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Fig. 1 Effect of different sampling amount on test values of pyrolysis indexes.
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Table 1 Homogeneity test results for the candidate materials
(7357 2% FHME T T O 2 AERT A7 v D 22 PATT[R) Ty 2 OGN Fo
G5 - (x) () RSD (%) (sh () i
S,(mg/g) 0.16 0. 0072 4.59 0. 0001 0. 00004 1.74
- S,(mg/g) 1.99 0. 0270 1.36 0. 0008 0. 0007 1.04
7 (C) 440 0.9934 0.23 1.0973 0.9333 1.18
S,(mg/g) 9.25 0. 1802 1.95 0.0337 0.0319 1.05
S,(mg/g) 0.64 0.0121 1.89 0. 0002 0. 0001 1.43
RI2 S,(mg/g) 3.59 0. 0701 1.95 0. 0052 0. 0048 1.09
7, (C) 442 1.2492 0.28 1.5709 1.5556 1.01
S,(mg/g) 17.07 0. 2000 1.30 0.0614 0. 0438 1.40
S,(mg/g) 0.17 0. 0085 5.03 0. 0001 0. 0001 1.47
RI3 S,(mg/g) 5.69 0.0584 1.03 0. 0038 0. 0032 1.19
T, (C) 436 0. 6300 0.16 0. 5686 0.4111 1.38
Sy(mg/g) 15.01 0.4244 2.83 0. 1268 0. 2509 0.62
S, (mg/g) 0.33 0.0213 6.35 0. 0005 0. 0004 1.05
- S,(mg/g) 7.37 0.0841 1.14 0. 0082 0. 0065 1.27
T, (C) 441 0. 8244 0.19 0.7295 0. 6556 1.11
Sy(mg/g) 12.05 0. 3805 3.16 0.1107 0.1613 0.69
S,(mg/g) 1.84 0.0105 6.63 0. 5504 0.8365 1.36
- S,(mg/g) 11.73 0.2212 1.89 0. 0576 0. 0447 1.29
T (C) 441 0.922 0.21 1.0456 0. 7556 1.38
Sy(mg/g) 29.66 0. 6478 2.18 0.4381 0. 4106 1.07
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Table 2 Long—term stability test results for the candidate materials
A msm o i NG b to0sS(b)
S,(mg/g) 0.17 0. 009 5.37 -0. 0004 0.0018
. S,(mg/g) 2.00 0. 0683 3.42 -0.0035 0.0215
T (C) 441 0.854 0.19 0.0238 0.2257
S,(mg/g) 9.26 0.2674 2.89 0.0194 0. 0601
Sy (mg/g) 0.63 0.0161 2.55 -0.0001 0. 0057
Ri2 S,(mg/g) 3.45 0.1216 3.53 -0.0234 0. 0508
T (C) 441 0.7696 0.17 -0.0357 0.2244
S,(mg/g) 17.08 0. 1508 0.88 0.0133 0. 0403
S, (mg/g) 0.17 0.0125 7.60 0. 0007 0. 0049
RI3 S,(mg/g) 5.69 0.0730 1.28 0. 0059 0.0218
T, (C) 437 0.8239 0.19 0.0357 0.1871
S,(mg/g) 15.19 0.2319 1.53 0. 0093 0.0376
S, (mg/g) 0.34 0.0198 5.86 -0.0013 0. 0074
- S,(mg/g) 7.32 0.1523 2.08 0.001 0.0373
T (°C) 440 0.9542 0.22 0.0357 0.2133
S,(mg/g) 12.18 0.2012 1.65 -0.013 0. 0268
S, (mg/g) 1.83 0.1181 6.45 0.0074 0.0275
- S,(mg/g) 11.98 0.23 1.92 -0.018 0. 0506
T (°C) 442 0.9927 0.22 -0.0536 0.2624
Sy(mg/g) 29.4 0.6 2.04 -0.0435 0.2434
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S FEO LA 0 R I () A A e M A, R B AR S
FIFH GBW (E)070064 F1 GBW (E) 070313 A5 ifiAE i
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GBW ( E) 070323, GBW ( E) 070324, GBW (E)
070325 .GBW ( E) 070326 . GBW ( E) 070327, /™ 4% $%
18 JJF 1006—1994 #i1 JJF 1343—2012 [ ER JEA7HE
i i AR AR G PER B a0t 8 AT B A
SEAELRE 1 S 56 2 PIME 2 (8, U Ge it b 3 77 &
ERA T T S, T Sy WIBRUE(E SANH 2 B,
FEFGH S, 2%, S HEARTEN &R,
BB T WA A PR IR S T AmAT
b S B pi 7 K

AR AEY) BB, T LR A B A BT A
REUE D7 IEBIEGE RN oy B R e W s A S 2 A
% R ge T B w7 E A A 2 S0 55 2 B A i
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Table 3  Certified values and expanded uncertainties of the reference materials

s WK S, BB | I S, R R HIERE T, P ——
(mg/g) BN 5E B (mg/g) FRUE(E B AN BE(°C) FREE BN 2 ¥ (me/g)
GBW(E)070323 (RJ1) (0.16) 2.01+0.21 440+2 9.5+0.8
GBW(E)070324 (RJ2) (0.62) 3.70+0. 40 442+2 17.7£1. 4
GBW(E)070325 (RJ3) (0.16) 5.85+0.50 43742 15.5+1.3
GBW(E)070326 (RJ4) (0.31) 7.39+0. 50 440+2 12.5+1.2
GBW (E)070327 (RJ5) (1.81) 11.90+0. 80 441+2 29.9+3.0
# 4 bREVIRIS RS, R
Table 4  Verification results of the reference materials
S,(mg/g) T (C) S4(mg/g)
FE G =
S FREE BN o S SEME B (BN 2 SEIE FRifE(E BN o B
GBW(E)070323 (RJ1) 1.91 2.01+0.21 441 440+2 9.30 9.5+0.8
GBW(E)070324 (RJ2) 3.58 3.70+0. 40 443 442+2 17.25 17.7£1. 4
GBW(E)070325 (RJ3) 5.74 5.85+0. 50 437 4372 15.21 15.5+1.3
GBW(E)070326 (RJ4) 7.26 7.39+0. 50 442 440+2 12. 04 12.5+1.2
GBW(E)070327 (RJ5) 12.15 11.90+0. 80 441 4412 29.33 29.9+3.0
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Preparation of Reference Materials for Rock Evaluation of Mudstone

LIU Jie', ZHAO Zhiming”, YAN Ronghui’ , HUANG Zijian'
(1. Panjin Zhonglu Oil & Gas Technology Service Co. , Ltd. , Panjin 124010, China;
2. Department of Petroleum Engineering, Panjin Vocational and Technical College, Panjin 124010, China;

3. Department of Engineering Technology Management, Changqing Oilfield Company, China National Petroleum
Corporation, Xi’an 710016, China)

HIGHLIGHTS

(1) The values of each parameter of the rock pyrolysis analysis standard substance have a certain gradient,
basically covering the content range of the conventional rock pyrolysis analysis.

(2) The fixed value parameters S,, T, , S, and reference value S, are important parameters for the evaluation of
source rocks and reservoir rocks.

(3) Rock pyrolysis reference materials can provide reliable technical support for instrument calibration of oil and
gas exploration testing, evaluation of source rocks, oil-bearing properties of reservoir rocks, and data quality

control.

Shatter Sieving

=

L;& 1 &
Collection of samples Shatt'e: Mixing Candidate Hom(.)geneity test  Certified values: S,, S,, T,
Stability test Reference value: S,

Sample analysis
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ABSTRACT

BACKGROUND: As an oil and gas geochemical detection and analysis technology, rock pyrolysis is widely used
in oil and gas exploration. Moreover, this technology is fast, economical, and effective in evaluating the
hydrocarbon—generating potential of source rocks and identifying the oiliness of reservoir rocks. Rock pyrolysis
standard materials are used for the calibration and quality monitoring of rock pyrolysis instruments, as well as being
the key material basis for quantitative calculation of rock pyrolysis analysis parameters for source and reservoir
rocks. At present, rock pyrolysis standard materials are relatively scarce, and most of the on—site mud logging rock
pyrolysis tests use value transfer samples for instrument calibration and quality control, which brings uncertainties to
data quality. At the same time, the rock pyrolysis standard material in China lacks the important parameter S, for
source rock evaluation, while the rock pyrolysis standard material in foreign countries has only one value and cannot
be used for gradient calibration. Therefore, it cannot meet the application and development requirements of rock
pyrolysis analysis technology in oil and gas exploration.

OBJECTIVES: To develop five kinds of reference materials for rock pyrolysis, with a certain gradient value of
each parameter, which can satisfy the needs of conventional oil and gas testing in petroleum exploration.
METHODS ; Candidate samples were collected from dark mudstone, oil shale and carbonaceous mudstone in the
Triassic Yanchang Formation, Permian Shanxi Formation, Taiyuan Formation and Carboniferous Benxi Formation in
the Ordos Basin. After impurity treatment, jaw crushing, ball mill fine grinding, powder sieving 200 mesh, mixer
mixing, “Co irradiation disinfection and sterilization, and passing the preliminary homogeneity test, the samples
were packed and numbered.

RESULTS: For each candidate, 5%30 bottles of samples were randomly selected for uniformity testing, and the
measured values of F were all less than F, ,;(29, 60). There was no significant systematic difference within and
between groups of samples, and the uniformity was good. Short—term stability and long—term stability were tested
by the straight line fitting method, and the slope of the fitting line 15, 1<, * S(b,), had good stability. Eight
laboratories adopted the rock pyrolysis analysis method for collaborative determination. All of the determination
analysis data conformed to the normal distribution, and the determination results and corresponding uncertainties
were obtained. The fixed value parameters are S,, T,
2.01-11.90mg/g, the value range of T, is 437-442°C , the value range of S, is 9.5-29.9mg/g.
CONCLUSIONS: In accordance with the national standard material research standards and specifications, five
reference materials for rock pyrolysis, GBW(E)070323, GBW(E) 070324, GBW (E) 070325, GBW(E) 070326
and GBW ( E) 070327, were successfully developed. The value of each parameter presents a certain gradient,

S, and reference value S|, wherein the value range of S, is

which basically covers the content range of conventional pyrolysis analysis.

KEY WORDS: mudstone; reference materials; rock pyrolysis analysis; standard value; certified value parameter

— 212 —



