Effluent Treatment

Chemical reduction of AOX and COD
from hardwood kraft

chlorination-stage effluent
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ABSTRACT: This article examines the use of alkali [NaOH or
Ca(OH),] and alum [AL(SO,),] to reduce AOX (adsorbable organic
halogen) and COD (chemical oxygen demand) in chlorine-stage (C-
stage) effluent for hardwood kraft pulps. Tests were conducted on the
whole effluent and on its molecular-weight fractions. The results
indicate that 80% of the AOX in the C-stage effluent can be removed
by treating the effluent with NaOH at pH 12.5 prior to
conventional sedimentation with alum. Ether extraction of the
hardwood C-stage effluent before and after chemical treatment
suggests that these extractives are the primary source of residual AOX.
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multistage process.

he pulp and paper industry pro-

duces large quantities of spent
bleach liquor. These liquors contain
toxic chlorinated organic compounds
that are biologically inactive (1-4) and,
therefore, aceumulate in the environ-
ment (5, 6). Current legislation is very
strict concerning effluent quality, es-
pecially the amount of chlorinated or-
ganics. For example, in Japan, the
amount of organic chlorine, measured
as AOX (adsorbable organic halogen),
must be reduced to 1.5 kg/ton of

bleached kraft pulp by the end of 1993.

Wastewater treatment methods
such as floceulation, sedimentation,
and activated sludge are used to re-
duce COD (chemical oxygen demand)
and AOX. However, these methods do
not always effectively remove chlori-
nated organic compounds (7). Low-
molecular-weight compounds are
particularly difficult to remove. This
explains why flocculation and sedimen-
tation are more effective at treating
softwood bleach effluent, which has a
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larger percentage of high-molecular-
weight organie compounds than hard-
wood bleach effluent. Consequently,
low-molecular-weight chlorinated
compounds in the bleach effluent from
hardwood kraft pulp are usually dis-
charged in the treated wastewater.
Most of these low-molecular-weight
compounds contain alkali-unstable car-
bon—chlorine bonds. An example is a
single chlorine bonded to the o-car-
bon of a carbonyl group or hydroxyl
group. We propose to dechlorinate
such compounds with alkali treatment.

C-stage effluent characteristics

Chlorination-stage (C-stage) effluent
was taken from our Ishinomaki mill,
which produces hardwood kraft pulp.
The bleaching sequence was
OC(EO)HD.

Our first objective was to deter-
mine the distribution of AOX and COD
within the chlorination-stage effluent.
We separated the effluent into three
molecular-weight (MW) fractions by
ultrafiltration: MW < 1 kDa, MW 1-
10 kDa, and MW > 10 kDa. We then
analyzed each fraction to determine
its AOX and COD content.

We diluted the fractionated efflu-
ent threefold. Although too much dilu-
tion of bleach effluent can cause failure
of fractionation when using ultrafil-
tration filters (8), our experiment
showed the clear character of frac-
tionated effluent. We believe ultrafil-
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tration is a convenient method for this
type of experiment as long as dilution
is not too high and filtration is con-
ducted at least twice (3).

Figure 1 shows the AOX and COD
distributions for the untreated efflu-
ent. Most AOX was located in the low-
molecular-weight (LMW) fraction. The
high-molecular-weight (HMW) frac-
tion contained only about 14% AOX.
Effluent COD showed the same trend,
with the LMW portion containing the
largest amount of COD and the HMW
fraction the lowest, approximately 23%
of the total COD.

Chemical treatment of effluent

We treated the whole effluent—as well
as the three molecular-weight frac-
tions—with alkali [NaOH or Ca(OH),]
and alum [AL(SO,),]. The added
amounts were in excess of those re-
quired in the pulp mill. The large doses
were necessary to elucidate the effects
of these chemicals on the effluent.

Figure 2 shows the effects of chemi-
cal treatment on AOX. For the treated
lower-molecular-weight fractions, the
one treated with AL(SO,), clearly con-
tained the greatest portion of AOX. All
three treatments reduced AOX tovary-
ing degrees for the whole effluent as
well as for the three MW fractions.
The alkali Ca(OH), was the most suc-
cessful in lowering the level of AOX.
NaOH and Al(SO,), had varying de-
grees of success, depending on the
molecular-weight range being treated.
NaOH was better than AL(SO,), when
the molecular weight was less than 10
kDa (i.e., the LMW and MMW frac-
tions). In the HMW fraction, both were
equally effective. NaOH was slightly
more effective when treating the whole
effluent.

Figure 3 details the effect of the
treatments on COD. As with AOX, the
LMW fraction consistently contained
the most COD. In this case, however,
the most effective of the three treat-
ments was AL (SO,),, which precipitates
and flocculates many compounds con-
tributing to COD. Ca(OH), also can
precipitate some compounds and thus
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1. AOX and COD distribution in hardwood kraft pulp C-stage effluent
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is useful in reducing COD. NaOH has
no precipitating ability and thus can-
not reduce COD very well. Some diffi-
culties were experienced in controlling
the fractionated effluents at exactly
pH 12.5, since the samples were al-
most three times as diluted as the origi-
nal effluent. This may have affected
the results shown in Fig. 3.

Multistage treatment of effluent

Alkali, particularly Ca(OH),, is best
for reducing AOX (Fig. 2), while
AL(S0,),is best for treating COD (Fig.
3). Ca(OH), aids in precipitation and
dechlorinates the effluent, while
Al(80,), precipitates COD-causing

compounds. Because NaOH and-

AlL(S0,), follow different mechanisms,
a combination of the two may be the
best method for AOX and COD re-
moval. Ina separate set of experiments,
we investigated the sequential addi-
tion of NaOH and AL(SO,),.

Table I details the effect on AOX.
Theresults demonstrate that the over-
all reduction of AOX is essentially the
same, regardless of the order of chemi-
cal addition. Thus, NaOH and AL(SO,),
react with different types of com-
pounds: NaOH dechlorinates, while
AL(S0,), precipitates and flocculates.

From this experiment, we can infer
the response of the C-stage effluent to
various treatments. Figure 4 shows
that about 62% of the AOX is alkali

1. AOX reduction in sequential effluent treat-
ment

AOX AOX
Reduction, Reduction,
Step % Step %
1. NaOH 62 1.Al(S0,), 33
2.AlL80,), 19 2.NaOH 46
Residual 19 Residual 21

unstable. Approximately three-quar-
ters of the alkali-unstable region is
nonprecipitable and therefore could not
have been removed with AL(SO ). Be-
cause of this, use of the alkali allows a
much greater reduction in AQOX than
AL(SO,), alone.

Of the 38% that is alkali stable, half
can be removed by precipitation and
floceulation with Al(SO,),. Therefore,
by combining alkali and precipitation/
floeculation treatment, we ean remove
approximately 80% of the AOX from
the chlorination effluent. Because
AL(80,), is acidic and acts as a buffer,
the alkali should be added first to pre-
vent excess addition, thus facilitating
neutralization of the treated effluent.

Ca(OH), was also effective in reduc-
ing AOX. However, its precipitation
mechanism may be different from that
associated with AL(SO),.



2. Response of AOX to chemical treatment

3. Response of COD to chemical treatment
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4. Character of AOX in effluent

5. Ether solubility of COD. U =untreated; A
=Al,(80,),; N=NaOH; C =Ca(OH),.

6. Ether solubility of AOX. U =untreated; A
=Al,(80,),; N=NaOH; C =Ca(OH),.
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Ether extraction of effluent

After removing 80% of the AOX with a
two-stage treatment, we were curious
about the 20% that could not be re-
moved by our methods. Over 50% of
this residual AOX lies in the LMW
fraction. By performing an ether ex-
traction (which normally extracts toxic
and low-molecular-weight hydropho-
bic compounds) on the treated and
untreated effluent, we were able to
examine a subset of the LMW portion.
This subset is considered hard to re-
move and includes compounds that are
largely hydrophobic and nonpolar.

Figures 5 and 6 show the results of
this experiment for COD and AOX,
respectively. From Fig. 5, it is clear
that the ether-extractable compounds
make essentially no contribution to
COD. However, the situation is very
different for AOX. Figure 6 shows that
the ether-soluble compounds account
for approximately 30% of the total
AOX. Only about 35% of these com-
pounds can be treated by the methods
investigated. The rest of them will still
remain after treatment.

Treatment of model compounds

To determine what types of LMW com-
pounds are treatable by precipitation/
floceulation or by alkali addition, we
chose several chlorinated organic com-
pounds to serve as models of the hard-
wood kraft chlorination effluent.
Figure 7 presents the results of the
treatments on the models. All of these
model compounds are typically found
in the chlorination effluent, some in
quite high quantities (2). We treated
dilute solutions of o-chlorophenol, tri-
chloroacetic acid, 1,3-dichloro-2-
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propanol, and o-chlorobenzoic acid.
Because of their low molecular
weights, all resisted treatment with
AL(S0,),. Only 1,3-dichloro-2-propanol
could be decomposed with alkali. The
rest were alkali stable.

In addition to AOX analysis, we
mixed 10 mL of 10mM model com-
pounds (dioxane was used as solvent)
with 10mL of 1N NaOH. Each sample
was stored overnight to investigate
the alkali stability. Gas chromatogra-
phy was used to examine the decom-
position of several model compounds.
This analysis identified the structures
that are unstable in alkali. We ana-
lyzed o-chlorobenzoic acid, m-
chlorobenzyl aleohol, dichloromaleic
anhydride, and 1,3-dichloro-2-
propanol. The carbon—chlorine bonds
in the first three structures were al-
kali stable. However, as in the AOX
analysis, 1,3-dichloro-2-propanol was
alkali unstable. This result is similar
to that achieved by Taneda et al., who
showed that a single chlorine bonded
to the a-carbon of an alcohol group is
alkali unstable (9).

Conclusions

A significant reduction of AOX and
COD in hardwood kraft C-stage efflu-
ent is possible by chemieal means. Sim-
ply increasing the pH to more than
12.5 can reduce AOX by 62%. (Even
when pH was close to 11.0, reduction
of AOX was still about 60%.) Precipi-
tation and flocculation with alum alone
reduced COD up to 45%. A combina-
tion of precipitation and flocculation
with alkali treatment removed 80% of
the AOX from hardwood kraft chlori-
nation effluent. The AL(SO,), precipi-
tates large organic compounds, while
alkali serves to dechlorinate the efflu-
ent.

However, 20% of the AOX cannot
be eliminated by these means. Most of
these stable chlorinated compounds
are ether extractable, and some of
them are small, hydrophobie, and non-
polar. Because of these stable chlori-
nated organic compounds, some
residual AOX will always remain. De-
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7. Treatment of model compounds. 1 =o-chlorophenol; 2=trichloroacetic acid; 3=1,3-dichloro-

2-propanol; 4 =o-chlorobenzoic acid.
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spite this restriction, alkali treatment
followed by precipitation and floccula-
tion is a simple method for reducing
AOX in hardwood C-stage effluent.
In our opinion, treating softwood
C-stage effluent by precipitation and
floceulation in a clarifier would be ef-
fective for reducing both AOX and
COD, since this effluent contains rela-
tively high-molecular-weight organic
compounds that can be easily
sedimented. On the other hand, hard-
wood C-stage effluent is difficult to
treat by this method because it con-
tains relatively lower-molecular-

weight compounds than that of soft-
wood effluent.

For a mill with both a hardwood
and a softwood bleaching line, our work
suggests that AOX and COD can be
reduced by segregating the hardwood
and softwood C-stage effluents. The
segregated hardwood effluent canthen
be treated with alkali prior to sedi-
mentation. Lime treatment of hard-
wood C-stage effluent also is an
effective and economical method for
removing AOX and COD, especially
for mills producing mainly hardwood
bleached kraft pulp.



Experimental

We used effluent from the chlorina-
tion stage of the hardwood fiber line at
the Ishinomaki mill (Nippon Paper In-
dustries). It was fractionated by ultra-
filtration under nitrogen with an
Amicon stir cell using cutoff mem-
branes at 1 kDa and 10 kDa. We frac-
tionated the effluent twice with each
membrane to ensure adequate molecu-
lar-weight separation. Fractionation
was performed before treatment.

Totest AOX reduction, we prepared
solutions of 0.09 /L, for each model
compound. These solutions were
treated in the same manner as the mill
effluent. In addition to AOX measure-
ments, we analyzed the alkali stability
of the model eompounds with a GC-
14A (Shimadzu) gas chromatograph
equipped with an OV-1 capillary col-
umn. For this analysis, 10mM of the
compounds was used. The samples
were diluted in 10 mL of dioxane be-
fore adding 10 mL of 1N NaOH. The
sample was thoroughly mixed, left
overnight, and then analyzed. The re-
sults of this analysis were compared
with a blank of 10 mIL, dioxane mixed
with 10 mL water.

For alkali treatment, we added
aqueous NaOH or a suspension of
Ca(OH), (about 800 ppm) to the efflu-

ent and model compounds until the
pH was more than 12.5. For treat-
ment with AL(SO,),, we added 600 ppm
and adjusted the pH from 6.5 to 7.0
with NaOH. For both Ca(OH), and
AL(S0,), treatment, the supernatant
liquid was decanted after 24 h to ob-
tain a clear supernatant. Precipitates
were discarded. The supernatant was
then tested for AOX and COD. We
observed complete sedimentation af-
ter 2-3 h when using Ca(OH), and
AL(80,),. We did not see any differ-
ences between 3-h and 24-h decanta-
tion.

Extractions were carried out with
diethyl ether in a Soxhlet extractor
for a minimum of 24 h. The pH was
first brought to below 2.5. The ether-
soluble portion was totally evaporated
at 40°C using a rotary vacuum evapo-
rator. We then reconstituted the ex-
tractives to 200X strength using
diethyl ether. For the AOX samples,
we diluted a portion of these extrac-
tives to full strength in water. For
COD, because diethyl ether interferes
with the test, we first evaporated all
the ether and then dissolved the ex-
tractives in water.

AOX was measured with an MCI
TOX-10 organic halogen analyzer. A
dilute effluent sample was passed in
series through two glass tubes con-

taining granular activated carbon. The
inorganic chloride ions were washed
from the carbon with KNO,. The car-
bon was then burned, and the result-
ing HCl was titrated with an MCI
microcoulometer.
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CORRECTION

This product review originally appeared in the October 1993 issue of Tappi Journal and contained errors within its text. The corrected version follows:

DMP CORPORATION

DMP Corporation is North America‘s
leading manufacturer of industrial waste-
water treatment systems, including the
BT 2000 pictured here. For over 20 years,
DMP has helped hundreds of customers,
including corrugators and converters,
solve wastewater problems. DMP has the
knowledge and experience to advise you
regarding all wastewater risks, including
the ones you want to avoid most: wasting

money on inadequate systems, vain at-
tempts to “re-invent the wheel,” and com-
pliance fines.

DMP Corporation
P.0.Box 1088
Fort Mill, SC 29716
Phone: 800-845-3681
Fax: 803-548-3590
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