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Abstract The ability of H,SO, — activated clays to decolorize oils can be enhanced by satura-
ting them with appropriately selected organic compounds of the amine type. These compounds coat
the surfaces of clay minerals, combining simultaneously with the molecules of colouring matter present
in oils. It has been found that the interlayer surface of smectites does not participate in the decolorization
of oils.

INTRODUCTION

Clay minerals form hybrid complexes of variable properties with a great number
of organic compounds (Theng, 1974). These complexes find application in several
fields of technology.

Organic compounds can be sorbed on both the external and internal (inter-
layer) surfaces of smectites. Compounds of large molecular size are sorbed only on
the external surfaces. When the sorption takes place in the interlayer spaces, they
replace exchange cations and/or interlayer water molecules.

It is to be expected that the coating of the surface of clay minerals with appro-
priately selected organic compounds will enhance their bleaching properties be-
cause the molecules of such a compound will form an intermediate layer reacting
with the adsorbent surface on one hand and, on the other, combining with the ad-
sorbate molecules, i.e. with the colouring matter present in substances refined with
active earths (Stoch et al., 1975).

The organic compounds introduced into the interlayer spaces expand them,
rendering them accessible to other compounds of large molecular size, of the type
of colouring matter.
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EXPERIMENTAL

The experiments aiming to test the usefulness of organic compounds as agents
enhancing the bleaching ability of active earths were carried O}It on clay denvgd
from the overburden layer of a sulphur deposit in the Machow mine. Its main
constituents are montmorillonite, illite and chlorite. The mineralogical compo-
sition of this clay and the studies of its activation with sulphuric acid were presented
in earlier papers (Stoch et al., 1977, 1979). :

The experimental material was the fraction < 10 pm, separated from this
clay. It was treated with 16 %, sulphuric acid solution at 95°C for 3 hours. Th; acti-
vated clay was then saturated with the following organjc compounds : N N-dmthyl
-p-phenylenediamine hydrochloride, L-cysteine, safranine T, methyl v_lolet, diethyl-
amine hydrochloride, ethylamine hydrochloride. 29, aqueous solutions (_)f these
compounds were prepared and mixed with clay in such proportions that the dissolved
matter made up 20 wt. %, of the clay. :

In another experimental series, the acid-activated clay was converted into
the sodium form prior to its saturation with organic compounds. In each case the
excess reagent was carefully washed off, and the samples were subjected to X-ray
and infrared absorption spectroscopic investigations to determine the mode of
binding of the organic compounds to clay minerals. Then the decolorizing action
of these samples on sulphur, rape oil and P-3 inorganic oil was investigated'.
Bleaching earth was introduced into these substances in an amount of about
1 wt. %

/o

RESULTS
X-ray dnvestigations

Changes in the interlayer spacing d,,, in response to the saturation of the clay
with an organic compound indicate the manner of filling of interlayer spaces of
smectite with the molecules of this compound. The magnitude of these changes
is expressed by the difference in 00/ interplanar spacing of unsaturated mont-
morillonite (d = 15.4) and montmorillonite saturated with a specified organic com-
pound. Data referring to the organic compounds under study are listed in Table 1
whereas changes in the position of the 00! lines are shown in Figure 1. As appears
from these data, the sorption of organic compounds is attended by the reduction in
the interlayer spacing of montmorillonite from the Machoéw clay. The greatest
contraction is caused by safranine and methyl violet. The marked contraction of
the crystal lattice of montmorillonite indicates that when the compound is intro-
duced into the lattice, water is simultaneously removed from the interlayer spaces.
Samples in the sodium form show greater contraction, which evidences that the
interlayer spaces are better filled with organic molecules.

Infrared absorption spectroscopy

Infrared spectroscopic analysis permits ascertaining whether the sorption of
organic comounfis has taken place in the interlayer spaces of montmorillonite.
Moreover, the infrared spectrum provides information whether, and to what

! Studies of the decolorization of sulphur, rape oil ¢ i
. rape oil and P-3 oil were made at the Research and Develop-
ment Centre of Sulphur Industry ..Siarkopol’” in Machéw near Tarnobrzeg. " . 4
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Tabterl
d,,, values and changes (4) of d,,, for montmorillonite from the fraction < 10 pm of the miocene clay
from Machéw, saturated with organic compound

Sample
No Organic compound Qass Ad Remarks
0 non-treated clay material 15.4 0.0
1 N, N-diethyl-p-phenylenediamine 15.2 —-0.2 removing of water
hydrochloride ;
1-Na Na-form 14.9 -0.5 removing of water
2 L-cysteine 15.9 +0.5
2-Na Na-form 14.9 -0.5
3 methyl violet (10.5) (—4.9) removing of water
9.8 —5.6
3-Na Na-form (10.5) (—4.9) removing of water
9.8 —-5.6
4 diethylamine hydrochloride 13.2 —-22 removing of water
4-Na Na-form . 13.1 —2.3 removing of water
5 ethylamine hydrochloride 12.8 =26 partial removing of
water
6-Na safranine T, Na-form 9.9 —35.5 partial removing of
water

extent, water has been removed from the interlayer spaces. The results can be
summed up as follows:

Samples saturated with N, N-diethyl-p-phenylenediamine hydrochloride. Both
samples yield nearly identical spectra (Fig. 2). Besides absorption bands belonging
to the mineral component of the samples, there occur bands owing to the presence
of hydrochloride. Its absorption bands are centered close to 1520 em™* (N—H
bending vibrations), 835, 860, 1400 cm™' (C—H vibrations). A comparison of
the spectra reveals that hydrochloride is more intensely sorbed by the sample in
sodium form. This observation is also confirmed by the disappearance of the
1630 cm~! absorption band caused by vibrations of water molecules partly coordi-
nated by exchange cations. This also proves that the amine is incorporated in the
interlayer spaces of montmorillonite in ionic form, dislodging simultaneously the
interlayer water. :

Samples saturated with L-cysteine. Both infrared spectra are similar, but the
manner of L-cysteine sorption cannot be determined unequivocally. Absorption
bands arising from L-cysteine (730, 740, 840, 850, 1340, 1410, 1495, 1950 cm™ ')
are pronounced. However, the presence of the 1625 cm™! band (attributed to vibra-
tions of H,O molecules) suggests that the compound in question causes the organic
molecules to be bound to the outer surface of the mineral rather than to be ab-
sorbed in the interlayer spaces of montmorillonite.

Samples saturated with methyl violet. Methyl violet combines extensively with

_the clay, which is evidenced by the intensity of the absorption bands produced
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Fig. 1. X-ray diffraction patterns of Gl T O e wac,,,y—%gg

<10 pm fraction of the clay from Ma- :

chéw saturated with various organic Fig. 2. Infrared absorption spectra of <10 pm fraction
compounds of the clay from Machoéw saturated with various

04 Sawmple dtreated il 69/ 51 SO for organic compounds (symbols as in Fig. 1)

3 hr. ] —6 — samples treated with 16%, H,SO,

for 3 hr and then saturated with: / — N,

N-diethal-p-phenylenediamine hydrochloride,

2 — L-cysteine, 3 — methyl violet, 4 — die-

thylamine hydrochloride, 5 — ethylamine

hydrochloride, 6 — safranine

by this substance, i.e. 725, 745, 765, 835, 1300, 1368, 1488, 1590 cm™!. Methyl
violet is sorbed in the interlayer spaces in cationic form, displacing the exchange
cations and water molecules. The 1630 cm™! band from water is virtually imper-
ceptible in the spectrum.

Sample saturated with diethylamine hydrochloride. 1t can be inferred from the
spectra that the sorption of this amine proceeds in the interlayer spaces of mont-
morillonite. This process is attended by the removal of water from the interlayer
spaces. In the case of the sample in Na form, the degree of water removal is higher
(almost complete disappearance of the 1630 cm-! band). It appears then that it
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facilitates the introduction of the organic cation into the interlayer spaces of mont-
morillonite.

Sample saturated with ethylamine hydrochloride. The amount of sorbed amine
seems to be inconsiderable as there are no pronounced absorption bands that
could be attributed to this compound. Besides, the 1630 cm™! band, ariding from
H,O molecules, is still visible in the infrared spectrum, and this implies that water
has not been completely removed from the interlayer spaces.

The spectrum of the clay in Na form displays intense absorption bands produced
by safranine at 830, 1295, 1330, 1425, 1490, 1532 and 1645 cm™!. The latter band
strongly coincides with the 1630 cm™! band from water molecules, which makes it
difficult to determine the degree of removal of water molecules from the interlayer
spaces.

From the above inveatigations it is evident that the organic compounds, added
to the H,SO, -activated clays from Machow in order to enhance their bleaching
ability, combine with montmorillonite present in these clays. In most cases, they
enter the interlayer spaces in cationic form and, removing partially or completely
water and exchangeable cations, form organo-mineral complexes. The sorption of
organic compounds is particularly intense when the clay has been converted into
the sodium form prior to saturation.

Bleaching properties of organo-mineral complexes

The formation of organo-mineral complexes enhances considerably the ble-
aching ability of sulphuric-acid activated clays with respect to rape oil (Tab. 2),

Tablie 2
Bleaching properties of the fraction < 10 pm of the miocene clay from Machow, saturated with organic
compounds
Sample : Degree of bleaching in (%
No Organic compound
rape oil P-3 oil sulphur
0 : activated clay by 16% H,SO, 43.7 64.3 74.8
1 N, N-diethyl-p-phenylenediamine 67.8 38.6 55.4
hydrochloride
1-Na Na-form 71.4 8313 56.8
2 L-cysteine 78.7 432 78.4
2-Na Na-form 78.7 38.0 594
3 methyl violet 75.0 38.6 51.0
3-Na Na-form 75.0 47.6 33.9
4 diethylamine hydrochloride 67.7 53.6 60.0
4-Na Na-form 61.8 50.0 64.7
5 ethylamine hydrochloride 77.8 27,3 78.8
6-Na safranine T, Na-form 78.7 41.4 Sl
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Table 3

Specific surface area and pore volume of the fraction < 10 pm of the Miocene
clay from Machéw saturated with organic compouds

Specific surface Pore volume
N 1 it

S:’Y;Pc Organic compound are (eld) NemY(AD)g
2 L-cysteine 150.5 50

4 diethylamine hydrochloride 21255 51

5 ethylamine hydrochloride 362.9 115
6-Na safranine T, Na-form 3.7 0

which amounts to 78% (L-cysteine, safranine, ethylamine hydrochloride). The
addition of organic compounds little affects, on the other hand, the decolorizi_ng
ability of clays with respect to P-3 mineral oil. Except for L-cysteine and ethylamine
hydrochloride, the compounds used deteriorate significantly the ability of clays
to decolorize sulphur.

BET measurements of the specific surface area and pore volume from argon
sorption (Tab. 3) revealed that they vary over a wide range, depending on the kind
of compound saturating the interlayer spaces of montmorillonite. However, no
relationship has been found to exist between the size the specific surface area and
the ability of clays saturated with organic compounds to decolorize oils or sulphur.
This fact implies that most of the surfaces covered by argon molecules do not parti-
cipate in the bleaching process.

DISCUSSION

Both the results of the present experiments and the earlier studies (Stoch et al.,
1979) imply that the refining of sulphur and oils involves the sorption of the
constituent hydrocarbons on the external surfaces of clay minerals. By coating
the surface of clay minerals, particularly of montmorillonite, with molecules of
an appropriately selected organic compound of the amine type, their decolorizing
ability can be enhanced. The bleaching properties are presumably enhanced by
those compounds whose molecules are bound to the surface of clay minerals on
one hand and, on the other, have the ability to combine with molecules of the
compounds which give the colour to the substance being refined. L-cysteine,
methyl violet, ethylamine hydrochloride and safranine appeared to be the suitable
amines for rape oil.

As the amines in question become incorporated in the interlayer spaces of
montmorillonite, they either increase the interlayer spacing (dy,) and retain inter-
layer water molecules (L-cysteine), or reduce the d,,, and cause the interlayer water
to be removed (methyl violet, ethylamine hydrochloride). Safranine, on the other
hand, causes not only the removal of water but also a complete breakdown of the
structure of montmorillonite (dy,, = 9.9). Nevertheless, the clay saturated with
safranine decolorizes rape oil in the same degree as L-cysteine. This fact shows
that the interlayer spaces of montmorillonite do not participate in the sorption of
oil-colouring matter.

The data listed in Tables 1 and 3 also permit one to make certain inferences
regarding the effect of the filling of the interlayer spaces of montmorillonite on
the size of the surface area accessible to argon molecules. The surface area increases
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depending on the kind of molecules occupying the interlayer spaces in the sequence :
L-cysteine, diethylamine hydrochloride, safranine, i.e. it increases with the de-
creasing interlayer distance and the attendant removal of water. In the case of
complete contraction of the lattice and the closing of interlayer spaces, which
phenomena are caused by the introduction of safranine molecules, the surface area
diminishes rapidly, and the BET pore volume equals zero..Then the interlayer
spaces become inaccessible to organic molecules.

From the above considerations it appears that no relationship should exist
between the specific surface area size determined from argon sorption and the
degree of decolorization of oils by clays saturated with exchange organic com-

pounds. The results of bleaching tests have, in fact, fully confirmed this hypo-
thesis (Tab. 2).
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WELASNOSCI ODBARWIAJACE ILASTYCH SUROWCOW
NIEBENTONITOWYCH I ICH MODYFIKOWANIE

1II. MODYFIKOWANIE WEASNOSCI ODBARWIAJACYCH G
ILOW KRAKOWIECKICH Z MACHOWA NIEKTORYMI ZWIAZKAMI ORGANICZNY MI

Streszczenie

Podjeto probe zwigkszenia zdolnosci odbarwiajacych itow krakowieckich
z Machowa, aktywowanych kwasem siarkowym, przez nasycanie ich zwiazkami
organicznymi typu amin. Jak si¢ przypuszcza wilasciwosci odbarwiajace ulegaja
polepszeniu pod wpltywem tych zwiazkow, ktoérych drobiny wiaza si¢ z jednej
strony z powierzchnia mineratow ilastych, z drugiej za§ maja zdolno$¢ taczenia
si¢ z drobinami zwigzkéw wywotujacych barwe rafinowanej substancji. Dla oleju
rzepakowego takimi aminami okazaly si¢ L-cysteina, fiolet krystaliczny, chloro-
wodorek etyloaminy i safranina. Substancje te wbudowujac sie w przestrzenie
migdzypakietowe montmorillonitu zwigkszaja odleglosci dy, 1 zatrzymuja drobiny
wody migdzypakietowej (L-cysteina) lub tez zmniejszaja d,,, i powoduja usunigcie
wody (np. fiolet krystaliczny i chlorowodorek etyloaminy). Safranina powoduje
natomiast nie tylko usunigcie wody, lecz rowniez catkowite zapadnigcie si¢ struktu-
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asycony nig it odbarwia jednak olej rzepakovyy
Dowodzi to, ze przestrzenie mlgdzypakle-
orpcji substancji barwiacych

ry montmorillonitu (dyy, = 9.9). Nas
w takim samym stopniu jak L-cysteina. .
towe montmorillonitu nie uczestnicza W procesie s
oleje. " . :
Dane zestawione w tabelach 1 i 3 pozwalaja rownoczesnie na poczynanic pew-
nych spostrzezen odnosnie wplywu obsady przestrzeni ln1¢dzypakletow§1 ‘mont-
morillonitu na wielko$¢ powierzchni dostepnej dla drobin argonu. Rosn_1e ona
w zaleznosci od rodzaju drobin, obsadzajacych przestrzeme Tm@dzypaklelt(,)we.,
w kolejnosci: L-cysteina, chlorowodorek dwuetyloan?ir.ly,.satramnzy W1§1kosp tej
powierzchni wzrasta wigc ze zmniejszaniem si¢ odleg{o$c1 miedzy _pal'(xe.t'c}ml izwiaza-
nym z tym usuwaniem wody. W przypadku catkowite] kontrakql‘ sieci i za_mkmgcxa
przestrzeni miedzypakietowej, wywotlanej wprpwz}dzemem drobin safraniny, wiel-
kos¢ tej powierzchni spada gwaltownie, a objetos¢ por wyznaczona metoda BET
wynosi zero. Przestrzen miedzypakietowa staje si¢ wowczas mgdost«;pr_la dla} (jrobln
organicznych. Nie powinna zatem istnie¢ zalezno§¢ pomiedzy w1el.koscu; po-
wierzchni wiasciwej, okreslonej na podstawie sorpcji argonu, a stopniem odba.r—
wiania olei przez it nasycony wymiennymi zwiazkami organicznymi. Potwierdzaja
to calkowicie rezultaty badan (tab. 2).

OBJASNIENIA FIGUR

Fig. 1. Dyfraktogramy frakcji < 10 pm itu z Machowa nasyconych réznymi zwiazkami organicznymi

0 — probka aktywowana 3 h 16-procentowym H,SO,; /—6 probki aktywowane 3 h 16-procentowym H,SO,,
a nastepnie nasycone: / — chlorowodorkiem N,N-dwuetylo-p-fenyleno-dwuaminy, 2 — L-cysteina, 3 —
fioletem krystalicznym, 4 — chlorowodorkiem dwuetyloaminy, 5 — chlorowodorkiem etyloaminy, 6 —
safranina
Fig. 2. Widma absorpcyjne w podczerwieni frakcji < 10 pm itu z Machowa nasyconych réznymi zwiaz-
kami organicznymi (oznaczenia jak na fig. 1)

Jlewek CTOX, Kwuwmod BAXPAHOBCKM, HOonuma EMRIMEC, Excer ®UA

OTBETUBAIOUWME CBOMCTBA
rMUHUCTOro HEBEHTOHUTOBOIO CbIPbA
N "X MOANDPULIMPOBAHMUE

1. MOANPULIMUPOBAHUE OTEBENMUBAKOLWN X CBOWCTB
KPAKOBELIKUX MNMMH C MAXOBA HEKOTOPbIMU OPFrAHUYECKUMMU
COEAUHEHUAMMU

Peszome

Beinu npeanpuHaTel nonbiTkw yBenuveHna otbenuearouwie cnocobHOCTM
Kpakoeeukux riuMH ¢ Maxoea, akTUBMPOBAHHBIX CEPHOW KMCNOTOW, MyTEéM Ha-
CBILUEHMA NX OPraHuHeckumm coeaMHeHnaMn TuNa ammHos. Kak npeanonaraercs,
oTbenuearolne CBOACTBA yNyYlIAIOTCA NOA BANAHUEM Tex coeAMHEHUI, Mone-
KyNbl KOTOPbIX CBA3BIBAIOTCA C NOBEPXHOCTHIO MIMHUCTBIX MWHEPAnoB ¢ OAHOMW
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CTOPOHbI, C APYrOi CTOPOHbI UMEIOT CNOCOBHOCTL COEANHATHLESA C MOneKynamm
COeAMHEeHWUN, BbI3bIBAIOLIMX OKPALUMBAHUE pacduHMpoBaHHOro gelectea. [ns
CynepHoro macna TAKMMW AMUHAMU oOkasanuce L-uucTenH, kpucrannsmoner,
XNOPUCTOBOAOPOAHBIN 3TUNAMUH U cabPAHUH. DTU BewecTsd, BCTPAUBAACH B
MEXNAKeTHOe MPOCTPAHCTBO MOHTMOPUNNOHNTA, yBENUUYMBAIOT PACCTORAHME oy
W 30AepXUBAIOT MOMeEKyNbl MeXNakeTHOW oAbl (L-uuctenH) nubo ymeHswaroT
dyo; Y BbI3LIBANOT yAANeHNe BOALI (HN. KPUCTANBUONET U XIIOPUCTOBOAOPOAHbIN
3TUnammut), CadhpaHuH BbI3bIBAET 30TO He TOMLKO yAdrieHne BOAbI, HO TaKXe
M COBepLIEHHbIN MPOBAN CTPYyKTYyPbl MOHTMOPUMMOHUTA (dyo; = 9.9 A). Ha-
CbILUEHHAA Heto rMHa oT6enusaeT OAHAKO, CyNepHOEe MACMO B TAKOM XKe CTeHeH U,
kak L-uuctenH. 3To pokazbiBaeT TO, UTO MexmakeTHOe NPOCTPAHCTBO MOHT-
MOPUINOHMTA He MNPUHUMAET y4dcTUA B Npolecce copbUPOBAHUSA BellecTs,
oTbenuearowmx macna.

AaHHble, npuesedeHHbie B Tabnuuax 1 u 3 paspewaroT OAHOBPEMEHHO MpoO-
M3BECTYU onpeaenéHHble HAbMIoAEHNA OTHOCUTENBHO BAUAHUA BbLIMOMHEHUS MeX-
MAKETHOro MPOCTPAHCTBA MOHTMOPUIINIOHUTA HA BENUYUHY MOBEPXHOCTH, AOCTY M-
HOW Ans Monekyn aproHa. OHa pacTéT B 3ABMCUMOCTM OT BUAG MOneKyn, Bbli-
NOMHAOLMX MexXNakeTHbIe MPOCTPAHCTBA, B OYePEAHOCTHU : L-uncTtenH, xnopuc-
TOBOAOPOAHLIN ABYSTUNAMUH, cADPAHMH. BennueHa 3Toil nosepxHocTH pacTéT
C yMeHbLUeHWeM PACCTOAHMA MeXAy NAKeTAMM CBA3GHHLIM C 3TUM yAdneHueMm
BOAbI. B criyuyde nonHOW KOHTPAKUMM ceTU M 3AKPLITUA MEXKMAKETHOrO Mpo-
CTPAHCTBA, BbI3BAHHOrO BBEAEHMEM MOMeKyN cadpAHMHA, BEMYMHA 3TOM Mo-
BEPXHOCTMU pe3KOo yMeHbludeTcs, A obbéM nop, onpeaenéHHbIn MeTogom BET,
coctaenseT Hynb. MexnakeTHoe NMPOCTPAHCTBO CTAHOBUTCA TOrAQ HEAOCTYM-
HbIM ANA OpraHuvecknx Monekyn. Takum obpasoMm, He AOMKHA CylLlecTBOBATH
3ABUCUMOCTb MEXAY BETMYMHON yAenbHOW MOBEPXHOCTH, ONpeAeléHHOM HA OCHO-
BAHMM cOpOUMM AProHa U cTeneHbto OTOENUBAHUA MACEN FMMHON, HACKILEHHOM
nepe4ncieHHbIMU OPraHUYEeCcKUMU COeAMHEHUAMU. DTO MOMHOCTHIO MOATBEPXK-
AQIOT pesynbTaThbl UcceAoBAHUs (Tab. 2).

OBBACHEHUE K ®UTYPAM

®ur. 1. AndpakTorpammel ppakumn <10 MkM rauHbI ¢ Maxosa, HACkILWEHHON PA3HBLIMU OpPraHuYec-
KMMU cOeaNHEHNUAMMU
0 — rnMHa akTUBMPOBAHHAA 3 Yac. 16-NPOUEHTHbLIM PAcTBOPOM H,SO,; 1—6 — rnuHbI aKTUBUPOBAHHBIE
3 yac. 16-npoueHTHbIM pacTeopom H,SO,, a 3aTem HacbilleHHbIe: T — XNOPUCTBIM soaopoaom N, N-asy-
3TUN-p-peHnn-aByaMnuHoM, 2 — L-uuctenHom, 3 — kpuctannsuonetom, 4 — XNOPUCTOBOAOPOAHBIM ABY-
3TUNAMUHOM, 5 — XNOPUCTOBOAOPOAHbLIM I3TUNAMUHOM, 6 — CApPAHUHOM

®ur. 2. UndpakpacHbie cnekTpbl dppakuun <10 MkM rnuHbl 13 Maxoea, HAaCkIWEHHOW pPasHbIMK Orpa-
HUYeCcKUMU coeAnHeHUaMMU (0Bo3HaueHus kak Ha puc. 1)



