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Volatile organic acids generated from kerogen during
laboratory heating™*
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Low molecular weight organic acids were studied in the course of pyrolysis experiments (200-400°C,
'2-1,000h) of kerogen {Green River Formation and Monterey Formation) with and without the presence
of water and minerals (montmorillonite, illite and calcite). C,-C,, aliphatic acids and benzoic acid were
identified in the pyrolysis products of kerogen. Their distribution is characterized by a dominance of
acetic acid followed by formic and propionic acids with an even/odd preference in the range of C4-Cyq.
Total concentrations of these acids amounted to 0.3% of initial kerogen, indicating that kerogen has a
good potential for producing organic acids. Geochemical implications of these organic acids are; (1) they
are possible intermediates from kerogen to natural gas (CO,, H;, CH,, C.Hg, etc.) by decarboxylation,
and (2} they may be important and potential contributors to the generation of secondary porosity by dis-

solving minerals.
INTRODUCTION

Since C,-C; monocarboxylic acids were
found in oil-field waters (Carothers and Khara-
ka, 1978), low molecular weight organic acids
(LMWOA) have been considered to be a source
of natural gas by decarboxylation (Kharaka ef
al, 1983} and as possible contributors to genera-
tion of secondary porosity by dissolving car-
bonates and aluminum silicates (Surdam ef al.,
1984). These organic acids are considered to
originate from organic geopolymers (kerogen)
by diagenetic reactions (Carothers and Kharaka,
1978). The search for LMWOA in the products
of laboratory heated kerogen (Green River
Formation, at 100°C for two weeks in distilled
water) was first conducted by Surdam et al
(1984). They detected two acids; acetic acid
and oxalic acid, using ion chromatography. The
amount of oxalic acid was 0.6mg/g-kerogen,

but that of acetic acid was not reported (Surdam
et al,, 1984). The authors suggested that kero-
gen may be a potential source of organic acids
found in sediments and oil-field waters.

Other laboratory experiments have shown
that concentration of carboxylic acids (>C,;;)
increased upon heating Recent sediments
(Baedecker ef al, 1977, Harrison 1978; Kawa-
mura and Ishiwatari, 1981; 1982). Those acids
were considered to be released from kerogen
and humic materials. Kawamura and Ishiwatari
(1985) further showed that the concentration
of Cy, and C,; acids increased preferrentially
over longer chain acids, suggesting that the
shorter chain acids are released from sediments
during heating.

With the exception of Surdam er al (1984)
demonstration that acetic acid was released, the
distribution of short-chain monocarboxylic acids
(C,-C,s) has not been reported, possibly owing
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to analytical difficulties.  Here, we report
distributions of C,-C,, monocarboxylic acids
derived from dry and hydrous pyrolysis of kero-
gen at 200-400°C for 2-1,000 hours with and
without minerals. The organic acids were deter-
mined as p-bromophenacyl esters using high
resolution capillary gas chromatography.

EXPERIMENTAL

Green River Formation (Eocene) shales
(freshwater origin, Type I kerogen) and Mon-
terey Formation (Miocene) shales (marine, Type
Il kerogen) were used in this study. The organic
geochemistry of these petroleum source rocks
has been well studied previously (e.g., Kven-
volden, 1968; Curriale et al, 1985) and more
recently in our laboratory (Tannenbaum and
Kaplan, 1985a, b). Kerogen was prepared by a
method described in Tannenbaum and Kaplan
(19852a). Briefly, sedimentary rocks were
crushed, powdered and extracted with a CH,Cl,/
methanol (1:1) mixture to remove the bitumen.
The residue was demineralized with HC1 and HF.
The kerogen was washed with water and ex-
tracted with CH,Cl,/methanol (1:1). The ash
content of the kerogen was 2.3% (Green River)
and 10% (Monterey). One-half to one gram of
kerogen was sealed in a pyrex tube with and
without minerals (montmorillonite, illite and
calcite) and then heated at 200-400°C for 2-
1,000h (Tannenbaum and Kaplan, 1985a).
The kerogen to mineral weight ratio was 1:20.
Kerogen controls with and without minerals
were also run in a same way (300°C, 100h).
Green River kerogen (0.3-0.5g) was also sub-
jected to hydrous pyrolysis with Sml of distilled
water.

After taking gas samples from the pyrex
tube for gas analysis (Tannenbaum and Kaplan,
1985a), the heated kerogen was extracted with
CH,Cl,/methanol (9:1) using a Soxhlet ap-
paratus. The extracts (bitumen fraction) were
concentrated to 2-4ml using a rotary evaporator
and a nitrogen flow. An aliquot of the bitumen
(50 or 100ul) was diluted with 5mi CH,Cl, in a
20ml test tube with a teflon-lined cap and back-

extracred with a 0.005M KOH solution (5ml X
3). The back-extracts containing low molecular
weight carboxylic acids were pH-adjusted to 8.5
with 1M HCl solution and passed through a
cation exchange column (Bio-Rad AG 50W-X4,
100-200 mesh K* form). After being dried with
a rotary evaporator and a nitrogen flow, the
carboxylates (RCOO"K"*) were derived to p-
bromophenacyl esters with e,p-dibromoaceto-
phenone (reagent) and dicyclohexyl-18-crown-6
(catalyst) in an acetonitrile solution (4ml) at
80°C for one hour. The esters were purified on
a micro column packed with silica gel (Bio-Sil A,
200-400 mesh) prior to GC analysis. A Hewlett-
Packard Model 5840 gas chromatograph using a
0.25mm X 30m DB-5 fused filica capillary
column and equipped with an FID and a
Hewlett-Packard integrator (18850 A GC ter-
minal), and a Finnigan Model 4000 GC-MS with
an INCOS 2300 data acquisition and interpreta-
tion system were used for identification and
quantification. The details of ester derivatiza-
tion, purification and GC analysis are presented
elsewhere (Kawamura and Kaplan, 1984).

The recoveries of authentic C,-C; mono-
carboxylic acids added to CH,Cl, solvent (5ml)
are greater than 90% with an error of less than
23% for any single compound. Procedual blank
levels are usually less than 10% of the actual
samples. To minimize the contamination, KOH
pellets were washed with methanol and com-
busted at 550°C for 3h and organic-free water
was prepared by oxidizing organic impurities in
distilled water with KMnQO,. Organic solvents
were re-distilled in all glass apparatus prior to
use. Authentic standards (C,-C; aliphatic, nor-
mal and branched chain moncarboxylic acids
and benzoic acid) were used for identification
and quantification. Data presented here are
corrected for procedural blanks.

RESULTS AND DISCUSSION

General distribution of organic acids

A typical gas chromatogram of LMWOA
released from Green River kerogen is presented
in Fig. 1 as p-bromophenacyl esters. A homolo-
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Fig. 1. Gas chromatogram of p-bromophenacyl esters of low molecular weight monocarboxylic acids released from

Green River kerogen heated ar 300°C for 10k,

gous series of normal chain C,-C; acids, branch-
ed chain iC,, iCs and iCy acids and benzoic acid
were identified by comparing GC retention
times and MS fragmentation patterns with those
of authentic standards. A mass spectrum of
acetic acid p-bromophenacyl ester is shown in
Fig. 2, as an example. The acetic acid ester
shows a characteristic base peak at m/z 183/185
(COC¢H,Br) with a molecular ion peak at m/z

256/258. The unigue isotopic patterns result
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Fig. 2. E. I mass spectrum of acetic acid p-bromo-
phenacyl ester from kerogn.

from the relative abundance of "Br (50.52%)
and ®'Br (49.48%). Mass spectra of authentic
acid p-bromophenacyl esters are presented
elsewhere (kawamura and Kaplan, 1984). C,-
C,o acids were tentatively identified by charac-
teristic mass fragments (M-213) of their esters.

As seen in Fig. 1, acetic acid is the most
abundant followed by formic acid and propionic
acid. Between C, and C,, acids, an even/odd
preference appears to exist, except for C, acids,
which is relatively more abundant than its
adjacent neighbors (see Fig. 1). Except for
acetic acid (Surdam et al, 1984), these mono-
carboxylic acids have not previously been
reported in pyrolysis products of kerogen.
Although C,-C, dicarboxylic acids were de-
tected in the products of one heated kerogen
sample (Monterey Formation; 300°C, 100h,
bitumen fraction) where succinic acid was most
abundant, reliable quantitative data are not
available because these diacids are not efficiently
extracted from the heated kerogen by the pro-
cedures used here and their analysis must be
performed by different methods.

Concentrations of individual C,-C,, mono-
carboxylic acids for several samples are pre-






