different source rocks
[J]. Organic Geochemistry, 1994, 21(12): 1229-1242.
BV, 28R X A5 U A R AR AR T A LR
SR (T]). MiERTES:,2011,40(4) : 381-386. [ Xue Lian, Li
Dong, Liu Jianping, et al. Experimental study on the genera-
tion of low molecular organic acids from mudstone by hydrous
pyrolysis[J]. Geochimica, 2011, 40(4): 381-386. |
Palmer D A, Drummond S E. Thermal decarboxylation of ace-
tate. Part I. The kinetics and mechanism of reaction in aqueous
solution[J]. Geochimica et Cosmochimica Acta, 1986, 50(5):
813-823.
Seewald J S. Organic-inorganic interactions in petroleum-pro-
ducing sedimentary basins [J]. Nature, 2003, 426 (6964) :
327-333.
Boles J S, Crerar D A, Grissom G, et al. Aqueous thermal deg-
radation of gallic acid[J]. Geochimica et Cosmochimica Acta,
1988, 52(2): 341-344.

[24]

[33]

Ganor J, Reznik I J, Rosenberg Y O. Organics in water — rock
interactions [J].
2009, 70(1): 259-369.

TG I T A (M. R A Tl R
2009:210-257. [ Yu Xinghe. Basis of hydrocarbon reservoir ge-
ology [M]. 2009:
210-257. ]

JAEE, ARLLSE Rk, . DU HL I SO Bl B P AT AL
— MR EAE I [T]. KRR HIEREL, 2006, 17(1) : 42-47.
[Zhou Shixin, Zou Hongliang, Xie Qilai, et al. Organic-inor-

Reviews in Mineralogy and Geochemistry,

Beijing: Petroleum Industry Press,

ganic interactions during the formation of oils in sedimentary ba-
sin[J]. Natural Gas Geoscience, 2006, 17(1): 42-47. ]
SARTT MR, EhnE A L B R A ALK R 43 A KOkt
JRCEAE RN [T ], DUBLAR, 1997, 15(3) £ 103-109. [Cai
Chunfang, Mei Bowen, Ma Ting, et al. The source, distribu-
tion of organic acids in oilfield waters and their effects on miner-
al diagenesis in Tarim Basin[J]. Acta Sedimentologica Sinica,
1997, 15(3): 103-109. ]

LiYJ, Zhou S X, LiJ, etal. Experimental study of the decom-
position of acetic acid under conditions relevant to deep reser-
voirs[J]. Applied Geochemistry, 2017, 84: 306-313.

TR R Rl e TR R R SO B L G T
e[, itk 54T, 2012, 32(3) : 669-672. [ Wang Hui-
yuan, Zheng Haifei. Research on Raman spectra of oxalic acid
during decarboxylation under high temperature and high pressure
[J]. Spectroscopy and Spectral Analysis, 2012, 32 (3) :
669-672.

TR . BORSI R PR SR T[T ], 84 rg BRI 7 B 7
,2004,24(6) :15-19. [ Xia Qingtian. Mechanism and applica-
tion of decarboxylation[J]. Journal of Qiannan Normal Univer-
sity of Nationalities, 2004, 24(6): 15-19. ]

McTavish R A. The role of overpressure in the retardation of or-
ganic matter maturation [J]. Journal of Petroleum Geology,
1998, 21(2): 153-186.

Quick J C, Tabet D E. Suppressed vitrinite reflectance in the
Ferron coalbed gas fairway, central Utah: Possible influence of
overpressure [ J]. International Journal of Coal Geology, 2003,
56(1/2): 49-67.

Chiaramonte M A, Novelli L. Organic matter maturity in north-
ern Italy: Some determining agents|J]. Organic Geochemistry,
1986, 10(1/2/3): 281-290.

Schito A, Corrado S, Aldega L, et al. Overcoming pitfalls of
vitrinite reflectance measurements in the assessment of thermal
maturity: The case history of the Lower Congo Basin[J]. Ma-
rine and Petroleum Geology, 2016, 74: 59-70.
AF/INAR Z2 e AR, 5 TR R PR A R T R A R i
PCFFAEXT L S R IR S B L[], Hu Bk fb~%, 2017, 46
(3):262-275. [ Fu Xiaodong, Qin Jianzhong, Yao Genshun, et
al. The comparison of hydrocarbon generation and evolution

characteristics between two temperature-pressure simulation sys-



1056 o % R $39%

tems and its geological significance for deep reservoir explora- geological conditions [J]. Organic Geochemistry, 2015, 78:
tion[J]. Geochimica, 2017, 46(3): 262-275. ] 44-51.

[36] HaoF, ZouHY, Gong Z S, et al. Hierarchies of overpressure [39] Uguna C N, Carr A D, Snape C E, et al. Impact of high water
retardation of organic matter maturation: Case studies from pe- pressure on oil generation and maturation in Kimmeridge Clay
troleum basins in China[J]. AAPG Bulletin, 2007, 91(10) : and Monterey source rocks: Implications for petroleum retention
1467-1498. and gas generation in shale gas systems[J]. Marine and Petro-

[37] Carr A D, Snape C E, Meredith W, et al. The effect of water leum Geology, 2016, 73: 72-85.
pressure on hydrocarbon generation reactions: Some inferences (401 J&I 3 . % FEL K 25 b 7% i VAo 8 i A0 %30 A 5 R T <0 5%
from laboratory experiments[J]. Petroleum Geoscience, 2009, [J]. A S KRR M, 1985, 6 (38T 1) : 24-25. [ Zhou
15(1): 17-26. Zhongyi. The Tarim Basin has a relatively low geothermal gradi-

[38] Uguna C N, Carr A D, Snape C E, et al. High pressure water ent and a great petroleum potential in deep formation[J]. Oil &
pyrolysis of coal to evaluate the role of pressure on hydrocarbon Gas Geology, 1985, 6(Suppl. 1): 24-25. ]

generation and source rock maturation at high maturities under

Simulation Study of the Thermostability of Organic Acid at the
Temperature and Pressure Conditions of Deep Layers: A case study of
acetic acid and oxalic acid
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Abstract: The distribution and thermal stability of organic acids in deep hydrocarbon reservoirs significantly affects
the reservoir properties. The decomposition reactions of typical monocarboxylic and dicarboxylic acids (acetic and ox-
alic acids) were studied using high-temperature and high-pressure water-rock simulation for which the influence fac-
tors and kinetic parameters were analyzed and calculated. The results show that the decomposition reaction occurs
more readily for oxalic acid than for acetic acid. The rate of the decomposition reaction of oxalic acid is also more rap-
id than for acetic acid. The critical decomposition reaction temperature for acetic acid is 230 °C, and is 180 °C for ox-
alic acid. Their rates of decomposition reaction increase sharply with increasing temperature. High pH and the pres-
ence of potash feldspar in the reaction system increase the decomposition reaction rates of both acids, but have little
influence on the critical temperature of their decomposition reactions. Large lithostatic and fluid pressures hinder the
decomposition reactions of these acids by reducing the rate and raising the critical temperature of the decomposition
reaction in both cases. It was found that high pressure at low temperature favors the preservation of organic acids,
from which it is inferred that sedimentary basins with a low temperature gradient is more likely to form high-quality
reservoirs in deep and ultra-deep rock.

Key words: organic acid; thermostability; potassium feldspar; reaction rate constant; activation energy



