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/Abstract

Disposal of wastewater (red water) produced during the Production of Trinitrotoluene (TNT) causes serious environmental

~

problems. Using adsorption followed by Advanced Oxidation Processes (AOPs) are the most feasible technologies for red water
treatment. In the present work two types of carbon are used for treatment separately and simultaneously which are Bone Charcoal
(BC) and Activated Carbon (AC). Operational parameters in each step are tested and optimized. The adsorption isotherms of
TNT red water at a wavelength of 200 nm by (BC), (AC) have been evaluated. Then, treatment of red water by mixing (BC) and
(AC) are assessed, followed by advanced oxidation with ultraviolet and hydrogen peroxide. As a measure of extent of treatment,
we use the % removal at wavelength 200 nm, also we measure the Total Organic Carbon (TOC), and Chemical Oxygen Demand
(COD) before and after treatment. The removal was favoured at low pH, with maximum removal 90 % at pH =2 for BC while for
AC the maximum removal 95 % at pH=12. After the treatment of red water by adsorption on mixing carbons (BC+AC) followed
by AOPs, the removal is 95 %, total organic carbon is 95 % & chemical oxygen demand is 97 %.

N

J

KeyWOI'dS: Activated Charcoal; Advanced Oxygen Processes;
Adsorption; Oxidation-Bone Charcoal; Wastewater- Nitro Com-
pounds

TNT purification to remove any asymmetric TNT isomers (for ex-
ample, 2,3,5-TNT, 2,4,5-TNT).

Abbreviations:

BC

During the purification stage, sodium sulphiteis added to
react with the asymmetric TNTs, resulting in the formation of
Dinitrotoluene(DNT) sulphonated compounds (for example 2,4-
DNT-5-SO3Na). These sulfonates are water soluble and are easily
separated from o-TNT. The wastewater resulting from the purifi-

Bone Charcoal

AC Activated Charcoal cation process exhibits an intense “Red”colour and is commonly
TOC Total Organic Carbon referred to as TNT Red Water. In addition to the sulfonated com-

pounds, red water also contains products of complete nitration (for
COD Chemical Oxygen Demand example, priority pollutants 2,4-DNT and 2,6-DNT) and complex
AOPs Advanced Oxidation Process by products formed during the nitration and purification stages.

Currently, red water is classified by US Environmental Protec-
%R Percent Removal tion Agency (EPA) as a Resource Conservation and Recovery Act
Introduction (RCRA)-regulated hazardous waste (K047) based on its reactiv-

ity. Furthermore, TNT and red water are toxic to aquatic life[1-3].
Consequently, the treatment and disposal of red water presents a

The symmetrical 2,4,6-trinitrotoluene (a-TNT) is one of the most
important and widely used explosives. The manufacture of TNT
consists of main processes: nitration of toluene to crude TNT and

significant environmental problem for the public and private sec-
tors involved in the manufacturing of TNT.
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Because of the complicated nature of red water, convention-
al biological treatment, carbon adsorption, chemical precipitation
fractional distillation, Ozonation are ineffective for red water-treat-
ment.The treatment of wastewater or ground water from military
ammunition plants or other such facilities contaminated with vari-
ous nitro-compounds such as trinitrotoluene dinitrotoluene, RDX,
HMX and tetryl etc. has been well studied using different types
of activated carbons [4-9]. As a whole, adsorption is a simple-to-
operate process and relatively cost- effective, due to (or no) energy
requirements. Adsorption parameters can be simply established by
using an appropriate isotherm equation. The last decade has wit-
nessed Advanced Oxidation Processes (AOPs) emerging as prom-
ising alternatives to tertiary treatment, owing to their high potency
to render partial and ultimate destruction of many refractory com-
pounds including dyestuff-halogenated and aromatic organics [10-
14]. These processes involve the formation of highly reactive free
radical species, which are far more powerful as oxidizing agents
than commonly known strong oxidants like molecular oxygen and
ozone. The chemistry, kinetics and quantum yields in free radical
reactions have been widely investigated and reviewed in the paste
[15-18].These processes have two unique advantages over other
advanced treatment processes; (i) they are non-selective to a very
broad range of chemicals, and (ii) they involve no sludge produc-
tion due to the character of their removal mechanism, which is
based on the oxidative destruction of organic carbon by conver-
sion to higher oxidation states. It is our interest to make use of the
coupling techniques (Adsorption and AOPs) in treatment of TNT
manufacturing red water. In this concern, two types of carbons
were tested separately and simultaneously. The optimal conditions
were obtained and the non-adsorbed pollutants remaining in bulk
after filtration was further treated using UV/H,O,.

Experimental
Instrumentation

A Hewlett Packard Diode array spectrophotometer (Model
8451 A) was used to measure UV-Vis absorbance for raw and
treated water samples. A microprocessor pH meter HANNA model
HI-9321 was used for pH measurement. A water bath shaker of
American optical corporation (Buffalo, New York) was used for all
the adsorption experiments. Dohraman, model DC-190 was used
for TOC measurement. COD was determined according to stan-
dard methods 1985 [19]. Inductively Coupled Plasma-Emission
Spectrometry (ICP-ES) Perkin Elmer optima 3000 was used to
detect the trace metals and cations. The laboratory-scale thermo-
stated Pyrex glass-columnPhotoxidation reactor is used (Figure 1).
The procedure was carried out batch wise under illumination of a

single 400 WHQL high pressure mercury vapour lamp (Phillips)
whose protective cover was removed. The reactor was water-jack-
eted to keep solution temperature at 25°C for all runs.

Figure 1: Photo reactor a. cooling water inlet; b. cooling water outlet; c. gas in-
let (nitrogen); d. gas outlet (Nitrogen); e. UV lap; f. sample solution; g. sampling
stopcock.

Materials
Adsorbents: two types were used:

(1) Discard bone char (BC) residue from Pakin Co., Egypt, was
tested. This local biomass derived material of animal origin. The
(BC) residue is the resultant of pyrolysis process occurred accord-
ing to the following conditions:

Animal bones 800°C/5 hr
Inert atmosphere

(BC) residue + steams + oils + ammonia liquor

The residue content was varied according to the type of ani-
mal (e.g. camel, buffalo, or cattle) and its food. The (BC) residue
is left in an inert atmosphere to avoid any oxidation. Then, it is
crushed and sieved to give constant particle sizes used for different
purposes. The remaining size from sieving (30 mesh) is considered
as carbidge i.e. waste of no use. This waste is used as an adsorbent
in our study. A characterization of (BC) is presented elsewhere
[20].

(i1) The Rice Husk (Rh), with properties in Table 2, was py-
rolyzed in 20 cm L.D. bench-scale, fluidized-bed reactor Shown
in (Figure 2), Abu Zaabal Company for specialty chemicals) at
temperature 673 K and a retention time of 60 min., the fluidizing
gas was nitrogen. The gas flow rate is so chosen as to operate the
reactor between 1 and 2 times the minimum fluidization velocity.
300 g of (Rh) was subjected to pyrolysis in presence of constant
flow of nitrogen gas. The steam was introduced into the reactor
from boiler (3 kilo steam/hr) when the temperature in the reactor
was 300°C.
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Figure 2: Circulated Fluidized-Bed.

The reactor was heated at constant rate (3°C/min) up to
400°C. Then, hold for 60 min. at this temperature. After that pe-
riod, the electrical heater was switched off and sample is left to
cool down. This led to the virgin carbon (MC-0). This carbon was
subsequently treated chemically with HNO3 (100 ml) and heated
slowly on hot plate in a fuming cupboard till boiling near dryness,
then left to cool. After the treatment, the sample was washed with
distilled water several times to remove the excess reagent used and
the pH of the filtrate was measured. Then, the sample was dried at
105°C in a dryer

Adsorbate:

The red water was obtained from TNT manufacturing plant
in September 2001, from Abu Zaabal Company for Speciality
Chemicals. The red water was filtered through cotton, placed in
dark bottle and stored in a refrigerator at 4°C. The prolonged refrig-
eration, however, produced crystalline flakes. The samples were
kept at room temperature and thoroughly mixed using a magnetic
stirrer to re dissolve the crystals before each experiment. A typical
red water composition is shown in (Table 1). Only diluted raw red
water (1:100) was used in all of the adsorption experiments, and
(AOPs), primarily for safety reasons.

Parameters Value
pH units 7.6
sp. Gravity 1
solids
Total 2840
Volatile 1020
Fixed 1820
Organics 36
Inorganic salts

[NaNO,] 209
[NaNO,] 0
[NaSO,] 55
[NaSO,] 514
[Na SO+ Na_SO,] 569
Alkalinity
as [CaCO3] | 43
Organic content
COD | 685
TOC
Nitro bodies
o-TNT 2.27
2,4-DNT 0.21
2,6-DNT 0.03
1,3,5-TNB 3.1
DNTS®
2,4-DNT-3-SO3Na 272
2,4-DNT-5-SO,Na 228

Tablel: All concentration was in mg/L for diluted red water (1:100).
Methods:

Factors affecting adsorption using BC or AC

In this concern, the equilibrium time, pH and adsorbent mass
were determined. In all these experiments, accurately weighed
masses of (BC) or (AC) were placed in 100-ml glass bottles. Fif-
teen and fifty milliliters of the Adsorbate solution were mixed with
(BC) and (AC) respectively then equilibrated the solutions to a
desired pH values with dilute HCI or dilute NaOH solutions. Con-
tents of the bottles were then shaken at 120 rpm, for predetermined
time intervals in a thermostatic shaker. The first 5 ml of the filtered
samples were discarded before samples were taken for analysis in
order to minimize the effect of any adsorption of the Adsorbate
that may occur on the filter paper. The absorbances of the samples
before and after adsorption were measured spectrophotometrically
using an HP 8451A diode array at a wavelength 200 nm (represent-
ing an abundance of aromatic compounds content of the TNT red
water) [21].

Isotherm experiments

50 ml of stock Adsorbate solution of initial concentration
355.42 mg/L was mixed with various amounts of each sorbent sep-
arately (200-2000 mg in case of BC and 20-250 mg in case of AC).
The solutions were equilibrated to a desired pH value and shaken
to achieve equilibration. Each mixture was filtered. The ultraviolet
absorbance of the filtrate was measured at ., 200 nm.
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Photo oxidation using UV/H,0,

In general, the procedures were performed by mixing (BC) and
(AC) simultaneously in a ratio (4:1) with 50 ml of red water and
shaken for 12h at pH 2. Then, the filtrate was used to study the
parameters affecting the photoxidation (e.g. exposure time and hy-
drogen peroxide amount). All samples before and after photoxida-
tion were analyzed for TOC, COD as well as UV light absorbance
at A" 200 nm.

Results and Discussion

Table 2 shows some data on BC and AC which are used as
adsorbents in this study.

BC AC
Constituent (W/w%) Constituent (Wiw%)
C 10.3 C 37
H 1.3 H 5.1
N 3.6 N 0.4
Cl 1.9 o 37
Ca,(PO4), 78 Ash 20.5
CaCoO, 3.5
Others (Mg, Fe, SiO,, etc.) <1.0
SBET 73 m*/g SBET 100 m¥/g
pH 8.2 pH 2.15

Table 2: By differencesome data on (BC) and (AC).
Equilibrium Time

Figure 3 reveals that the percent removal (%R) of aromatic
compounds was 81 % and 65 % after 1/2 h using AC and BC, re-
spectively. A plateau is reached after 6 hrs indicating that both BC
and AC are saturated at this level.

95 - - .. = uAC
" PY - - *BC
20 - -
AC BC
85" pH 12 2
Temp., °C 30 30
—~ so-Pe Volume, ml 50 15
X
o
75+ e
704%
65 B
T T T T T
0 10 20 30 40 50
Time, hours

Figure 3: Effect of Equilibrium time on percent removal of TNT red wa-
ter.

Effect of adsorbent mass

Figure 4 illustrates as the adsorbent amount increases, the %
R increases. However, a steady state condition is apparent indicat-

ing that 1.4 gm of BC and 0.15 gm of AC was enough to achieve
maximum removal of pollutants for 15 ml and 50 ml respectively
of TNT red water. Excess of BC or AC will inhibit good mixing
and in turn prevent the pollutants to reach all the BC or AC par-
ticles i.e., of no use.

100 - =
98 - [ AC BC |
Temp., °C

- | Volume, ml 50 15
94 Contact time. h 3 3

92 -+ -

R(%)

85 - » -

90 - .
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QQ 2 o4 X 0.8 1.0 1.2 1.4 18 1.8 20 22
Adsorbent mass, g

Figure 4: Effect of adsorbent mass on percent removal of TNT red wa-
ter.

Effect of pH

Figure 5 illustrates the maximum % R was obtained at
pH=12 and reaches 98 % using AC and this will help for treat-
ment of known and unknown pollutants contained in red water in
alkaline range.

100
- - r— - = ] s AC
- .
80 |
-
_ =i . .
£ .
('3 el ° =
40 - AC  BC |
Adsorbent mass, 0.25 0.2
Temp., °C 30 30 Y
20 Volume, mi 50 15
Contact time, h
e BC
o T T T T T T
o 2 4 6 8 10 12

pH

Figure 5: Effect of pH on percent removal of TNT red water adsorption iso-
therms.

Also, the maximum % R was observed at pH=2 and reaches
90 % using BC and this will help for treatment of some other pol-
lutants in acidic ranges. In conclusion, it is worth to mention that
mixed adsorbents (BC and AC) will be effective in removal of
many pollutants contained in TNT red water whether pH adjusted
in ranges acidic or basic.

Adsorption data for wide range of Adsorbate concentrations
are most conveniently described by adsorption isotherms which
correlate adsorption density (q, Adsorbate uptake per unit weight
of adsorbent) to equilibrium Adsorbate concentration in the bulk
fluid phase, Ce(Figure 6)
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Figure 6: Adsorption isotherms of red water on AC and BC, (equilibrium
Adsorbate uptake q, and equilibrium Adsorbate concentration in the bulk
fluid phase C).

Isotherm data are analyzed in term of Langmuir adsorption
isotherm model. Langmuir plot was obtained, (Figure 7) using the
well-known equation
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Figure 7: Langmuir adsorption isotherms of TNT red water on BC and
AC.

Where ge is the amount of solute adsorbed per unit mass
adsorbent, Ce is equilibrium concentration of solute and qo, b are
constants, were evaluated and their values are listed in (Table 3).

Carbon Surface Correlation | Dimensionless | Langmuir con-
type area m*/g | coefficient | separation stants

factor q'mg/g b
AC 100 0.999 0.000102 181.812 | 27.5
BC 73 0.9721 0.046607 5.614 0.057

Table 3: Langmuir constants for TNT manufacturing red water on AC
and BC.

Effect of isotherm shape:

Langmuir isotherm can be expressed in terms of a dimen-
sionless constant separation factor (r) which is defined by the fol-
lowing relationship given by

r= —1

™3

Where b is Langmuir constant and Co is the initial concen-
tration of solute concentration in mg/L

As shown from theTable 3 the values of “r”” are less than one
indicating that the adsorption of red water by (BC), (AC) are fa-
vorable. The applicability of the Langmuir model suggests mono-
layer coverage of the Adsorbate at the outer surface of the (BC),
(AC) are significant as shown from Table 3. The qo values have
the following sequence AC > BC. It is worth to mention that the
adsorption technique using (BC+AC) will affect the removal of
metal ions as well as organic content (Table 4).

Metal Concentration (mgl™) Removal (%)
Before treat- | After treatment
ment

Cd™ 0.001 0.0001 90 %
Ba™ ND ND

Co"' ND ND

Cr 0.041 0.006 85 %
Cu™* 0.043 0.002 95 %
Fe™* 0.059 0.059

Mn** ND ND

Nit* ND ND

Pb™ 0.05 0.014 72 %
Sb* 0.03 0.03

Se ND ND

Tim ND ND

Vi ND ND

Zn++ 0.049 0.016 67 %
Hg™ ND ND

As™* ND ND

Table 4: Concentration of metals in raw red water (1:100) before and after treat-
ment using adsorption technique (pH=2; contact time = 12 h; 1 g BC + 025 g
AQ).

Second-stage operation
Effect of H,O, amounts

The presence of H,O, has a great influence for the reduction
of organic chemical concentration in water. Moreover, it was nec-
essary to decide the amount of H,O, to fulfill the lowest possible
value of TOC and COD. This is due to the much higher H,O, con-
centration will be 1) economically undesirable [22] and 2) scaven-
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gers for hydroxyl radicals [23]. The residual H,O, in solution was
determined by the KI titration method[24]. As can be seen from
Figure 8, the ratio between H O /sample, (v/v) to achieve the max-
imum (%R) was ~ 1:8 and no accumulation of H,O, was found.

90 - p—_—
&R
80 4 . 8——=8
70 . -
g & 3 *— 200 nm |
5 % . *—TOC
> L]
g wq A | ===C0D
5 »
14 30
204 /W
/
'O-l/
o

T T T T T T
0 1 2 3 4 5

Volume of H,0, (ml)

Figure 8: Effect of H,O, dosage on the percent removal.

Effect of UV exposure time:

In the presence of the H,O, Photo catalyst and radiation with
2> 300 nm, the reaction follows as:

H,0,+Ww —— 20H

The destruction of red water was rapid (Figure 9). After a
2 hr reaction there was an 81.4 % reduction in TOC, 83.8 % re-
duction in COD and 88.1 % at 200 nm by UV-spectrophotometer.
The solution pH after the AOP is altered, pH decreased from 2.15
to approximately 1.2. The red water has little buffer capacity and
the reduction in pH indirectly infers that SO, groups were rapidly
detached from the DNTSs, resulting in the formation of H,SO,. (Le.
acidity increases). Also, the formation of new components due to
AOP may also cause a reduction in pH,

®
[ .l = a COD, %
2 / +—TOC, %
@ %0 A
40
': -
|
0 = T r T r -
0 2 @ 60 &0 100 120
Time, minutes

Figure 9: Effect of exposure time on percent removal of TNT red water.

Recommended procedures:

Based on the results of experiments, the amounts of (BC)
and (AC) are 20, 5 g/L respectively, to achieve permissible level
of nitro body concentration in a treated effluent. In case of 2nd
step (photooxidation using UV/ H,O,), the ratio of H,O, to the
contaminant is 1:8 and the exposure time required for complete
degradation is 2 hours. On the basis of adsorption and advanced

oxidation process (AOPs) studies, a pilot plant for the treatment of
effluent wastewaters from a TNT production plant was designed
and construct and now in operation in our factory.

Conclusion

The maximum removal of red water was obtained at pH=12
reached 98% using AC i.e. treatment can be done in alkaline range.
At pH=2 maximum removal reached 90% using BC and thus treat-
ment of some pollutants could be done in acidic ranges.The ad-
sorption technique using BC+AC willaffect the removal of metal
ions as well as organic content. It was obtained that q_ values using
AC higher than BC.

The ratio between H O,/ sample was 1.8 to achieve the max-
imum % removal with no accumulation of H,O,.After 2h reac-
tion, a reduction of 81.4%in TOC, 83.8% in COD and 88.1%at
200 nm by UV- spectrophotometerTreatment of red water from
TNT manufacture using adsorption & AOPs prove its efficiency in
the removal of organic matters as well as heavy metals. Hence the
treated water can pass safely into river without any risks health.
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