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THE REMOVAL OF METALS AND
RELEASE OF EDTA FROM PULP
WASH WATER

Patrick Ager and William D. Marshall

Department of Food Science and
Agricultural Chemistry, Macdonald Campus of
McGill University, Ste-Anne-de-Bellevue,
QC H9X 3V9, Canada

ABSTRACT

The interaction of aqueous metal- EDTA complexes with mag-
nesium metal or bimetallic mixtures of magnesium with either
palladium or silver were optimized to remove metals (Cu, Fe
and/or Mn) from solution with concomitant release of the
EDTA ligand. The analyte metals were removed by both
cementation on the surfaces of the excess magnesium metal
and by precipitation as hydroxides. In all cases, the reactions
were rapid and very efficient. The accelerators (Ag or Pd) were
cemented on the surfaces of the magnesium more efficiently so
that the excess of Mg granules could be reused to mediate more
metals removal without apparent loss of reactivity.

INTRODUCTION

Environmental concerns associated with chlorinated bleaching agents
(e.g. Cl, and ClO,) have led to the increased use of more environmentally
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414 AGER AND MARSHALL

benign oxygen-based bleaching agents such as ozone (O3) or hydrogen per-
oxide (H,0O,) in both elemental chlorine-free (ECF) and totally chlorine-free
(TCF) pulp bleaching sequences. The versatility of HO, makes it one of the
most widely used bleaching agents for both chemical and mechanical pulps.
In addition to its central role in the brightening of mechanical pulps and
recycled pulps, H,O» is used to increase the effectiveness of the oxygen/alkali
extraction stages in kraft pulp bleaching. The stability of H,O, is a critical
factor for the brightening of mechanical pulps. Inorganic ions, including
Fe’", Mn>" and Cu®" catalytically decompose H,O,. The more trouble-
some Mn and Fe ions promote the rapid transformation of O; and H,0,
to nonselective hydroxyl radicals that degrade the cellulose fibers and
decrease yields.'? The ready availability of these metallic ions result in
increased manufacturing costs and decreased product quality.

In consequence, it has become common practice to remove metal ions
from the pulp prior the H,O, bleaching stage of the process. Acid treatment
has been considered to be an efficient treatment for controlling metallic ions*
but supplemental Mg must be added back due to its removal during the
treatment. On the other hand, the chelation treatment with EDTA or DTPA
is much less efficient for the removal of alkali and alkaline-earth ions present
in the pulp.”® Recently, it has been reported’ that the use of reducing agents
in combination with DTPA is a cost-effective approach to increase the
removal of harmful transition metal ions. To date, chelation treatment
remains the method of choice for most pulp mills.

The chelating agents form water-soluble complexes with metal
ions permitting them to be removed from the pulp by washing. In pulp
mills operating in an open cycle, these ions are withdrawn continuously
and are discarded with the waste water. With more stringent environmental
controls and the move to effluent-free operations, the metal ions can
be anticipated to accumulate in the processing water.®® The impact of
these metal ions, known as non-process elements (NPEs) have a generally
negative effect under closed-cycle mill operations that include the buildup
of scale, precipitate formation, equipment corrosion and the decomposition
of bleaching chemicals.'® Metal ions are only one component of a broad
array of NPEs in mill effluent. Soluble organic materials, that can also
mediate deleterious changes in bleaching efficiencies, will also accumulate
in the recycled wash water and will have to be removed or otherwise
controlled/inactivated. The quantity/availability of these organic NPEs
might be controlled with a separation operation possibly by extraction
with a benign, water immiscible solvent. However, the scope of the current
report is limited to the description of a possible technique to control the
availability of metal ions.

Copyright © Marcel Dekker, Inc. All rights reserved.
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The ability to recycle a chelating agent can be anticipated to partially
offset the cost associated with chelant extraction of metal ions from pulp.
The electrolysis of a liquid stream containing metal ions from soil was
investigated to release EDTA.'""'? It was reported that post the quantitative
mobilization of Pb using EDTA, up to 92% of EDTA was released by
electrodeposition of the associated metals.'" It provided a re-claimed
EDTA stream that became available to treat additional contaminated
soil.'> The drawbacks of this technique include the rate of reaction, the
selectivity of the reaction and the poisoning of electrode surfaces. An inves-
tigation of the extraction, recovery and biostability of EDTA for soil reme-
diation demonstrated that cationic and anionic precipitants including
calcium sulfide, were able to strip metal ions efficiently from their EDTA
complexes and that the EDTA could be recycled up to 6 times.'?

The use of zero-valent metals has been investigated'*'® as a mean of
removing metal ions from aqueous streams by cementation/precipitation.
Zero-valent Fe was evaluated for the removal of dissolved metals from acid
rock drainage. It was demonstrated that whereas certain ions became
cemented to the surfaces of Fe, other ions were removed predominantly
by precipitation.'* In another study,'® aqueous metal cations were extracted
with an organic solvent (LIX-21) and the loaded organic phase was treated
with a metal powder to selectively reduce the extracted metal cations and to
promote their separation by stripping. The net result was that the organic
phase was purified and could be recycled. Bimetallic mixtures have also been
investigated to treat chlorinated organic contaminants. The addition of
various accelerators to zero-valent metals increased both the efficiency of
contaminant removal and the rate of reaction appreciably.'®!”

The following series of reactions is considered to represent a reason-
able mechanistic scheme that can account for the liberation of EDTA
and the removal of copper, iron and manganese from aqueous media by
cementation and/or precipitation.

M-EDTA“™"~ — M"" + EDTA*" (1)
nMg’ + 2M"™ — Mgt +2M° )
Mg’ + H,0 — Mgt +20H™ +H, (3)
M"" 4+ nOH™ — Fe(OH), “)

Metal- EDTA complex is considered to exist in equilibrium with the free
metal cation (M"") and the active form of the EDTA complexing reagent
(EDTA*", Eq. (1)). The free metal cation (M"") can undergo a spontaneous
redox reaction at the surface of the metallic magnesium (Eq. (2)) with the
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416 AGER AND MARSHALL

result that analyte (M"") is reduced to its metallic form (M") and becomes
plated on the surface of the excess Mg’. On thermodynamic grounds, all
three metal analytes (Cu, Fe and Mn) are predicted to undergo spontaneous
redox reactions with the more electropositive Mg®. (The standard reduction
potential, E°, for the Mg’/Mg>" couple is considered to be ~ —2V).
However, the rates of these reactions are dependent on the chemical identity
of the analyte and the pH of the aqueous system. Concurrently, the zero-
valent (metallic) magnesium can be hydrolyzed by water to liberate divalent
magnesium cation, two equivalents of hydroxide and one equivalent of
molecular hydrogen (Eq. (3)). The remaining metal cation can then
combine with the liberated hydroxide to form sparingly soluble hydroxide
precipitate (Eq. (4)).

The objectives of this work were to evaluate the ability of zero-
valent magnesium (Mg”) in the presence of Pd’ or Ag’ accelerator to
strip Cu, Mn and Fe from their EDTA complexes. After removing the
metal ions, the released EDTA was also to be determined. Finally, this
technique was to be evaluated with a simulated post-chelation sample of
wash water.

EXPERIMENTAL
Reagents

Aqueous Cu-EDTA, Zn-EDTA, Mn-EDTA and Fe-EDTA were
diluted in double deionized water (D.D.W.) and used for the metal mobili-
zation experiments. Aqueous Na,EDTA and 0.1 M Cr(NO3)3-9H,O were
prepared from ACS reagent grade chemicals for the spectrophotometric
determination of EDTA. Sufficient AgNO; or K,PdClg accelerator, to
result in a 0.3 or 0.1% (w/w) loading respectively, were added to the mag-
nesium (Mg) flakes (12—50 mesh). Sodium diethyldithiocarbamate (DEDC)
and NaOH were used for the sample preparation and nitric (HNO3;) acid
was used to adjust the pH. Chemicals, ACS reagent grade or better, were
purchased from Aldrich Chemical Co., Milwaukee, WI (USA), Alfa Aesar,
Ward Hill, MA (USA), Sigma, St. Louis, MO (USA), Acros Organics,
Fairlawn, NJ (USA), or Fisher Scientific, Ottawa, ON (CANADA).

Metal Removal

Magnesium flakes (0.5g, 12-50 mesh) were added to a 50ml test
tube prior to the addition of the accelerator K,PdClg [0.03—0.29% (w/w)

Copyright © Marcel Dekker, Inc. All rights reserved.
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REMOVAL OF METALS AND RELEASE OF EDTA 417

as Pd°/Mg"] or AgNO; [0.01-2.74% (w/w) as Ag’/Mg"]. An aqueous
mixture (10ml) of Cu-EDTA, Fe-EDTA, Mn-EDTA and/or Zn-EDTA
and 0.5M CacCl, was added to the bimetallic mixture and reacted, at room
temperature, for either 3 or 10 min. Post reaction, the solution was filtered
through a 45 um nylon Whatman filter paper and the filtrate, the precipitate
and/or the rinsed and dried magnesium flakes were analyzed separately to
determine the content of metals.

Quantification of EDTA

Prior to EDTA quantification, the sample was stripped of the more
troublesome metal ions by adding excess NaOH to the wash water to pre-
cipitate Mn and Fe. The suspension was filtered to remove the precipitated
metals and the filtrate was assayed spectrophotometrically after pH adjust-
ment to ~5 with HNO; and DEDC added to precipitate Cu (if necessary).
For aqueous filtrate from the Pd’/Mg® or Ag’Mg" reaction, treatment
with NaOH/DEDC was not necessary. Metal ions were absent and the
spectrophotometric method was applied directly to the filtrate (see below).

The concentrations of complexed and free EDTA were determined
spectrophotometrically.'® Sample filtrate (4ml) was added to a test tube
containing 1 ml of 0.1 M Cr(NO3);-9H,0 solution. The pH of the solution
was adjusted to 2-3 with 20% HNO;, closed tightly and digested at 100°C
for 15min. A blank sample, containing 4ml D.D.W. was treated analo-
gously. After cooling, the absorbance at 555nm, was measured against
the sample blank and the concentration was estimated by means of a cali-
bration curve.

Pulp Chelation Pretreatment

A sample of black spruce pulp was obtained from Paprican (Pointe-
Claire, QC, Canada). The metal ion content was determined with a GBC
9100 atomic absorption spectrometer following the PAPTAC G.30P testing
method.'® Based on three replicate determinations, the mean concentration
(£1 RSD) of manganese, iron and copper of the filtrate were determined to
be 62.3 +1.5nug/g; 79.7 £ 3.3 ng/g; and 2.3 +0.9 ug/g, respectively. The pulp
sample was diluted in D.D.W. containing 5% (w/w) EDTA to a consistency
of 3% and mixed in a Stomacher for 5min. The pulp slurry was then heated
in a water bath at 70°C for 60min, cooled and the slurry was filtered
through a Buchner funnel and pressed. An aliquot, 30 ml of filtrate, was
treated with the Pd®/Mg® or Ag’/Mg® bimetallic mixture.

MaRcEL DEKKER, INC.
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RESULTS AND DISCUSSION
EDTA Standard Experiments

Preliminary experiments with Mn-EDTA standard (Figure 1) indi-
cated that the Mn (5.4 umoles) was removed, virtually quantitatively, by
either 0.5 or 1 g of Mg flakes reacted with ~5mg K,PdClg or 0.3% (w/w)
— Pd’/Mg°. Because differences were negligible, 0.5 g Mg was chosen for all
subsequent experiments. Timed studies were conducted using either 3 or
10min as presented in Table 1. A mixture of Mn-EDTA (5.4 umoles),
Fe-EDTA (5.6 pmoles) and Cu-EDTA (5.3 umoles) was reacted with 0.3%
(w/w) — Pd°/Mg° for 3 or 10 min. The Fe and Cu were removed quantita-
tively within 3 min and the Mn was removed virtually quantitatively after
10 min and 96.7% after 3 min. Higher loadings of individual metal EDTA
complex (Fe-EDTA, 16.7umoles; Mn-EDTA, 16.1 umoles; Cu-EDTA
15.8 umoles; or Zn-EDTA, 15.2 umoles) were reacted, for 3 or 10min,
following the same procedure. For the higher metal ion loadings, the
efficiency of the Mg®/Pd° bimetallic mixture remained efficient for all
three metals with greater than 99% removal after 3 or 10 min of reaction.
Zn-EDTA was also investigated — the results demonstrated a virtually quan-
titative removal of the Zn within 3 or 10 min of reaction.

Based on these results, a reaction time of 3 min was deemed sufficient
and was used for subsequent investigations.

105

101 4 -c e T

97

93 1{--

Mn removal (%)

89

0.50

1.00

Amount of Mg (g)

Figure 1. Mn removal from Mn-EDTA using various amount of Mg’ metal as
Pd%/Mg’.
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Table 1. Efficiencies, with Time, for the PdO/MgO Removal of Mn,
Fe, Cu and/or Zn from a Solution Containing Mn-EDTA, Fe-EDTA,
Cu-EDTA and/or Zn EDTA

Pd°/Mg” Reaction Time

Metal-EDTA/umoles 3min+ 1 RSD' 10 min £+ 1 RSD
Mixture M-EDTA
Mn/5.4 96.7£0.8 99.6+5.8
Fe/5.6 N.D.} N.D.
Cu/5.3 N.D. N.D.
Individual M-EDTA
Mn/16.1 96.0£0.8 N.D.
Fe/16.7 N.D. N.D.
Cu/15.8 99.3+3.2 N.D.
Zn/15.2 99.9+4.7 99.9+£3.0

fRelative standard deviation (based on three replicate determinations).
¥None detected (<0.025 pg/ml Cu, 0.02 pg/ml Mn and 0.05 ug/ml Fe).

In an effort to increase the rate of reaction, the influence of potential
accelerators (palladium or silver) added with the Mg flakes was investigated
systematically. Figures 2A and 2B present the results observed when a mix-
ture of Mn-EDTA (5.4 umoles), Fe-:EDTA (5.6 umoles) and Cu-EDTA
(5.3 umoles) was reacted, for 3min, with Pd’/Mg’ or Ag’/Mg°® that
had been prepared with various ratios of Pd°/Mg° [0.03-0.29% (w/w)] or
Ag’/Mg° [0.01-2.74% (w/w)]. Figure 2A demonstrates that the Fe was
removed efficiently from solution in the absence of Pd — only a slight improve-
ment was observed with the addition of this accelerator. For Cu, an increase
of approximately 11% was observed with the addition of 0.03% Pd° — for
increased loadings of Pd on the Mg” surfaces, the removal remained constant.
On the other hand, Mn removal was increased (~12%) by the addition of
0.03% Pd° but a further increase in the loading of Pd caused a slight decrease
(not significant) in the efficiency of Mn removal. Excess Pd, added to the
aqueous mixture, generated an unnecessary precipitate that reduced the
metal removal efficiency. In Figure 2B, an aqueous aliquot of AgNO3; was
reacted with Mg flakes for 15s before the addition of the mixture of
metal-EDTA for 3 min. The results demonstrated a trend that, qualitatively,
was similar to the results observed with Pd. The Fe was removed efficiently
(97%) in the absence of Ag accelerator and quantitatively in the presence of
Ag. The Cu and Mn followed a similar pattern with ~90% removal without
Ag and virtually quantitative removal in the presence of Ag. The addition of

MaRcEL DEKKER, INC.
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Figure 2. The role of the Pd°® accelerator (A4) and the Ag® accelerator (B) on the Mg
mediated removal of Cu, Mn or Fe from metal- EDTA solution.

either Pd or Ag increased the removal of Mn and Cu ions but the Fe was
removed virtually quantitatively without added Pd° and Ag’.

A summary of results observed when a mixture of Mn-EDTA
(5.4 pmoles), Fe-:EDTA (5.6 umoles) and Cu-EDTA (5.3 pmoles) were
reacted with Pd°/Mg° or Ag’/Mg® for 3 min are recorded in Table 2. This
table presents the efficiency of metals removal from solution, the quantities of
EDTA that were recovered post stripping and the fate of the metals
post reaction (precipitation as insoluble hydroxide or cementation, as
zero-valent metal, on the surface of the excess Mg metal). However, the
sum of the fraction of metal that had been cemented plus the fraction
of metal that had been precipitated did not account for the entire
substrate metal- EDTA complex that had been added to the solution initially.

Copyright © Marcel Dekker, Inc. All rights reserved.
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Table 2. Metal Removal Efficiency and EDTA Recovery for the Pd°/Mg® or
Ag’/Mg® Mediated Reaction with Cu-EDTA, Mn-EDTA and Fe-EDTA Complex
During 3 min

Metal Metal Metal EDTA

Metal Ion/ Extracted Cemented Precipitated Recovered
pmoles +1RSDY (%) +1RSD (%) =+1RSD (%) =+1RSD (%)
Pd°/Mg° — 3 min

Cu! N.DS 18.4+1.1 66.5+0.6

Mn? 96.74+0.8 103+1.4 844404 90.140.0

Fe? N.D. 7.0+3.1 87.4+0.6

pd* N.D. 24.4+43 39.3+2.6
Ag’/Mg® — 3min

Cu' 99.24+3.5 30.84+0.6 438 +1.7

Mn? 98.74+3.8 13.141.1 723404 93.340.0

Fe? 98.6 £3.3 10.8+2.5 71.2+1.6

Ag’ N.D. 62.8+1.7 114439

153, 25.4, 35.6, *12.6 and 10.0 pmoles.
?Relative standard deviation (based on three replicate determinations).
YNone detected (<0.025 pg/ml Cu, 0.02 pg/ml Mn and 0.05 pg/ml Fe).

Results have been expressed as percentages (%). The Pd°/Mg® experiments
demonstrate that the metals were removed virtually quantitatively from the
aqueous medium and that Pd ion was not detected in the aqueous fraction.

In order to determine whether the metals were precipitated as metal
hydroxides or cemented onto the Mg® surface, the filter paper and the Mg
flakes were analyzed separately.

To ascertain if the metals had been precipitated, the content of the
filter paper was dried, dissolved in 20% HNOj; and quantified with flame
atomic absorption spectrometry (F-AAS). An appreciable proportion of the
Cu, Fe, Mn and Pd had been precipitated (67, 87, 84 and 39% respectively).
Calcium seemed to play an important role in the metal transfer from the
EDTA complexes. It was suggested that, at high pH, ligands including
EDTA, NTA and succinate could be bound with calcium freeing up the
heavy metals to form hydroxide or carbonate solids.?’

The final pH (~10.5) provided a strong indication of the formation of
Mg(OH),. It is well known that metals and their EDTA complexes are
precipitated by the presence of sufficient quantities of hydroxide ion.?! To
verify if a portion of the metals had been cemented to the surfaces of Mg,
the excess flakes that remained after the reaction were washed with copious
quantities of D.D.W., dried in the oven, dissolved in 20% HNO; and
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analyzed by F-AAS. It was demonstrated that 18, 7, 10 and 24% of the Cu,
Fe, Mn and Pd respectively had been cemented to Mg’. The Cu and Pd
seemed to have been cemented relatively efficiently.

The recovery of EDTA was determined using the Cr(IIl) assay. A
strong correlation between the color developed at 555nm and the quantity
of EDTA added to calibration standards was observed (R, 0.9993).
Interestingly, more than 95% of the EDTA was recovered from the aqueous
metal.EDTA mixture after the treatment with Pd’/Mg°. The Ag®/Mg” treat-
ment was investigated with the same procedures. An analogous trend was
observed — the Fe, Cu and Mn were removed efficiently (~98%) from
metal-EDTA complexes. Ag ion was not detected in the aqueous fraction.
Further investigations demonstrated that Cu, Fe, Mn and Ag were precipi-
tated at 44, 71, 72 and 11% respectively. Cu, Fe, Mn and Ag were cemented
to Mg” at 31, 11, 13 and 63% respectively. The Ag was cemented more
efficiently than the Pd ion. At the same time, 93% of the EDTA was released
from the metal- EDTA complexes. Both treatments with bimetallic mixture
(Pd°/Mg® and Ag®/Mg°) provided similar behaviors and metal removal effi-
ciencies. The one difference resided in the cementation efficiency of the
accelerator to Mg” with Ag® being cemented more efficiently than the Pd’.

An attempt to reuse the Mg flakes after Pd°/Mg° treatment was also
performed (Figure 3). After each Pd°/Mg° treatment, the flakes were washed
with 1% HNO; for a short time and rinsed with D.D.W. The washed flakes
were then used to remove the metals from fresh solution containing
Mn-EDTA (5.4 umoles), Fe-EDTA (5.6 umoles) and Cu-EDTA (5.3 umoles).
The procedure was repeated for a total of 5 times. Figure 3 demonstrates
that it was possible to recycle the Mg flakes up to 5 times and this with little
decrease in removal efficiencies. Presumably, the number of cycles could

104 _ S
'_g —eo—Mn
£ _E._Fe
s --a--Cu
]
(]
=

1st 2nd 3rd 4th 5th
Number of acid wash

Figure 3. Recycling of Mg metal after 1% (v/v) HNOj; washing.
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have been extended if the experiment had been initiated with a sufficient
excess of Mg’.

Simulated Wash Water Sample

The procedure was then applied to a simulated wash water from a black
spruce pulp sample. As summarized in Table 3, the residual amounts of
metals present in the filtrate were reduced to the limit of detection for the
Fe and the removal efficiency was improved somewhat (90 to 95%)
by increasing the reaction time, with Pd°/Mg’, from 3 to 10 min. The Pd ion
was not detected in the filtrate. Both cementation and precipitation were

Table 3. Reactions, for 3 and 10 min, of Pd®/Mg® or Ag’/Mg°® with Wash Water
from Black Spruce Pulp

Metal Metal Metal EDTA

Metal lon/ Extracted Cemented Precipitated Recovered
pmoles 1+£RSDY (%) 1+£RSD (%) 1+£RSD (%) 1+RSD (%)
Pd°/Mg° — 3min

Cu! N.DJS N.D. N.D.

Mn? 90.4 +3.4 26.7+£2.3 47440.5 86.34+0.0

Fé? N.D. 41.6+3.9 558+1.0

Pd* N.D. 259+1.6 70.74+0.5
Pd°/Mg® — 10 min

Cu! N.D. N.D. N.D.

Mn? 95.0+6.7 237423 472+0.5 84.44+0.0

Fe? N.D. 38.74+42 528412

pd* N.D. 26.6+1.9 66.8+0.6
Ag®/Mg°® - 3min

Cu! N.D. N.D. N.D.

Mn? 54.3+0.6 24.6+2.3 28.24+0.8 94.54+0.0

Fe? N.D. 453462 56.34+0.0

Ag’ N.D. 52.440.8 455423
Ag’/Mg°® - 10 min

Cu! N.D. N.D. N.D.

Mn? 82.54+0.6 28.5+2.0 487404 95.04+0.0

Fé? N.D. 41.6+3.9 52.6+0.6

Ag’ N.D. 60.3£2.5 34.6+£2.5

153, 25.4, 35.6, *12.6 and 10.0 pmoles.
?Relative standard deviation (based on three replicate determinations).
SNone detected (< 0.025 pg/ml Cu, 0.02 pg/ml Mn and 0.05 pg/ml Fe).
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424 AGER AND MARSHALL

observed in these trials as well. There were no significant differences in the
results after 3 or 10 min of reaction. The Mn, Fe and Pd were precipitated at
~47, 54 and 68% and cemented at ~26, 41 and 26% for both reaction times.
Approximately 86% of the EDTA was recovered. The Ag’/Mg" treatment
proved to be somewhat less efficient in removing the Mn (~54% after 3 min)
but increased to 83% removal after 10 min.

In both cases, the Fe was removed quantitatively. The cementation/
precipitation results were not significantly different from each other for the 3
and 10 min reaction time except for the Mn due to the different extraction
efficiency. The results for the Ag’/Mg° trials were very similar to the results
obtained with the Pd°/Mg" treatment. Approximately 95% of the EDTA
was recovered.

CONCLUSION

Magnesium metal was demonstrated to strip copper, iron and manga-
nese from their metal. EDTA complexes and to remove them from solution
by both cementation (on the surfaces of the excess Mg®) and precipitation as
hydroxides. The rates of reaction were increased by the presence of either
Ag® or Pd° accelerator on the Mg® surfaces so that metals, at levels com-
parable to those in waste waters from treated softwoods, were removed
efficiently within 3min and virtually quantitatively within 10 min. The Pd°
and Ag® accelerators were cemented to the Mg® surfaces somewhat more
efficiently than the target metals so that excess Mg metal could be reused to
mediate the destruction of more metall EDTA complex without apparent
loss of reactivity. The EDTA complexing reagent was recovered efficiently
(but not quantitatively) and could have been recycled to complex more
metals from the virgin pulp.
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