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Abgtract: In this paper , O -odfied bentorite was prepared and the adrption of pherol , 1 ,4- dihydroxyberzene and aniline that canform
hydrogen bonds with water molecules by the Cr- bentonite were sudied. The optima conditions, sanple mass, dahility and regeneration in the

oourse of adorption were invedigated in detail . QOD from garbage leachate as a comprehensve index of organic contaminants was used to ex

amine the experimenta dfects, and a dnple ecornomic conpari on with other conventionad adsorbents was made. Fosdble mechaniamwas dis

cusxd.
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Montrrorillonite is a potertid and inportant meteria
in adormtion/derption reactions with the environmental
pollutants because of its large suface area, large number
o interlayer exchangeable inorganic cations and abundance
in nature.

Gonnonly, the adsrmption of organic pollutants by
nontrrorillonite is poor because the mineral surfaces are
hydrophilic™ . Up to date the study on montnorillonite at
home and abroad has focused on its organic nodification
and pillar nodification'” . The adorption of exific or-
ganic contaminants by high vaence metal cation sturated
nontnorillonite , however , isfound to be obvioudy inpr-
oved® . Al-sturated smectite adsorbs much greater
amount of atrazine than Ca saturated smectite does® .
The adsorption of the herbicide dimepiperate S @ , O-
dimethylbenzyl ) -I-piperidinecarbothioate on honionic
Fe’*-, A"~ Ca&'-, and Na'- nontnorillonite was
gudied , with the adorption capacity decreasng in the or-
der F&" >AP" >Cd" >Na” day'”. The sronger ad
rption of organic pollutants by high valence metd cation
- saurated nontnorillonite is generaly attributed to
gronger H-bonding between nore polarized H,O asociat-
ed with high valence meta cations than low valence cat-
ions. It gopears that al these dudies are limted to the
agricultura chemicals.
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The wagtewater contai ning chromium extremely harms
the environment and urfortunately is largely produced in
ecoromic activities, in which chromium minera process
ing, eectroplating , leather-making, printing and dyeing
have been producing a great amount of wagtewater contai n-
ing chromium. Although chemicd precipitation is a main
dfective way to treat the wagewater , the cog is high and
secondary pollution is gptly resulted from treating dudge.
Therdfore, the utilization of the wagewater ocontaining
chromium to prepare the chromium nodified bentonite to
treat ecific organic wagewater is expected ot only to
recover certain organic cormpounds, but A9 to dlve the
problem of dudge occurring in the course of treating the
wagewater containing chrom um.

In this pgper, pherol , 1, 4-dihydroxybenzene and
aniline that can form hydrogen bonds with water nolecules
were gudied. In the course of adsorption the optima corr
ditions, sample mass, dahility and regeneration were in
vedigated in detail . GOD from garbage leachate as a comr
prehendve index of organic contaminants was used to ex
amne the experimenta dfects, and a snple ecoromic
compari on with other conventional adsrbents was made.

1 Experimental Materialsand Methods

Cabentonite used in this invedigation, obtained
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from Xuanhua Qty, Hebel Province, is conposed of
87. 4 % of Montnorillonite, 3.6 % of quartz, 7. 3 % of A -
cubic Quartz, 0.7 % o potassum, and 1.0 % of other
meteriads. Garbage leachate was taken from Beijing Asr
we Garbage Digposd Rant. Pherol, 1, 4-dihydroxy
benzene and aniline used in this invedigetion are analyti-
ca reagents.

FHve gof Na bentonite was added into 500 ni. of 1 g/
L Cr (NGs;)s; olution (Generdly, the concentration of
the electroplating wasewater containing chromium is 1. 2
gL , and that of leather-making is 410 mg/L) . The flask
was ogtillated for 12 hours in the congant tenperature os
cillaor (at (25+0.2) and a 150 r/min) . Excessve
Cr (NO;) was removed by digtilled water washings until
the supernatant was free of chromium ion, as tesed by 1
nol L. NaOH lution. The O -nodified bertonite (i.
e. O-bentonite) prepared was dried a 70 , grinded
and dfted out with a 200-meshed deve.

Adsmption of gecific organic contaminants was car-
ried out usng batch-equilibration technique in HZS H war
ter bath and congant tenperature ocillator. 0.1 g of
bentonite sanple was sugpended in 20 ni of certain corr
centretion organic olutions in a serial of 100 nL dass
plug-contained conica flasks, repectively. The supernr
donswere ocillated a (25 + 0. 2) and 150 r/min until
equilibrium was achieved. The equilibrium concentration
o organic cormpounds was determined at the sronges alr
mption wave with a UV-160 ectrophotometer. The po-
tass umdichromate method was used to determine GOD.

2 Resultsand Discussion

2.1 Characterigtics of the Crmontmorillonite

The results of X-ray diffraction show that dOO1 value
o Cr-nontnorillonite is evidently enlarged , conpared with
the orignad Ca nontnorillonite and Na nontnrorillonite.
The vdues of Na , Ca and Cr- nontnorillonite are re-
oectively 1. 306 5, 1.501 9 and 1. 659 8 nm. Larger i
terlayer digance can help organic nolecules enter the i
terlayer of nontnorillonite. The results of the chemicd
andyds, shown in Tab. 1, indicate that the contents of
Cr;0; in Na, Ca and Cr- nontnorillonite are regpec
tively 0, 0 and 2.83%. The fact that the contents of
NaO and Ca0 in Cr-nontnorillonite are evidently less
ened shows that O* has succeeded in exchanging ions
with Na* and C&* . Tab. 1 d® indicates that the percent
oontents of water adorbed are regectively 7.23 %,
7.80 % and 11. 54 %. The higher water content in the Cr-
nontrrorillonite can help integrate nore ecific organic
nolecules through hydrogen bonds.

Tab.1 Contentsd CaO, Na,O, Cr,0; and water adsor bed in

different types of montmorillonites %
Montrrorillonite types Na Mt CaMt Cr-Mt
Na,O 3.87 0.30 0.26
C0 0.54 1.43 0.31
Cr,05 0 0 2.83
H,O 7.23 7.80 11.%4

2.2 Equilibium time of adsorption

Adsrption equilibrium of al types of organic conr
pounds can be obtained &ter 2 hours. With the ocillating
time laging , the adsorption percentages change little.
2.3 Irfluences of pH values on adsorption

Influences of pH values on adorption of severa e
cific organic contaminants by the Cr-bentonite are shown
in FHg. 1, which show that the adsorption percentages of
aniline decreases as increasng pH values. In an acidity
environment and a neutraity one , the adorption percent-
ages change little; but in an dkdine environment , epe
cidly in a grong dkaine one, the adorption percentages
o aniline evidently decrease. On the contrary , an alkaline
environment helps the adorption of 1, 4 dihydroxy
benzene and pherol , and the adorption efects are sati-
dactory at a pH of about 8 for al the organic conmpounds.
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Fig.- 1 Influence o pH values on adsor ption of

the specific organic compounds

2.4 Mass curves of the Cr-bentonite

Without adjuding the pH values (a a weak acidity
environment) , the relationships between the equilibrium
concentrations of aniline at different initial concentrations
and the massesd the Cr- bentonite are sown in Hg 2. At
initia aniline concentrationsof 10, 20 and 30 mg/L , the
largest adormtion percentages of aniline are repectively
93.38 %, 88. 47 % and 85. 82 %. When the equilibrium
concentrations of aniline meet the nationa third-leve dis
charge gandard of indudrid wagewater for the second cat-
epry contaminants (5 mg/L) , the bentonite masses are
repectively 0. 10, 0. 20 and 7. 50 g/nL. With aniline a
an initial concentration of 10 mg/L and at its equilibrium
concentration meeting the nationd second-level discharge
gandard for the second category contaminants (2 mg/L) |,
the bentonite mass is gpproximately 0. 15 g/mi.
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Fig.2 Mass curves o Cr-bentonite at different aniline initial concentrations
5 percentages increase in the order of Na* <Ca®" <O’ -
= 3 bentonite.
;é‘ f The adorption percentages of COD from garbage
v 0 ) . . leachate by three types of nontnorillonites were A
0 50 100 150 found to increase in the ssme order of Na* <C&™* <Or®*
mass. /(g-L") - nontnorlillonite, neverthdess the types of their inter-
125 . layerions have less irfluences on QOD, as shown in
L 100 Tab. 2.
< ;; 2.6 Sability of the Cr-bentonite
E s o e 197 The stability of the O~ bertorite was determined by
0 <z <t NN_IA taking Cr- bentonite to adsorb 1, 4-dihydroxybenzene. 20
¢ 19 AN )30 30 mL of 1, 4 dihydroxybenzene a initid concentrations of
¢ /(mg-L™!

Fig-3 Masscurves d Cr-bentonite at different initial
concentrations o 1, 4 dihydroxybenzene

Under the optimal conditions the mass curves of the
Cr-bertonite are shown in Fg 3 when 1, 4 dihydroxy-
benzene is at the initia concentrations of 3, 5, 10 and
20 mg/L. Acoording to the nationd fird-level discharge
gandard of indugrial wagewater for the second categpry
oontaminants (0. 5 mg/L for the wolatilizing pherol) , the
mases o the Cr-bentonite are repectively 5.00, 1.50,
7.00 and 11. 00 g/L , and the mass equation at different
concentrationsis y =126x - 0.1971, R=0.947 3.

2.5 Comparison of adsorption effects by dfferent 8
types of bentonites

At an optima pH vdue, the adormtion dfects of

orignd Ca bentonite, Na bentonite and the Cr-bentonite
were compared. As shown in Tab. 2, the adrmption

10, 50 and 100 ng/L and 0.1 g of Cr-bentonite were
added into three different conical flasks. pH values were
adjuged a 8. The flasks were ocillated for 2 hours a
(25+0.2) and a 150 r/min. Arother two saples of
Cr- bentonite were saked regpectively in a20 n. HA -
[ution where pH =2. 0 and a 20 niL. NaOH ol ution where
pH =12.0for 24 hours. A Andyg100 Atomic Adrption
Sectrophotometer was used to determine the O° " conr
centrations of al the supernatant lutions. The results
sown in Tab. 3 show that the desorption percentages of
C°" a different 1, 4 dihydroxybenzene concentrations
are less than 0. 50 % and lessen with the 1, 4-dihydroxy-
benzene concentration increasng. The desorption percent-
ages in a grong acidity environment are larger than those
in a grong akaine one, but al are less than 5.09 %,
and the &°" concentrations in the ool utions are very low.
Secondary pollution can ot take place because of the sa
hility of Cr-bentonite in the course of adsorption and fairly
acid and base reg gant property.

Tab.2 Comparisons o adsorption effects of different types o bentonites

Adorption percentages co/ (mg-L~ h Na: bentonite/ % Ca bentonite/ % O bentonite/ %
pherol 10 6.0 9.0 67.5
1, 4 dihydroxyberzene 10 26.2 36.4 80.1
aniline 20 13.8 23.7 88.5
Q0D from garbage |eachate 160. 8 4.1 48.0 60. 3
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Tab.3 Sability of the Cr-bentonite
pH co/(mg:L Y

Qonditions

20 120 10 50 100
Desorption

509 140 0.5 0.4 0.3
percentages/ %

2.7 Regeneration of the Cr-benonite
The regeneration dfects of the Crberonites were gudied
through their adsorption of 10 mglL 1, 4 dihydroxyberzene under
optima conditions, as sown in Tab 4.
Tab.4 Regeneration of the Cr-bentonite by Heating,
acid and base

Hfects/ % 105 150 200 acid base

Orignd O-bentonite 79.2 79.2 79.2 79.2 79.2
FHrg regeneration 62.3 66.5 68.7 63.2 92.7
Seoond regeneration 61.8 63.1 64.4 — —
Third regeneration  60.1  61.9  65.3 — —

The Cr-berpnite can be regenerated well by baking
for4 hoursat 105 ,150 and200 . With regener
ation times increadng, the adworption efect goes down,
but the adsrption percentages are ot less than 60. 1 %.
The higher the terperature is, the better regeneration €-
fectsof the Cr-bentonite are.

The acid regeneration and base regeneration were
finished by soaking the Cr-bentonite into an HA sl ution
where pH = 2. 0 and an NaOH sl ution where pH =12.0
for 24 hours, then baking for 4 toursat 105 . The re-
aultsindicate that regeneration dfects of the O-bentonite
are better in an akaine environment than in an acidity
environment , mainly because the supenson lution of
the regenerated Cr-beronite in an akaine environment
has a higher pH value, and high pH value helps adorb
1, 4 dihydroxyberzene.

2.8 A dmple economic comparison

The adsorption itherm of 1, 4 dihydroxybenzene
by the Cr-beronite shown in Hg. 4 indicates thet its satu-
rated adsorption capacity is 88 mg/g.
it .
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Fig.-4 Adsorption isotherms of 1, 4 dihydroxybenzene
by the Cr- bentonite

A dnmple ecornomic conpari on anong the active car-
bon , the organobentonite and the Cr- bertonite used to ad
rb pherol conpounds is shown in Tab. 5.

Tab.5 A simple economic comparison about the Cr- benonite”

Active carbon Orgaroberonite  Cr- berpnite

Adomtion cgpacity

160 120. 5i 88
(phenol compounds) mg/g mg/g mg/g
price (yuan/kg) 4.6 12.5 0.625
g (yuan/adsorbing
28. 80 193. 00 7.00
1 kg of pherol9)

1) Thedfer of the active carbon isordered by Xinsen Chemicd Emr
gneering Q. Ltd. , Ningde Gty (powder, the pherol vaue is
160mg/g ) ; o the berorite, (Ca bentonite) by Yixian Bertorite
Rant , Hebel Province; of the orgarobentonite , by Hudian Organo
bentonite Hant , Tianjin. The O bertonite can be prepared with the
wadewater contai ning chromium, therefore , the price is close to that
o Ca bentonite.

Tab. 5 shows that the cog of the O-bentonite to dis
pose of 1kg pherol compoundsisfar less than that caused
by the active carbon and the organoobentonite to do the
same, meaning that C-bentonite has a practicable pros
pect.

2.9 Posshle mechanism

Up to date many researchers think that the reason
why nontrrorillonite with high vdence metd cationsin its
interlayer has a much greater ability of adsorption of the
organic noleculesis mainly because of that a much greater
ability of an interlayer ocoordination of the high vadence
cations can bond nore water nolecules around them, and
that the correation between the OH groups and the orgarr
ic nolecules through hydrogen bonds can adorb much
nore organic nolecules. The H-bonding mechanism has
been grondy proved by the NMR gudy of nontrrorillonite
to adsorb pyridine”’ . The resuitsof the experiment in this
pagoer show that Na nontnorillonite and Ca nontnrorillo-
nite have a poor adorption of me Pecific organic conr
pounds, while the high vaence C*" can asociate much
nore water nolecules owing to its much sronger interl ayer
coordination ; the OH groups in the water nolecules can
oorrelate with pherol |, 1, 4-dihydroxybenzene and aniline
through the hydrogen bonds, and can thus adorb much
nore organic nolecules. The function of the hydrogen
bonds between the water nolecules in the interlayer of
nontrrorillonite thet coordinete with the meta cations and
the gecific organic nolecules, acoording to H-bonding
mechanigm, is shown in Fg. 5, taking phenol as an ex-
anple. The adomtion dfects of the chosen organic conr
pounds have d < proved this. That means the adsorption
dfects of aniline are the bet, next, 1, 4-dihydroxy
benzene and pherol. That is because the gronges eec
tronegativity of N in the aniline nolecules and two Oswith
gronger eectronegativity in 1, 4-dihydroxybenzene can
help them form hydrogen bonds with water nmolecules. An
experiment of adorption to dimethyl berzene is d oo
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ducted , finding a very poor result (only 5.5 %) , because
the weaker dectronegetivity of C of two-CH; in the sub
chain o dimethylbenzene canmot form hydrogen bonds
with the OH groups in water nolecules to be adsorbed ,
while gronger hydrophilic montrrorillonite cannot heavily
adsorb hydrophobic dimethylbenzene. That is why dl
types of nontnorillonites adorb dimethyl benzene quite
poorly. CGOD is a conmprehengve index of the content of
the organic metter. Acoording to H-bonding mechaniam,
a very large portion of organic nolecules in the garbage
leachate that have the atoms with srong e ectronegativity
and less radius can form hydrogen bonds with water nole-
cules that can ocoordinate with and link the high valence
metd ions. That is why the same adorption of GOD oc
curred conpared with the adsorption of pherol , 1, 4 di-
hydroxybenzene and aniline. Nevertheless, the change of
the typesd interlayer ionsof the nontrrorillonite has less
er irfluences on the adorption of GOD than that of phe
mol , 1, 4 dihydroxybenzene and aniline , because the or-
ganic nolecules, as o dimethylbenzene, canmot form
hydrogen bondswith the water nti<cules coordinated to be
adsorbed.
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. Exchangeable Cation (', Water Molecule

Fig.5 Hbonding between phend modecule and water moe
cule coor dinated with montmor illonite interlayer surface

3 Conclusions

(1) The adwomtion of pherol , 1, 4 dihydroxy
benzene and aniline by the Cr- bentonite is evidently better
than by origind Ca bentonite and Na bentonite. The ad
rption process reaches equilibrium quickly ; different or-
ganic compounds possess their own optimal pH vaues,
and the adorption dfects are satiactory a a pH of about
8 for al the cormpounds.

(2) Under the experimental conditions, When the
equilibrium concentrations of aniline meet the nationd
third-levdl discharge gandard of indudrid wasewater for
the seoond categary contaminants (5 mg/L) at initiad ani-
line concentrations of 10, 20 and 30 mg/L , the bentonite

messes are repectively 0. 10, 0.20 and 12.5 g/L. With
aniline a an initid concentration of 10 mg/L and at its
equilibrium concentration meeting the national second-lev-
e discharge g¢andard for the second category contami nants
(2 mg/L) , the bentonite mass is approximetely 0. 15 g/
m.

When the initid concentrations of 1, 4-dihydroxy-
benzene are regectively 3, 5, 10, and 20 mglL , and its
equilibrium concentrations meet the nationa firg-level
di scharge criterion of the second category contaminants of
indugtrid wagewater (0.5 mg/L) , its sarple mases are
reectively 5.00, 1. 50, 70. 00 and 11. 00 g/L , with the
mass equation as y = 0. 126x-0. 1971, R* =0. 9473.

(3) The Cr-bentonite hasfairly acid and base ress
tant property. The secondary pollution can ot take place
during the adsorption course.

(4) The Or-bentonite can be regenerated by heat-
ing, acid or base. The dfect of regeneration is better in
an dkaline environment than in an acid environment.

(5) The ocog for the Cr-bentonite to treat gecific
organic contaminants isfar lower than that for active car-
bon and orgarobentonite to do the same.

(6) The adomption efectsof the chosen ecific or-
ganic cormpounds can be explained by the H-bonding
mechani am.
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