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The nature of chemical bonding
between modified clay minerals
and organic waste materials

LAY MINERALoOrganics re-
actions have been studlied

extensively b’ way of in-
frared (IR) spectra,’"” x-ray diffrac-
tion.* and other physicochemical
methods, Many of these studies ex-
pluin the role of silicates, Inciuding
their dehydration, which subse-
quently cstalyzes the polymerizs-
tion of such as styrene,
Furthermore, there has been a con-
siderable amount of work done in
the areas of adsorption of organics,
Lewis acid-bese reactions, and ad-
duct formation between the clay and
the organic compounds. A review
of cll of these papers reveals the fol-
lowing:

{) In genersl, clays have aitemat-
Ing layers of slumina (hydrated) and
silica, with both tetrshedral and
" octahedral sites available o retin
organics. 2) For charge baisnce,
CGroup IA elements, such as Li*,
Nat,and K *, as weil as Group i1A
elecrents, zuch as Ce ¥ Mgt * end
Fa'*, zre usvaily pivsen Botfa.cn
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orgutic catioric srocks. Tuie 2: ~
stiution csuzes ihe clav IC oo e
ovgaonhilic in nature, 4) aner
aatemizaiion, the cisy can be used
slong with coment axi vi'ier com-
PouCiOs, suth 23 11y ash OF 2ag pow-
r. Glabons s Marayer, Analwieni Ser-
vices, and Emvironmersal Coorat.ador,
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der, in hazardous waste treatment
{the so-called “solidification” or
“encapsulation” technology).

Recently, it was shawn that there
Is more than one type of bonding
between the ciay mineral and the
organic waste® by infrared TCLP
(Tonicity Characteristic Leachats
Procedure), total extmaction, and
thermogravimetric analysis. These
studies cleasly indicate that there are
all kinds of weak to strong bonding
between the organics and the clay
minerals.

In order to determine the practi-
catity of the containment technol-
ogy. we have continued our investi-
gations using moce powerful tools,
such as differential scanning caiori-
metry (DSC) and gas chromatogra-
phy-mass spectroscopy (GC-MS),
in sddition 10 Pourler transform in-
frared (FTIR) and thermogravimet-
ric snalysis (TOA) lechniques. In
this paper, we present our coaclu-
slois dzavm on the basis of FTIR,
TOA, DSC, and GCT-MY retults,
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(Wichita, Kansas). Known amouats
of the organics (trichloroethylene,
chloroaniline, phenol, nitroben-
zene, and triethanolamine) were
treated with fixed amounts of HWT-
22 and wers allowed o cure al room
tempersture. The addition of ce-
menl, siag powder, and water was
svoided, since we did not wani: )
waler 10 mask the IR spectra, or 2)
the silicate hydration reaction o in-

lerfers with the clay mineral-organic -

reactions,
After 48 b, the samples were sub-

Jected to FTIR analyses wiih a Per-

kin-Elmer model 1710 FTIR instru-
meat scanning KBr peliets. The
FTIR spectra of the pure organics
were also run using this techaique.

The DSCs were rua using a
Peskin-Elmes DSC-2 instrument in

- nitrogen atmosphese. The heating

rate was 10°C/min.

To detrmine the effluents
evolved durlag DSC scanaing, the
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CHEMICAL BONDING cominued

ki

with HWT-22, are also shown in the MmMmolleonh
same table, The types of possible huuofuch individusl compound:

bonds are predicted in Figures {-5, Niobeniens. There s & shifd
with the actus} DSC curves shown "l'rom 1?5 cm™" 10 1150 cm ™'
in Figures 6-10. The reconstiucted  which s one characieristic of mono-
ion chromatograms of the cffluent  substitued aromatic compouads.
gases from DSC are shown in Fig-  This lowering is due W0 the restric-
ures 11 and 12, The DSC endothes-  tions imposed by lntercalation (i 8.,
mic peak tempesstures, along with  the osganic is sand-
AH of vupoduﬁoa are given ia  wiched betweea layers of alumina
Table 2, - and silica). There s another reduc-

lioa in the frequency st the C—N
stretching region, from 1349 cm ™!

Infrared spectra o 1345 cm~", indicasing that the
A careful examination of Table | modono!lho Ritro group s re-
reveals IR shifis in both directions.  stricted. A cause of thia reatriction
Tabie |
infrared frequencies before and siter ireatment (cm ~*)
Niwobenzene + Pegh
restment material Shint seslgnmant
1175 1150 -25 Aromalic mono~
sidbetitution
1349 1348 -4 N—O slreich
3108 no2 -0
24 2929 -5 C—Hewekch
2081 2857 -4
269 ' 2612 -19
Phenol +
Phenol trestmaent material ' N
962 34 -8 ,c-om
3640 3832 e | H—bonded OH
) Yristhanoiamine +
Tristhanclamine treatment material
2104 297 199 Avivg salt
formaton
075§ 1063 -8 Htm
Chicroeniine + '
Chioroanilica Ve gtnem inetHal , N
840 ‘ [+ 4 ’o-:aqm
3500 3542 -48 N--H srwich
Trichiornathylens +
Trichiorosthylens ¢ wme: i mw tiried .
84t A0 18 G~Li peich
.J
2208 il 8§, .
2048 HE A -3y Lo s [ gl - )
3087 o -19 Efwior?
{oh s wdrietio}




could be the interaction between

outer orbital electroas in the oxygen
and the matrix, which has the clec-
tron deficicat aluminum. Due to this

draws the ring electrons toward the
amine group. The electron-rich
chlorine shifis its electron deasity
closer 1o the ring carbon, which is
indiceted by the positlvs shift,

There is tlsc s sirong reduction
In the N—H streiching frequency
witdch may be antbuicd o N—
H— bording of the matrix oxy-
gens.

Trichloroerhylene. Theso in aguin
a positive shift in the C—Cl sbsorp-
tion frequencies, as was s22n in the
case of chioroaniline. The charac-
tecistic ethyleno frequency and the
C—H sireiching frequencies are
botk: fowered, It appears that interca-
intion cautes the fosmer, and re-
sidual hydrogen bonding causcs the
{atter. .

Triethanolaming, We have scen
several weak 10 moderate interac-
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Figure 4 Possibie interaciions between chiorosniine and olay melrix.
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Fgure § Possible interactions between irichiorosthylene and Glay marix.

tions (or bonds) in the previous
cases, However, in the case of
uicthanolamine, ws sre able to es-
tzblish the presence of & coordinate
covulent bond between the Jone peir

of electrons on the niirogen and the -

matrix  (uinminum). The C-—N
streiching frequency has dramati-
cally shifted by 193 cm ™" towand
the positive ditection, which is very
chamcteristic of amine salt forvna-
tion. Protonation of organic com-

Figuse § DSC scen of probenzene +
rwaiment materal
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pounds by clsy mincrals is ¢ wells
known resction. [¢ sppears that thery
is & combined effect of this coosdi-
natioa bond with alumioum ss well
a3 with a proton which produces
such & large shifk. We also sco o
shift ia the negative direction in the
alcohol ~ OH sireiching frequeacy.
This phesomenocs
drogea bonding of the hydroxyl hy-
drogen with the substrate axygeas.
In gencral, it appeans that there
are numerous types of complex ia-
teractions lavolved In ths case of
clay minenl-organics reactions.
The operating forces reage from di-
pole-dipols attractions (0 puse coos-
dinats . covaieal bonds. Hydmoges
boading and intercalation aiso sp-
peumplayhnpml'ﬂmlu.awlr
tion Is snother possibility, provided
transitioa metals (Ps, Ca, Ni, eic.}
are presead n the clay mineral. The
presence of organic cations also

scems (o play a part in relaining cer-

lain snlonic » such 83 carbox--
ylaics. We have also seca svideace
for 1he sbove-mentioned facts in the
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D{fferential scanning calorimetry

~— DSC scans were done ia order to

determine the kind of bonding in-

volved, and the amount of cnergy

that would be necessary 10 release

the compounds from the matrix, The

experimental DSCs are shown a

Figures 6-10. The acrual AH of va-

porization of some of the chosen

' compounds are compared with AHs

from the trested slong

with their normal boiling points in

. Table 2. The molar AH of vaporiza-

‘ tion for the were com-

puted from the weight idss at their

™ boiling point as determined by dy-

namic TGA. Three important obser-

vations can be made from DSC data:

1} All the compounds are leaving

= ihan e Ismpemtiye, s I the
one tempersiure,

+ case of phenol, the bolling point in
the matrix Is higher than its normal
boiling point by 10°C, 2) The mul.
tiple endotherms do not in sny way
comrespond with that of the treatment

material itself and the totzl cusrgy
involved in the tresied pvtsin is .
rauch higher than the hast uf vapori-

zation of the origiiai organic com-
pounds themselves. 3) When the
effluent gases from DSC ware iden-
tifled with the aid of GC-MS,
atither the original compounds, nae
any of thelr fragments, were seen.
These facts unequivocslly indicate
that: 3) The compounds are bonded
with the matrix in more than ose
way st more than one site. b) When
heated, the weakest bond Is broken
firss, atthe first (Jowest tempersture)
endotherm, followed by the stronger
bonds, which are seen as the succes-
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Table 2

DSC Data . : :
as AMot sHor . Highest
Endotherme m vaporization m: point tompersture
Compound (] _ Koal'mol Kcai'moi energy {'C) {0}
Phenol 193.17 11.09 30.13 0.7 182.0 193.17
Trichiorosthylene 108.08
. 12192 018 M. s 1138 204.20
20426
Tristhanclamine 15097
7.0 t12.78 2410 8.0 384 337.20
' Nircbenzens .110.09
119.42 1247 18.60 528 210.2 219.48
138.87
210.48
sive endotherms at higher tempers- followinl manner: Conclusions
tures. ¢) The sum of all these endo- @ TIn(R..N)*;rwplmketheclly
therms is much higher than the AH ocgenophilic and widen the in- In light of the FTIR, DSC, and
of vepocization of the individual terplanar distances by scting ss ‘GC Mchidem it has been shown
compounds. This clearly shows that pillans.
l There Is true multiple bonding

one has o expend. much more
encrgy 1o break the matrix-com-
pounds bonds. d) The GC-MS evi-
dence Is surprising. In the case of
nitrobeazene, which is depicted here
as an example, neither the moleculas
jons (mVz = 123) nor the benzens
ring (nWz = 77) were seen. This
suggests that once the hazardous
waste is bonded, it does not reappear
in its own original form; instead,
smaller fragments result when
forced out. ¢} At higher tempers-
tures, some mather unusual long
chain nitrated compounds were de-
tected. These compounds, of

. “course, were never detected in the

DSC-GC-MS run of the pure treat-
ment materials before treating them
with nitrobenzene.

This evidence clearly predicts that
there are some kinds of reverss
Friedel-Cralts type reactions, siong
with other polymerization reactions,
taking place due to the presence of
aluminum In the matrix. From: a
purcly environmental viewpoini,
these observations conflin. that or-
gaophilic clays can indind brad
with crgeal~s, and can ensily be
used &2 a true containment meterisl,
Additlon of cement wnd slag pov-der
heips to improve mechanical and
leaching chacacteristics. it slic ap-
pears certain that the longer the
aging time, the more effective will
be the containment. Other com-
pounds discussed in the infrared sec-
tion also gave similar results in the
3C-MS studies. These abservations
are In agreement with conclusions
drawn by other authors,

The entire contasinment me-
chanism may be visualized in the

® The waste materials are sand-
wiched between the alternating
layers of silica and slumina.

®. Apart from intercaiation, there
seems lo be dipole-dipole interac-
tion, hydrogen bonding, coordi-
nai¢ covalend bonding, Lewis
acid-base reactions, Friedel-Crafi
reactions, and Diels-Alder type
reactions (nvolved during con-
tainment.

¢ Whea cement and slag powder
. are added and hydrated, these ma-
terials seal the clay minera)-or-

ganic layess and crystallize. Inthe .

long run, there could be inter-
twining crystals of clay minerals
and cement. The siag powder
(due to its fineness) couild plug
any flaws (or holes) in the struc-
ture. The fact that such a mix
gives a low leachate value on the
EPA TCLP* supports this hypo-
thesis.

*In 1904, Congrese modified the Resource
Conservatios and Recovery Act (RCRA),
pacaod ia 1976, whih the Hazardous and Solld

" Wosls Amcndments (HSWA). Thess smend-
ments provide ss analytical method that
would tacve 0 monilon the success of denai-
NAcation . This roiscd imvcives
eriltphs extrections wiia eivenis w3 bs
calicd the Tomichty Chaz: cerisths Leuchats
Procsdsre (TCLP), EPA ivquions te TOLP
10 be performed on cach typs of solid wase
0 deicrmine whether mestmend s required.
The rule estsblishes mazimum rtiov-sbie con-
ceatrations for 36 chemizalr tha may bs o
tained in the sntracys.

il vt results meet TCLP stradonds. o
visie luvolved will mot be gt sed ne ovg -
ulsied wnd may be dlspas:ef |- an PCU Ao
permined facility. If TCLYP s’ areec?
siandards, the wasie mirsdt frs I Wt 22 b
the technology specified e v i’ o, e
equivaient method) an’ e res! s o
again be subjecied to TCL L.

between the treatment material and
the hazardous waste.

2. Whea forced ot by aatural
forces such as hesd, they fragment
into simpler molecules.

3. The otal cnergy to drive them

out of the matrix is much higher than

their normal hests of vaporization.

4. The GC-MS evidence indi-
cates thal there are other reactions
catalyzed by sluminum in the clay.

5. There cannot be any true con-
lainment  withowt organophilic
clays, and Jt is a visble alternative
to the incinerution of hazardous
wastes,
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By J.J. Gibbons and A. Soundararajan

The nature of chemical bonding
between orgianic wastes and
organophilic binders, PART 2

"~

8 TYpes of possible chemical bonding between
! | ' hazardous organic compounds and organophilic

binders have been reported recendly.’ However,
during that investigation, the organic wasic was selecied
from the hazardous substances list (HSL) and was used
to react with the binder 1o simulaje a solidification/sta-
billzation (8/8) situation.

The suthors wished {o verify the concluslons drawn
from thelr previous study (see Am. Labd. 20 [7), 38-46
{1988)) by subjecting s sample from & coulirmed wasto
site to solidification, followed by Fourier transform in-
frared (FTIR) spectroscopy, thermogravimetric analysis
(TGA), differentisi scanning calorimetry (DSC), differ-
entisl scanning calorimetry coupled with GC-MS (DSC-
QOC-MS), and Jeaching tests, since these data will be
of great practical value,

In light of results from the previous studies and the

data from recent Best Demonstrated Available Technol-
ogy (BDAT) studles,? the authors synthesized their own
orgsaophitic binder that would be compatible with the
chamcterized waste in tetms of polssily and the “d"
spacings in beiween the two layers. of organophilic
chays.
Further, drastic solvent exiraction was uged in this
{nvestigation to assess the relisbility of this technology
under the worst possible leaching conditions, since it
is believed by the authors that the existing leachate tests
sre inadequate (o distinguivh beiween a real bonding
siiustion and an sdtorplimevdiluiion pheromenon.

In this paper, con:lusicas ure presenizd on the nature
snd virength of boads oxisting betwsen tie organic
waste and the binders, slong with drestic extraction
deta which could be used as 2a indicator of efliciency

of various binders.

» - Dr, Gibbons ls Maneger, Analyicel Services, and Environmentcd

Coordinator for DAYCO Products, Inc., Springficid, Mixsourl, D,
Soundarerajan 3 Director of RMC Environmensel and Analyticel
Laboroioriss, Wenm Plaing, Missowri. This poper was presenivd of

. ihe Plrrburgh Conference on Analytical Chemisiry and Applisd Spec-

froscopy, Ailanta, Georgia, March 1989. The aurhors graicfilly ac-
Anawiedge thy aasistance snd Edwin W, Barrk, from
the Offica of Resaarch and Development (HWERL), USEPA, Clriin-

Experimental

The waste samples were from an uncontrolled hazard-
ous waste alie. The waste sample (as soil) was eatracied
with methylene chioride for six hours. ARer proper
clean-up procedures, the methylens chloride extract was
passed through snhydrous sodium sulfste w dry i. The
solverd was allowed o evaporals completely inside o
fumehood sad the ead wat translerred lo browa
wide-mouth sample boitles and kept st 4°C for various
lests,

A known amount of this sample was dissolved in
methylene chloride and was subjected 1o characieriza-
tion using & model 5100 GC-MS (Finalgsn MAT, Cia-
cinnati, Ohio). The poliuiats were identified on & peak-

by-peak basig=dnd quaniitated manually. Afer
identification of the wasis material, the mlum
clay was synihesized by mixing sioichiomeiric quanti-
ties of sodium bentonite and & quatermary smmonium
chioride of the type [RyArN])* C1™ in s wates/isopropyl
alcohol solution using s high speed bleador for 30 min,
foliowed by filtration and drying st 105°C, The quater-
nary smmonium chioride has beea chosen so jhat; 1)
the laterplanar distance betweea the aluming sad the
silica was around 25 A, and 2) the alky! groups have
comparable polarity indices io that of the characterizid
wasle, .

The synthesized clay (sbouwt 6% by weight) wes
mixed thotoughly with cther bindess such ss Potlend
cement, fly azh, aod slag powder. Thia new prodict
was designatsd as iis treatment bl:der for this sy,
The extract {romi ths waste (pressrved ol 4°C) vz
thoroughly mixed with the bin-er st & blo-der:vasts ratl:
of 60:40 by welght, snd was allowed 1o cure for 47 b
{Sample {). Dala from Sample | are found In Ta'f:
I and 2,

Addit‘on of walss was pvoided cince it would intesfere
with callcrii~7 of FTIR dain and aiies physicochemical
studler. aod inivoduce exothermic cerctions such s» Uia
erriid hydeioon reaction. Howeas, sevetel sempleo
were pn pared siesting with 50:30 miatuces of orlgina;
contanliruied sl gnd bluder, 8 pusle being mads by
+2dlag sufflcleit water and tliowing the rlusty to ci're
& room lemperstun: for 42 br (Sample 2), Sample 2
wee used (0 perform the lesching/extraction sudier,
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The FTIR studies of 1) exiracted waste, 2) pure bind-
§ (binder + wasie) were done by

ities of the respective sampies

er, and 3) Sample
mixing milligram quant

with dry KBr and pelletizing them. These pelletized
samples were scanned in the range of 4000 to 40 cm "
in a modet 1710 FTIR unit with a SEARCH-2 compu-
lerized database (The Perkin-Elmer Corp., Norwalk,
Connecticut). The TGA and DSC siudies were per-

sysiem (TADS).

the cfMuent gases at

CHEMICAL BONDING continued
'
Table 1 )
infrared data
waplosie; . Table 3
Hessrdous Wasle Inirared GC-M8 analysis dats on identifled priority politiants*
Woesle binder quency functional group tation detection
sxiracl  Samplet ohift sasignments No. Compound (mohg) Mol (mg/kg)
304 283 ~9  OHalrokchO—H0 1 . Big {2-chioro iso _
82 nn ~10 NHweichN——H0 propyl) ether 8529 57
- 3385 ~18 2 Naphthalens 18,000 1.8
- 3 Phenanihrens 20,184 54
1807 10 -17 Keogow P0-H 4 Berzo(A)atvacene 30,480 78
1038 1008 =30 Hydrogenhonding —_—
. . s‘\o’ * Averags surrogale scovery = 97%,.
: The othes major componenis i the waels were found 10 be long chels
H sliphatic Sydrocarboas, aicobols, aminss, acids, and ather
H products,
snd resulls are described In that section. formed using 3-10 mg quantitics In 2 DSC/TOA-2 ualt

(Perkin-Eimer) interfaced with 8 thermal analysis daia

Alltlwmumwﬂedmuludunddubudn
rate was 10°C/min. Once the endothermic peak lempes-
atures were [dentified for Sample | (binder + waste),

those temperatures were collecied

using an activaled charcoal cariridge, The adsorbed
gases were then extracied with CS; and analyzed in the

Toble 2

Harerdous waele sile: Weate exiracl

Hazardous wasle site:
Waste sxwact + binder (Sample 1)

Tole & H {vaporizetion) :
Total & H(vaporization} corracied io 100%

TOA: % wright ioss st given
femperature renge

% Increase in A H {vaporization)
hhnummmmumu
+ binder

D3C det
DEC andothermic peak valuss

Tomporstuea (*C}
138.40 _

121.:07
414.38¢
45240,

Hazardous waate §it~ ' \Yasta eeiract

Callg
10.63

»~

A (vaporiastion) {oalig)
18.63

618

32

_208
1087

Hazamdous weals ske:
Wil s oxtrnd + Lindar (Gamgle 1)
Celg
10.53
28.55
Hazrroicus ey 0o
wasle axiract + bindo: (Banyds: 1)

.40

34136

- ——— ——
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CHEMICAL BONDING ocontinved

GC-MS to Identlfy the fragments of the solldifled waste
W’ 4

Results and discussion

‘The resulis of the FTIR, DSC + TGA, snd GC-MS
analyses are shown in Tables I-3, The sctusi DSC and
DSC-GC-MS runs are shown In Figures 1.9, Belore
the physico-chemical daia are discussed, It is relovant
1o discuss the general theory of the solidification/stabill-
zation process,

1t Js 8 well-knowa fact® that the Oroup JA and 11A
metal fons (LI*, Na*, K*, Mg?*, Ca?*, and Ba®*),
which are present between the layers of alumine and
silica in clay minerals for electrical charge balance, can
be substituted by ammonium jons such as
{R,N]* to yield clays that bave buth organic and inor-
ganic propesties. Introduction of these lons brings abowt
iwo (avorsble effects on the clay matria: 1) the inter-
Tmmmmmmdyfmnﬁkmﬁ

. and 2) the R groups in the quaternary smumonium
compounds cresie & phase whose polarity Is
compaiible with the poladty of the wasie o be
siabilized,

Whea the organic wastes ars intimately mized with

" “such binders, the stationary phase (due lo ity semi-or-

ganic nature) preferably sitracts the organics to s region
in between the Intesplanas spacings in the
modified clay x. After the organics are drawn be-
tween the Isyers of clay, there are possibilities for &
multitude of chemical bonding to occur, ranging from
weak Van der Waals forces o strong coondinale cova-
fent bonds, '

For Instance, the slumina and siica oxygens can form
hydrogen bonds with the hydrogens in the wasts, or
the transitlon metals in the clay may form coordination
compounds with organic comaounds, such s phenols,
smines, amides, carboxylic acids, and hydroxy acids,
Furthermare, the aluminum !n the sluming can being
about Lewls Acld-Base-resclions due 1o Hs eleciron
dsflciency, .

In the past, we have seen evidence for the varions
types of bonde discussed sbove. Apart from the chei
lcal reactions, when waier iy added Lo treat the waste,
cement hydration seals off the organic molecules drawn
Into ths clay layers. Addition of Inert materlals (such
as slag powder) plugs the holes in the solidifled metrix,
thereby minimizing the leaching of the wastes,

The choice of the R groups in the [R,N}* s the key
ta the success of the solidification process. In this study,
the [RN)* groups wers synthesized with sdequate al-
lphatic chain lengths (decided from the nature of the
waste) with polyfunctional groups that would favor
Lewls Acid-Bass reactions, hydmgeu.bonding. coorll-
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CHEMICAL BONDING continued

Certain types of clays that contain traces of various
metals when converted into organophilic clays bind H-
gands like phenols very strongly, With this background,
the results from phys techniques used In
these investigations will be discussed.

FTIR .

The FTIR absorption frequencies, their sssignments,
and the shilts in the assigned frequencics in Sample |
sre shown in Tsble |. From the GC-MS data, it was
confirmed that the waste consists of large quantities of
long-chain hydrocarbons, alcohols, aldehydes, ketones,
and amines, with trace quantities of four priority pollu-
fanis. Due to low concentrations of thess compounds,
their characteristic frequencies could not be observed
in the FTIR studies. :

Becauss of this problem, it was decided 10 study the
bonding between the major and the binder.
There are three shifis In the regions assigned o N-H
and O-H vibrational frequencles: from 3394 to 3)85,
from 1382 to 3372, and from 3373 o 3355, lndicating
weak (0 modersie . All thess shifts toward
lawer frequencles could be sttributed to hydrogen bond-
ing between N-H and G-H hydrogens and the clay oxy-
gens. There are also weak interactions in the C-H re-

" gion, which can be attributed to the C-H-~-O bonding,

The shift from 1597 cm ™! 10 1580 cm ™! Is explained
by an amine salt formation, which is the result of &
Lewis Acid-Base reaction, The most sigaificant shift
is scen in the reglon assigned to Si-0-Si, from 1033
cm ™" 10 1003 cm ™', This can be explained by tha fact
that the oxygens of the silica strongly interics with the
hydrogens from alky) groups, hydroxy) groups, and
mm. which result in reduction of the 0-8i-0

ese

The DSC dats aro shcws In Tablo 2, The extracied
weste shows an endottare.!c peak maximum (Figurs 1)

. #t 136.9°C. The encrgy required 1o volutilize the weste
© st that tempereivio has been found to bu 18.63 calig.
- However, the DSC of Semple | (wasts + bindes) shov's

thres endotherma at 12§.2°C, 414.4°C, and 414.5°C,
sespectively. When the energles for these endothenmic
peaks were added logether and conected for 100% (the
weight loss in the sample from the hazardous waste tits
dus 10 the weste was found to be 36.48% by TUA),
the hest required 1o drive the wasta out of the sysiem
turng out 1o be 28.86 cal/g. This is considerably higher
{by 54.94%) than the encrgy required to evsporate ths
waste without the binder, '

It Is also interesting to note In the DSC scans of cur
tynthetic binder that there are endotherma in the reglons
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the fact that the presence of similar compounds I the
clay structure favor better binding characteristics. The
fact that the wasie requires sa additional 54.94% energy
to leave the system Indicates that it is bound rather
strongly to the matrix,

T - A -y

GC-MS snidies on the effluents from the solidified waste

The reconstrucied lon chromsiograme (RIC) of the
extracted waste ot its first endothermic temperature
range, a3 well a3 the solidifled wasie (Sample 1), are
shown {n Figures 4 and 3. Thess RICs roveal that there
are o least two distinct peaks ol scan aumbers 665 and
787.in the unireated wasie. Howeves, the solidified
wasie at the same lompersture showa two major peaks
ot 654 and 782, — 1

The finst infersace would be that these peaks siuls
eartior than their untreated countorparts and heacs could
- be different . Secondly, sarly elution could
indicate a compound with s low bolling poinV/molecular ¢
weight, This observation Is confirmed by the library
search procedutes (Figures 6-9),

The peak at scan pumber 665 In the unireated wasie
was identified ss 2,3 4-trimeihyl hexane, bat the un-
treated wasie yielded & peak at scan number 654, which
was found to be 3,4-dimethy! hexane. This same trend
{s observed for scan numbers 787 (in the untreated
wasie) and 782 (In Sample 1). I this case, the com-

were identified as 2,5,6-trimethyl decans snd
2,4,6-rimethyl octans, respectively.

It Is evident from these daia that when any element
of nature (such ss hest) is to force out the bound
wasle from the matrix, it down the wasie into
smaller fragments, This trend was also observed in our
previous investigations, It sppeara in the case. of long
. chain aliphatics, that both main chains (ss weil 22 side
chains) cleave when the malecules are forced o evapo-

m‘&lﬂ'n LR PYY ) ERGITHT R

1
-

[

is,
L] Ei - o wrema  BEIRLY [ B
chhlﬂ;lmmcﬂm mdm: i _.r_,_.._a%’i’i;‘;’.__..__.__- ——em e _D
When compared with ihe erxcunis of the pdod!y Sy e Y ¥
pollutants present.ia the extenciad waste, the leaching — e e e L
test results using Sample 2 wers impressive. However, |- ""M-Lc‘rtm frmmt e er e i
this conclusion can be misicading sl times, - i
In our carlier investigadons, we sttempiedfoevaluate |
the relisbility of the existing fes methods thet arsmor- | L. .} — = =1 —
. mally used for radloactive wastes (o distinguish 8 good T e B e et o
~ solidification technology from the less satisfactory ones, - wfimm im—m— oo o ——— o~
Several binders which contained orgsnophilioclayswith, ¥~ 17" ==yt et R T :id
synthesized organic waste were spiked slong with Il bl 4. Lo L. . -
anoiher binder that did not have sny organophilic claye oMy . - !;’ T
at all, The lests that are cumrently avaliable did not show  }- VoA o aremn e em—
any distinction between the feachate data in spite of the = 7~ -“,J[: i_’_ A -
s meidtla sluva did forme chemical bonds ;_'J: R T s
—t




: l'_l‘ | %)

Although such drastic Jeaching conditions do aot exist
in nature, thore should be &8 means of distinguishing &
workable from the others Ia order 0 protect
the Interesis of poteatia) users of the lechaology and
the regulstory agoacies.

Barring a few varfables (which could be kept reia-
tively constant) such ss surface area and temperature,
the maia thermodynamic forces involved In the leaching

are: {) hest of solution (AHsoln) of the waste
in the extracting solvent, and 2) the boad energy of the
bonds betweea the wasie and the binder, Whea the
bond energy exceeds the AHsolm, the waste magerial
will be retained Ia the matrix. On the other hand, when
the AHsoln s greater than the bond energy, the wastes
wii} be leached oul,

It has been our experience that successful encapsula-
tion occurs when the solidification matrix Iy designed
in such a way that: 1) it has an interplanar “d" spacings
that would “snugly (" the wasie molecules; 2) i has
E:lyfmhﬂmﬂlumldwwnhlhowm

many different ways 1o permit chemical bonding; 3)
arity index 1o that of the com-

it has a
l!nwuunndﬂlthummdmlh‘;

i
:
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holes” to prevent physical contact beiween the wasis
and the solvent, .

Concluzions

1. Under sultable conditions, the organic wasies form
& myriad of bonds with the stabiilzation binders, The

" types of bonds Include hydrogea bonding, Lewis Acid-

Base reactions, eontdlmluonlentbondl sod metal-
ligand bonds,

2. The bond strength depends upo the nature of the
wasts material and the functional groups preseat in the

compounds, )

3, Also, io enhance the bonding, it Is éasential lo
have sn orgsnophilic clay with favorable polarity.

4. It ls tochalcally possible to gynthesize “iailor-
made” binders for apecific waste products.

3. The DSC-TGA duta indicate that moms energy 1s
required fo remove & bound waste from the matrix than
Is nteded for ar unbound was's, _

- 6, DSC-GC-MS studies confirm that whex forced
out, the organic waste molecuiss break down intc sim-
pirs substancis,

7. The conclusions from the suthors’ previnus stutiex
have been found to bo valid in an actual waste site
solidification/siabliization situation.
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