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Abstract-Organic matter presenl in d ayey sedimenls may acl as a cement belween the day partides as weil as a blocking 
agent for Ihe swelJing of day minerals like montmoriIJonite. 

Removal of the organic matter is important when a day sampie is to be characterized by X-ray powder diffraclion , or 
when it is to be separated into the composing minerals on the basis of differences in density. 

Eight different methods for Ihe removal of organic matter from a North Sea day sampie have been studied. Of all 
methods tried bromine oxidation was found to be the most effective. 
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EXPERIMENTAL METHODS 

To study the effectiveness of various methods for the 
removal of organic matter from a North Sea clay sam­
pIe , the carbon percentages and X-ray powder diffrac­
tion patterns were compared before and after removal 
of the organic matter. 

Pretreatment of the clay 

The pretreatment of the c1ay sampIe consisted of the 
removal of carbonate in a sodium acetate-acetic acid 
buffer (pH = 5), followed by extraction of free iron 
with sodium dithionite and sodium citrate following 
Holmgren (1967). This pretreatment is necessary, be­
cause carbonates and iron (as oxide and hydroxide) can 
act as a coating and as a cement. Moreover , organic 
carbon determinations cannot be made without such 
pretreatment. The fraction < 0.5 JA- of the pretreated 
sampIe was separated with a centrifuge and freeze­
dried. 

Methods for the removal of organic 
matter from clay 

All sampIe treatments were carried out on 0.4 g ofthe 
homogenized, pretreated, fractionated , and freeze­
dried sampIe. After the reactions aU sampIes were thor­
oughly washed with distilled water and saturated with 
Ca ions before X-ray powder diffraction. 

The following methods for the removal of organic 
matter were applied: 

1) Oxidation by activated oxygen in a Tracerlab Low 
Temperature Asher type S.A. 33 during 16 hr. RF 
power 200 watts. 

2) Oxidation in 200 ml 0.1% sodium permanganate in 
water (Dümmler and Schroeder, 1965) during 2 hr 
at 40°C. After this the sampIe was washed with 1 N 
oxalic acid in water to remove manganese dioxide 
residues. 

3) Oxidation by bromine (Mitchet and Smith, 1974). 

The sampIe was treated during 2 hr at 40°C with a 
freshly prepared mixture of 150 ml 5% sodium car­
bonate and 50 ml of a saturated solution of bromine 
in water (pH = 7). 

4) Oxidation by sodium hypobromite (Troell , 1976). 
The sampIe was treated for 2 hr at 25°C with a freshly 
prepared solution of 2.5 ml bromine in 100 ml 1 N 
NaOH in water; then another 100 ml of this solution 
was added, and 2 hr later the reaction was stopped. 
The reaction takes place at pH = 12, which implies 
that some clay minerals may be partIy dissolved. 

5) Extraction by al: 1 mixture ofO.5 N NaOH in meth­
anol and benzene (Farrington and Quinn, 1971) , in 
which the sampIe was refluxed during 2 hr. After 
this , the sampie was washed with ethanol. 

6) A vigorous hydrogen peroxide oxidation. During 2 
hr the sampIe was treated at 90°C in 100 ml of a 20% 
hydrogen peroxide solution. 

7) AgentIe hydrogen peroxide oxidation. During 24 hr 
the sampIe was treated at 25°C in 200 ml of a 5% 
hydrogen peroxide solution. 

8) TripIe extractions of 1 hr each at 25°C in 100 ml of 
a 1: 1 mixture of carbon disulfide and ethanol (de 
Lange , 1976). After this the sampIe was washed with 
ethanol. 

X-ray analysis 

Of the pretreated sampIes about 40 mg was con verted 
into a corresponding "Ca-clay" by washing the sam­
pIes with a saturated CaCI2 solution. These "Ca-clays" 
were oriented from a suspension on a slab of ceramic 
materiaJby suction (Dümmler and Schroeder, 1965). 
The 00 1 reflections of the sampIes were measured from 
28 = 3°_16° under the following experimental condi­
tions: I) saturated with glycerol ("GL Y"), 2) saturated 
with water (" H20"), 3) dried in air (65% relative hu­
midity) (" ADR" ), 4) at lowered pressure , 0.7 cm Hg 
("0.7 Hg" ), and 5) after heating the sampIe at 350°C 
during 0.5 hr ("350" ). CoK.,1,2 radiation (A = 1.7902 Ä) 
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Fig. 1. X-ray dilTractograms of a pretreated cJay sampIe before and after applying the most elTective melhods for removal of organic material. 

was used. The goniometer was supplied with a vacuum 
housing and a graphite monochromator. 

Carbon analysis 

The carbon analysis was carried out in a Coleman 
Carbon Hydrogen Analyzer, type 33 , on 40-100 mg of 
the freeze-dried sample. 

EXPERIMENTAL RESULTS 

All the results of the various methods are summa­
rized in Table 1. From top to bottom the table shows: 
the relative intensity of the montmoriJIonite 002 peak 
with regard to the montmorillonite 00 1 peak (corrected 
for the chlorite 001 peak), for the sampIes saturated 
with water (H2ü '(02/1001 ) (I) and (GL Y '002/100 ,) (Il); 
the increase of the intensity of the IO A peak (IIl) (with 
regard to the air dry sample) , .iI" IOA" = 1(350) -
I(ADR)/I(ADR) , as a result ofthe dehydration of mont­
moriUonite after the heat treatment at 350°C during 0.5 
hr. Montmorillonite blocked by organic matter does not 

collapse; the doOl spacing values (A), corresponding 
with the peak maxima of the montmorillonite 001 re­
ftections, were measured for the sampies saturated with 
water (doo ! H2ü) (IV), with glycerol (doo ! GLY) (V), and 
at lowered press ure (0.7 cm Hg) (doo] 0.7 Hg) (VI); the 
carbon percentage (VII). 

For a clean , water- or glycerol-saturated montmoril­
lonite one may expect a higher relative intensity of the 
002 peak than for montmorillonite partiaJly blocked by 
organic material. For the sampies saturated with water 
only, the sam pies which had been treated with bromine 
and with hypobromite exhibited a strong enhancement 
of the relative montmorillonite 002 peak as compared 
with the pretreated sampIe, just like the sampIes satu­
rated with glycerol. 

The greatest enhancement of the 10 A peak was 
found in the sampIe extracted with sodium hydroxide 
in methanol and benzene, followed by a smaller en­
hancement for the sampIes treated with bromine, hy­
pobromite , and activated oxygen. A montmorillonite 
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Table I. X-ray diffraction and carbon content data of a clay sampie before and after applying various methods for removal of organic matter. 

pre- Low NaMn04 
treated Temp. 

Asher 

H20
1OO2/ 1001 0,04 0,09 0,05 

11 GLy
l 002l 1001 0,14 0,25 0,05 

111 IIII0~11 1,2 1,8 0,4 

IV d001 (~) , H20 14,41 14,37 14,25 

V d001 (~) , GLY 14,37 17,69 14,25 

VI d 001 (~) , 0,7 Hg 12,83 14,10 12,77 

VII %C 6,1 1,8 4,3 

saturated with water will swell until a d001 value of at 
most 18.9 A is reached (Brown, 1961); only the sampies 
treated with bromine and hypobromite show this. 

Saturation of a clean montmorillonite with glycerol 
results in a dOOl value of about 17.7 A at most (Brown, 
1961); only the sampies treated in the low temperature 
asher, or with the bromine and hypobromite showed 
this. When the diffraction pattern of a clean montmo­
rillonite is measured at lowered pressure (0.7 cm Hg), 
the dOO1 value will be about 11.40-11.90 A, depending 
on the montmorillonite measured. Only the sampies 
treated with bromine and hypobromite showed a de­
crease of this size. 

As an illustration of the different nature of the sam­
pies, the diffraction patterns of the pretreated sampie, 
and ofthe sampies after the bromine, the hypobromite, 
the low temperature asher, and the vigorous hydro­
gen peroxide treatment, are shown in Figure 1. 

According to the carbon percentages of the sampies , 
the removal methods can be separated into two groups, 
one removing at most 300/cJ of the carbon present in the 
pretreated sampie, and a group removing about 70% of 
the carbon. The low temperature asher, the bromine, 
the hypobromite, and the vigorous hydrogen peroxide 
treatment remove about 700/cJ each. 

DISCUSSION 

Remarkably, the X-ray analysis is a more sensitive 
method to check the cleanness of montmorillonite than 
the determination of carbon. The low temperature ash­
er oxidation resulted in a montmorillonite sensitive 
only to saturation with glycerol and dehydration, while 
the so widely used vigorous hydrogen peroxide oxida­
tion had nearly no positive effect on the montmorillon­
ite blocked by organic material. The latter method, 
however, destroyed a considerable part of the mont­
morillonite, which is possibly enhanced by the pres­
ence of organic material (Douglas and Fiessinger, 
1971). The results of the bromine and hypo bromite 

Br2 NaBrO NaOH in H202 H202 C.S2 
methanol/ 

vigour. gentle 
In 

benzene ethanol 

0,16 0,11 0,02 0,08 0,03 0,07 

0,35 0,33 0,05 0,10 0,02 0,13 

1,6 1,8 2,3 0,9 0,9 1,2 

18,65 18,52 14,66 14,35 14,25 14,58 

17,75 17,81 15,18 14,37 14,25 14,58 

11,75 11,99 12,99 12,59 13,26 12,83 

1,8 1,8 4,2 1,6 5,0 5,4 

treatment were very similar, the only exception being 
the montmorillonite 001 peak for the sampie saturated 
with water, which was more sharply defined after the 
bromine treatment than after the hypobromite treat­
ment. This suggests a cleaner internal surface of the 
montmorillonite after bromine treatment. 

The carbon percentage found after the bromine oxi­
dation (1.8%), may in part be caused by carbonates ad­
sorbed from the sodium carbonate solution. Carbonate 
removal with a sodium acetate-acetic acid buffer after 
the bromine oxidation lowered the carbon percentage 
to 1.2%. Because the carbon content ofthe original pre­
treated sampie is 6.1%, even the most effective removal 
method left about 200/cJ of the noncarbonate carbon in 
the sampie. 

CONCLUSION 

Of all methods tried for the removal of organic matter 
from clay, bromine oxidation was the most effective. 
This result should be considered as somewhat prelim­
inary because only one clay sampie from one environ­
ment of deposition was tested. 
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Pe3roMe- OpraHHqeCKOe Be~eCTBO,npHCYTCTByro~ee B rnHHHCTNX OTnO~eHHflX MO~eT 
BeCTH ce6fl KaK ueMeHT Me~y rnHHHCThlMH qaCTHUaMH H KaK 6nOKHpyro~Hß ~aKTOp 

~nfl pa36yxaHHfl rnHHHCTNX MHHepanOB no~06HNX MOHTMopHnnOHHTY. 
y~aneHHe OpraHHqeCKOrO BemeCTBa Ba~Ho,Kor~a rnHHHCT~ o6pa3eu xapaKTepH-

3yeTcH nopOillKOBhlM MeTO~OM peHTreHOCTPYKTYPHoro aHanH3a HnH Kor~a erD He06-
XO~HMO pa3~enHTb Ha COCTaBnmOmHe MHHepan~ Ha OCHOBe pa3nHqHÜ B nnOTHOCTH. 
B~o H3YQeHO BoceMb pa3nHQH~ MeTO~OB y~aneHHfl OpraHHQeCKOrO Be~eCTBa H3 

rnHHHCTNX 06pa3uoB C CeBepHoro MOpfl. B~o 06Hapy~eHO,QTO Bce MeTo~~,HC­
nonb3yromHe 6poMHoe oKHcneHHe,flBnflroTcH HaH60nee 3~~eKTHBHhlMH. 

Kurzreferat- Organisches Material in tonartigen Sedimenten kann sowohl als 
Bindemittel zwischen Tonteilchen,wie auch als Quellblockierungsmittel für 
Tonmineralien wie Montmorillonit wirken.Das Entfernen des organischen Mate­
rials ist wichtig, wenn eine Tonprobe durch Röntgenpulverdiagramme untersucht 
wird oder,wenn die Probe in die zugehörigen Mineralien getrennt werden soll, 
auf der Basis der unterschiedlichen Dichten.Acht verschiedene Methoden für 
die Entfernung von organischem Material von einer Nordseeprobe wurden unter­
sucht.Von allen versuchten Methoden,Bromoxydation war die effektivste . 

Resume-La matiere organi que presente dans des s ediments argileux peut 
agir comme un ciment entre les particules d'argile.ainsi que comme un 
agent bloquant l'expansion de mineraux argileux comme la montmorillonite . 
ll · est important que la matiere organique soit retiree d'un echantillon 
d'argile quand ce dernier doit etre caracterise par diffraction aux ra­
yons- X,ou quand il doit e tre divise d'apres les mineraux qui le compo­
sent sur la base de diffe rences de densite.Huit methodes differentes ont 
et e etudiees pour retirer la matiere organique d 'un echantillon de la Mer 
du Nord.L'oxidation ä la bromine etait ,de toute s les methode s essayees. 
la plus efficace. 
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