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Fig.1 Automatic pretreatment instrument for total organic

carbon in sedimentary rock.
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Table 1 Selected samples for comparison experiment.

P it Pt
(%)
GBW(E)00314 0.53+0.06 BT KR 5
GBW(E)00317 4.72+0.26 BT KR 5
GBW(E)00318 6.61+0.34 e KR 5
GBW(E)00320 1.87+0.10 WA KRt 5
QCo1 1.40+0.14 RERJE DS PRI
QC38 8.13+0.47 BRI PRI
QCI8 18.30+1.23 biilib) SRS
QCl4 63.95+5.28 I JoT iR A

e EEBREYIRA TOC H PR R AHE " FoR s s filee
S TOC AS %A,
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Table 2 Accuracy of tested TOC by automatic pretreatment method meeting the quality control requirements in GB/T 19145—2022.

, o Hahik A A3h%k B
i g | TOC FRUE(E B AN 5
gy AT (%) TOC WA TOC-FHE  JiklEleR | TOCUHAME  TOC-FIfE  JrikElicR
(%) (%) (%) (%) (%) (%)
0.54 0.51
0.54 0.53
GBW(E) | giom 0.53+0.06 0.54 98.11 ~ 101.89 0.52 96.23 ~ 100
070314 0.52 0.51
0.54 0.51
4.74 4.69
4.73 4.76
GBW(E) TUA 4.72+0.26 4.74 100.21 ~ 100.85 475 99.36 ~ 101.27
070317 4.76 478
4.74 4.75
6.56 6.62
6.72 6.62
GBW(E) | yo. 6.6140.34 6.67 99.24 ~ 102.12 6.58 98.18 ~ 100.15
070318 6.63 6.49
6.75 6.60
1.86 1.85
1.89 1.83
GBW(E) | o 1.8720.10 1.87 98.93 ~ 101.07 1.84 97.86 ~ 98.93
070320 1.87 1.83
1.85 1.84
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Table 3 Repetitiveness of tested TOC by automatic pretreatment method meeting the quality control requirements in GB/T

19145—2022.
TOC Fkt Azhik A KA TOC i (%) Azhik B A TOC & (%) T PR
s | Atk Z%{d
@) |14 240 MK, MIX, TOCD, |14 H241 WX, WX, TocD, | P
138 141 135 131
ik 1.37 1.39 1.31 1.39 <007
QCo1 e 140014 | Lo oo 1.36 1.40 0.04 131 138 133 137 0.04 <0.
132 140 135 138
8.06  8.05 8.03  8.04
it 819  8.10 8.05  7.98 <o
QC38 e 8132047 | oo o5 8.14 8.09 0.05 S0l 802 8.03 8.03 0.00 <0.
8.14  8.09 8.02  8.08
1831  18.09 18.00 18.13
— 1830 18.02 17.94  18.19 <038
QC18 TR 18304123 | | oon ogs 1829 183 0.16 1802 181 1803 1811 0.08 <0.
1821 18.27 18.16  18.03
64.50  64.17 65.88  65.35
it 61.76  65.26 6430  63.85 <126
T 9545, ) . ) } . ) <I.
QCl4 63.95£528 | oo csne 0392 6488 0.96 6341 6554 6499 6528 0.28
64.56  64.84 66.39  66.38
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Table 4 Reproducibility of tested TOC by automatic pretreatment method meeting the quality control requirements in GB/T

19145—2022.
e | TOC & bl (i A zhik A WHLK TOC & it (%) A zhi B XM TOC & & (%) AR
BAELE (%) |45 1 41 452 #9180 Y, ¥ Y, TOCD,, |55 141 524 #HH Y, #HHY, TOC Dy, (%)

0.54  0.53 0.51 0.3
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o 663 675 ' ' 649  6.51 ' ' '

675 6.7 6.60  6.61
1.86  1.80 185 182

GBW(E)070320 | K& 1.8740.10 8Ll 1.87 0.06 18318 1.84  1.83 0.01 <027
187 181 183 181
185 183 1.84 185
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Fig. 2 Changes in pH and a(Cl") with washing number of times

in manual pretreatment method.
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Fig.3 Lower RSD of tested TOC showed by two automatic
methods with  manual

pretreatment compared

pretreatment method.
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Fig. 4 Tend to target values of pH and a(Cl) more quickly by two automatic pretreatment methods compared with manual

pretreatment method.

— 1235 —



HO

5 6 1]

i

2023 4E

http: //www. ykes. ac. cn

— AT TOC M A (1) HERA | R % B K7, i
LT AL PR ) B 5 45 = 4~ eh/att. Ak, BB T
T VG B A 7R PR R 2 05, ST 1 W T AR Ay
A P ek DARE AR B B A P9 JE okt 2 BSUAE R e

SOMELSF 9 )AL, R £ 7 1 020 3 M Rl o
Xt A BRI X RE 77 ) $ THHA LSS S AR
ST TR PR 1 P B SRR R (BTG & 4F)
JEE R ARSI T A IR B S 10 5, AR Hi o

R IR o S PRERIT o O PR UERE P AL PR B B — EOE,
VA HUBR B ST BT 1L S, DR TR CRRRTORI AR A A T R I B R R — 2P
DASKAE il AL B B P A RORAK B TAE AR 583

Automatic Pretreatment Methods for Determination of Total Organic
Carbon in Sedimentary Rocks

XU Zhichao', SUN Weilin'", WANG Xiaofang®, YANG Jiajia', SHEN Bin', XU Xuemin',
ZHANG Xiaotao', QIN Jing'

(1. National Research Center for Geoanalysis, Beijing 100037, China;
2. Beijing Baode Instrument Co., Ltd., Beijing 100233, China)

HIGHLIGHTS

(1) Two automatic pretreatment methods for the determination of TOC were established based on an automatic
pretreatment instrument.

(2) Both of the automatic pretreatment methods could achieve better data quality and higher test efficiency.

(3) The activity of chloride ion was introduced to be a quantitative monitoring indicator for the end point of rinsing
samples.

Automatic:
Removed inorganic carbon with

hydrochloric acid solution
4 times in 2h at 60°C

Manual:
Once per 30min
Repeate 40-50 times I

Replaced

Rinsed sarmples with distilled water
Mode A: without vacuuming
Mode B: with vacuuming

!

a(C1 )decreased 100
to target value

Automatic pretreatment instrument for

' ' TOC in sedimentary rock(TOC-AP80) l

N - Manual
10000 « Suto mode A
A ~Suto mode B

CS porcelain crucible
(permeable)
Hydrochloric acid solution

or distilled water
sample

1000

a(CI)(107 mg/g)

0 10 20 30 40 50 60
Rinsed times.

Dryed samples at 60°C
Prepared samples for CS instrument

Acidic  Neutral

ABSTRACT

BACKGROUND: Total organic carbon is the primary indicator to measure the abundance of organic matter in
source rocks. It is of great practical significance to achieve the measurement of TOC accurately and efficiently. In
the whole process of determination of TOC, a manual pretreatment method was usually used to remove the
inorganic carbon with hydrochloric acid, which has become the primary factor restricting the overall testing
efficiency because of its long pretreatment cycles and chloride residues. The effects of parameters such as
dissolution time had been studied, however, the systematic pretreatment methods had not yet been developed and

the efficiency of pretreatment had not been substantially improved.
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OBJECTIVES: To improve the effect and efficiency of sample preparation for TOC test.

METHODS: (1) To establish automatic pretreatment methods, a set of parameters were established. Dosage, rate,
and interval of liquid addition were introduced to ensure stable operation, while reaction period and the activity of
chloride ion were introduced to control the direction of the program automatically. (2) According to the pretreatment
process specified in GB/T 19145—2022, the two pretreatment methods were validated using national reference
materials and quality control samples with various lithologies and TOC levels. (3) Further comparison of two
automatic pretreatment methods and a traditional manual method were conducted. Then, the activity of chloride ion

was suggested to be a quantitative monitoring indicator for the end point of rinsing samples.

RESULTS: (1) The established automatic pretreatment methods were verified to be reliable and effective. The test
data showed that the overall recovery of the two automatic pretreatment methods was 96.23%-102.12%, and the
relative standard deviation was 0.37%-3.23%. Both of the automatic pretreatment methods met the quality control
requirements of data accuracy, repeatability and reproducibility. (2) The automatic pretreatment period was
significantly reduced to 4-6h per batch compared with 22-36h of the manual method. This could be attributed to two
factors, one was the shortened single rinsing cycle because of the local negative pressure around each crucible, the
other was the faster approach to the target value for both pH and «(CIl") in automatic pretreatment methods (Fig.4).
(3) The activity of chloride ion a(Cl) was introduced to be a quantitative monitoring indicator for the end point of
rinsing samples, since it was not only more sensitive to changes in rinsed times than pH, but also better at
monitoring the content of soluble chloride in samples and reducing the negative impact of residual chloride

effectively.
CONCLUSIONS: The two established automatic pretreatment methods could be replaced from the manual method

for sample preparation in TOC test owning to better data quality and higher test efficiency. The activity of chloride
ion was suggested to be a quantitative monitoring indicator for the end point of rinsing samples.

KEY WORDS: automatic pretreatment methods; TOC; method validation; the activity of chloride ion; sedimentary

rock
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