US 20060249460A1
a9y United States

a2y Patent Application Publication o) Pub. No.: US 2006/0249460 A1

Reddy 43) Pub. Date: Nov. 9, 2006
(54) METHOD FOR REMOVING ARSENIC FROM  (22) Filed: May 9, 2005
WATER

Publication Classification
(75) Inventor: Katta Jayaram Reddy, Laramie, WY

Us) (51) Int. CL
BO1J 49/00 (2006.01)

Correspondence Address: (52)  US. Cl viciivtneseeeseiececiesieeseneseenne 210/670

g(())A];l“(S) ;zSBENNETT, PLLC 57) ABSTRACT
RALEIGH, NC 27602 (US) The present invention relates to methods for the rejuvenation
of cupric oxide having adsorbed arsenic from arsenic con-
(73) Assignee: University of Wyoming taminated water. The rejuvenated cupric oxide may be
recycled to again react with and adsorb arsenic in arsenic

(21) Appl. No.: 11/124,951 contaminated water.
Cupric Oxide Having 10
Adsorbed Arsenic

Reacting the Cupric
Oxide Having 12
Adsorbed Arsenic
with a Strong Base

Desorbing Arsenic 14
from the Cupric Oxide [

Separating the Cupric
Oxide from the Strong 16
Base and Desorbed
Arsenic
Y
Re-equilibrate the 18

Cupric Oxide




Patent Application Publication Nov. 9,2006 Sheet 1 of 2 US 2006/0249460 A1

Cupric Oxide Having 10
Adsorbed Arsenic

Reacting the Cupric
Oxide Having 12

Adsorbed Arsenic
with a Strong Base

|

Desorbing Arsenic 14
from the Cupric Oxide

l

Separating the Cupric

Oxide from the Strong 16

Base and Desorbed
Arsenic

|

Re-equilibrate the 18
Cupric Oxide

FIG. 1



US 2006/0249460 A1

Nov. 9,2006 Sheet 2 of 2

Patent Application Publication

¢t —

aseg 3uong
® )M O1UdsIy
paqlospy
Suiaey
apixQ oudn)
9y} Sunoeay

¢ 'Old

4

0t —

OIUQSIY
paqiospy
Buiaey
apixQ sudn)

8¢

weang
Iajem payung

OTUISIY
ap1xQ dudn) »|  P9gI0S3(] pue aseq ol 9pIxQ oudn)
9y} WO} JIUISIY 3uong ay1 woij apIxQ Y
3uiqiosag oudn) Suneredog uneiqipinba-oy
ve 9¢ 8¢
oM \ 4
> Ewcomwcombﬂ apixQ sudn) 3prxQ dudn) oM
paqlospy : :
wc_ ACH < QY] 0] JTUaSly < @MM”,—MHOMM\_WU < pojeurwRIUO))
oprxQ oudn) oy Suiqiospy oEoEﬁ - OIUDSIY
ay) Suneredag i i i
|
ve (A4 0c

9¢




US 2006/0249460 Al

METHOD FOR REMOVING ARSENIC FROM
WATER

BACKGROUND

[0001] Arsenic contaminates many aquifer systems world-
wide and is commonly detected in ground water at concen-
trations exceeding current drinking water maximum con-
taminant levels. Arsenic is associated with a number of
adverse effects on human health and is considered to be a
human carcinogen.

[0002] Arsenic is a redox-sensitive element. As a result,
arsenic may be present in a variety of redox states. In most
aquifer and ground water systems having arsenic (As), the
arsenic species are generally present as arsenate (As>*) or
arsenite (As>").

SUMMARY

[0003] The present invention relates to methods for the
rejuvenation of cupric oxide having adsorbed arsenic from
arsenic contaminated water. The rejuvenated cupric oxide
may be recycled to react with and adsorb arsenic in arsenic
contaminated water.

[0004] In one process cupric oxide having adsorbed
arsenic is rejuvenated by reacting the cupric oxide having
adsorbed arsenic with a strong base such as sodium hydrox-
ide to desorb the arsenic from the cupric oxide. The cupric
oxide is then separated from the strong base and arsenic and
re-equilibrated for recycling.

[0005] In another process cupric oxide is reacted with
arsenic contaminated water. The arsenic adsorbs to the
cupric oxide. The cupric oxide having adsorbed arsenic is
then separated from the water and reacted with a strong base
to desorb the arsenic from the cupric oxide. The cupric oxide
is then separated from the strong base and arsenic and
re-equilibrated for recycling.

BRIEF DESCRIPTION OF THE DRAWINGS

[0006] FIG. 1 is a flow chart illustrating one process for
the rejuvenation of cupric oxide having adsorbed arsenic for
reuse in accordance with the present invention; and

[0007] FIG. 2 is a flow chart illustrating a process that
utilizes cupric oxide to remove arsenic from water.

DETAILED DESCRIPTION

[0008] The present invention relates to processes for the
rejuvenation of cupric oxide having adsorbed arsenic from
water. The term arsenic is used broadly herein to define all
redox states of arsenic such as arsenite (As>*), arsenate
(As™), arsine (As®") and elemental arsenic (As)

[0009] With reference to FIG. 1, in one process cupric
oxide having adsorbed arsenic from arsenic contaminated
water may be rejuvenated and recycled to again react with
and adsorb arsenic in contaminated water.

[0010] In this process cupric oxide has reacted with
adsorbed arsenic (Step 10). To rejuvenate the cupric oxide,
the cupric oxide is separated from the adsorbed arsenic.
Arsenic adsorption to cupric oxide appears to be a pH
dependant reaction that is optimal from a pH of about 6 to
9. Natural influents of arsenic contaminated water typically
fall within this pH range without needing pH adjustment.
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[0011] Conversely, at an elevated pH arsenic adsorption
by cupric oxide decreases. At elevated pH levels protons
dissociate from the arsenic and the arsenic’s ability to react
with the cupric oxide is reduced. This increases arsenic
mobility and causes arsenic to desorb from the cupric oxide
under certain conditions greater than a pH of about 9.

[0012] The cupric oxide having adsorbed arsenic is
reacted with a strong base such as sodium hydroxide (Step
12). This elevates the pH and causes the arsenic to desorb
from the cupric oxide (Step 14).

[0013] Following desorption of the arsenic, the cupric
oxide is separated from the strong base and arsenic (Step
16). The cupric oxide may be separated by conventional
means, including filtration, flocculating, settling, skimming,
vortexing, centrifugation, magnetic separation, or other
well-known separation systems.

[0014] The separated cupric oxide may be alkaline from
the desorption reaction with the strong base. Alkaline cupric
oxide may not be effective for recycling to again react with
and adsorb arsenic from contaminated water. The cupric
oxide may be prepared for effective recycling by re-equili-
brating the cupric oxide to a pH of about 7 (Step 18). In one
process the cupric oxide may be simply and economically
re-equilibrated by washing the cupric oxide with arsenic-
free water until the pH reaches about 7.

[0015] The re-equilibrated cupric oxide may then be dried,
resulting in rejuvenated cupric oxide effective for recycling
to again react with and adsorb arsenic in contaminated water.

[0016] Inone process the strong base utilized to desorb the
arsenic from the cupric oxide may be selected from group 1A
or I1A alkaline hydroxides such as sodium hydroxide, potas-
sium hydroxide, lithium hydroxide, magnesium hydroxide,
calcium hydroxide, rubidium hydroxide, cesium hydroxide,
strontium hydroxide, barium hydroxide and aluminum
hydroxide.

[0017] The process or method for rejuvenating or cupric
oxide is particularly useful in a process or method for
puritying water having arsenic. As explained below, cupric
oxide can be utilized to remove arsenic from water. Over
time the effectiveness of the cupric oxide decreases due to
the content of adsorbed arsenic. Hence, the cupric oxide can
be rejuvenated according to the process described above and
the rejuvenated cupric oxide can be recycled and used in the
water treatment process.

[0018] A schematic of a process for treating arsenic con-
taminated water is illustrated in FIG. 2. Arsenic contami-
nated water (Step 20) is reacted with insoluble particles of
cupric oxide (Step 22). Contact between the cupric oxide
and the arsenic containing water stream is maintained for a
time period sufficient for the arsenic to be bound to the
cupric oxide by adsorption (Step 24).

[0019] Arsenic adsorption to cupric oxide appears to be a
pH dependant reaction that is optimal from a pH of about 6
to 9. Natural influents of arsenic contaminated water typi-
cally fall within this pH range without needing pH adjust-
ment. The adsorption of arsenic is accompanied by the
uptake of protons. Arsenic adsorption to cupric oxide is
usually quite rapid. The length of time required for adsorp-
tion of the desired quantity of arsenic is dependent on a
variety of factors, including pH and temperature of the
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water, quantity of arsenic present in the water and quantity
of competing ions present in the water.

[0020] Following reacting the particles of cupric oxide
with the arsenic contaminated water for the desired time, the
water may be directed to a separator where the cupric oxide
having adsorbed arsenic may be separated from the water
(Step 26).

[0021] The cupric oxide having adsorbed arsenic may be
separated from the water by conventional means, including
filtration, flocculating, settling, skimming, vortexing, cen-
trifugation, magnetic separation, or other well-known sepa-
ration systems. The result of separation is a purified water
stream without arsenic (Step 28) and a waste stream of
cupric oxide having adsorbed arsenic (Step 30). The purified
water stream may need to be deionized, re-equilibrated or
further treated before being potable.

[0022] The waste stream of cupric oxide having adsorbed
arsenic may be rejuvenated and recycled to again react with
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pH reaches about 7. The re-equilibrated cupric oxide may
then be dried, resulting in a rejuvenated cupric oxide capable
for recycling (Step 22)

EXAMPLE 1

[0025] In one example fifty milliliter liquids having
arsenic standards between 50 and 150 micrograms per liter
(ng/L) were reacted with 0.5 grams of cupric oxide particles.
The liquids were then centrifuged to separate the cupric
oxide particles having adsorbed arsenic. The resultant super-
natant was removed, filtered and analyzed for arsenic to
determine an arsenic adsorption rate.

[0026] The cupric oxide particles having adsorbed arsenic
were reacted with 49 ml of sodium hydroxide having a pH
of approximately 12.75. The mixture was then centrifuged.
The sodium hydroxide-arsenic solution was removed, fil-
tered and analyzed for arsenic to determine arsenic desorp-
tion rate. Table 1 illustrates the recorded data.

TABLE 1
pH of the Arsenic pH of the Arsenic
Liquid Sample  Concentration in  Liquid Sample  Concentration in
Before the Liquid Sample After the Liquid Sample  Arsenic
Liquid Treatment with Before Treatment Treatment with  After Treatment Adsorbed
Sample CuO with CuO (ug/L) CuO with CuO (ug/L) (%)
1 8.04 56.8 7.86 1.2 97.88
2 8.43 142.3 8.22 2.0 98.59
Concentration of Total
CuO-As Dissolved Cu Before Concentration of Total Concentration of ~ Arsenic
from the  Addition of the Strong Dissolved CuAfter Addition Arsenic Desorbed Desorbed
Sample Base (ug/L) of the Strong Base (ug/L) (ng/L) (%)
1 12.8 144 543 95.59
2 36.5 136.5 128.8 90.51

and adsorb arsenic in contaminated water. To rejuvenate the
cupric oxide, the cupric oxide is separated from the adsorbed
cupric oxide. As described above, arsenic adsorption to
cupric oxide appears to be optimal between a pH from about
6 to 9. Conversely, at an elevated pH arsenic adsorption to
cupric oxide decreases. At elevated pH levels protons dis-
sociate from the arsenic and the arsenic’s ability to react
with the cupric oxide is reduced. This increases arsenic
mobility and causes arsenic to desorb from the cupric oxide
under certain conditions greater than a pH of about 9.

[0023] As discussed above, to rejuvenate the cupric oxide,
(Step 30) a strong base such as sodium hydroxide is reacted
with the cupric oxide. (Step 32). This elevates the pH and
causes the arsenic to desorb from the cupric oxide (Step 34).
Following adsorption of the arsenic, the cupric oxide is
separated from the strong base and arsenic (Step 36) by the
separation techniques described above.

[0024] The separated cupric oxide may be alkaline from
the desorption reaction with the strong base. Alkaline cupric
oxide may not be effective for recycling to again react with
and adsorb arsenic from arsenic contaminated water. The
cupric oxide may be prepared for recycling by re-equilibrat-
ing the cupric oxide to a pH of about 7 (Step 38). In one
process the cupric oxide may simply be re-equilibrated by
washing the cupric oxide with arsenic-free water until the

[0027] Briefly reviewing Table 1, it is seen that two
samples of the arsenic contaminated water or liquid was
tested. In the case of Sample 1, the addition of cupric oxide
to the contaminated water resulted in 97.88% of the arsenic
being absorbed by the cupric oxide. In the case of Sample 2,
after the cupric oxide was added to the contaminated water,
it was determined that 98.59% of the arsenic in the water
was absorbed by the cupric oxide. In both cases, the cupric
oxide with the absorbed arsenic was separated from the
purified liquid or water. In each case the separated cupric
oxide having absorbed arsenic was reacted with a strong
base, which in this case was sodium hydroxide. In the case
of the first sample of cupric oxide-arsenic, the treatment of
the sample with the sodium hydroxide resulted in 95.59% of
the arsenic being desorbed or removed from the cupric
oxide. In the case of Sample No. 2, 90.51% of the arsenic
was desorbed or removed from the cupric oxide.

[0028] The data suggests that cupric oxide particles are
efficient in adsorption of arsenic from water. Cupric oxide
may also rejuvenate very efficiently by desorbing arsenic by
reaction with a strong base such as sodium hydroxide. The
rejuvenated cupric oxide may be re-equilibrated until reach-
ing a pH of about 7. The re-equilibrated cupric oxide may be
recycled to again react with and adsorb arsenic from arsenic
contaminated water.



US 2006/0249460 Al

[0029] The ability to rejuvenate and recycle cupric oxide
to remove arsenic from contaminated water significantly
lowers the cost of operating a water treatment system
utilizing cupric oxide in an arsenic removal process. One
specific system is described in International Publication No.:
WO02005/028736, the disclosure of which is incorporated
herein by reference.

[0030] Although the process of the invention is primarily
envisioned for removing dissolved arsenic from drinking
water and groundwater, it will be understood that the process
can be used to treat any water or water stream that contains
undesirable amounts of arsenic. Examples of such water
streams include, among others, well waters, surface waters,
such as water from lakes, ponds and wetlands, agricultural
waters, wastewater from industrial processes, and geother-
mal fluids.

[0031] The present invention may be carried out in other
specific ways than those herein set forth without departing
from the scope and essential characteristics of the invention.
The present embodiments are, therefore, to be considered in
all respects as illustrative and not restrictive, and all changes
coming within the meaning and equivalency range of the
appended claims are intended to be embraced therein.

What is claimed is:
1. A method of rejuvenating cupric oxide having adsorbed
arsenic, the method comprising the steps of:

reacting the cupric oxide having adsorbed arsenic with a
strong base and desorbing the arsenic from the cupric
oxide; and

separating the cupric oxide from the strong base and

arsenic.

2. The method of claim 1 further comprising the step of
reacting the cupric oxide with arsenic contained in a water
stream.

3. The method of claim 1 wherein the strong base is
selected from the group consisting of sodium hydroxide,
potassium hydroxide, lithium hydroxide, magnesium
hydroxide, calcium hydroxide, rubidium hydroxide, cesium
hydroxide, strontium hydroxide, barium hydroxide and alu-
minum hydroxide.

4. The method of claim 1 wherein the strong base is
sodium hydroxide.

5. The method of claim 1 wherein the strong base has a pH
of at least 12.

6. The method of claim 1 wherein the cupric oxide is
re-equilibrated by washing the cupric oxide with arsenic-
free water.
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7. The method of claim 6 further comprising the step of
drying the cupric oxide.

8. The method of rejuvenating cupric oxide of claim 1
including after desorbing the arsenic from the cupric oxide
and separating the cupric oxide from the strong base and
arsenic, re-equilibrating the cupric oxide.

9. The method of claim 8 wherein the cupric oxide is
re-equilibrated to a pH of about 7.

10. A method of removing arsenic from water, comprising
the steps of:

reacting cupric oxide with arsenic contaminated water,
wherein the reaction results in the cupric oxide adsorb-
ing arsenic in the water;

separating the cupric oxide having adsorbed arsenic from
the water;

reacting the cupric oxide having adsorbed arsenic with a
strong base and desorbing the arsenic from the cupric
oxide; and

separating the cupric oxide from the strong base and

arsenic.

11. The method of claim 10 further comprising the step of
recycling the cupric oxide by reacting the cupric oxide with
arsenic contaminated water.

12. The method of claim 10 wherein the strong base is
selected from the group consisting of sodium hydroxide,
potassium hydroxide, lithium hydroxide, magnesium
hydroxide, calcium hydroxide, rubidium hydroxide, cesium
hydroxide, strontium hydroxide, barium hydroxide and alu-
minum hydroxide.

13. The method of claim 10 wherein the strong base is
sodium hydroxide.

14. The method of claim 10 wherein the strong base has
a pH of at least 12.

15. The method of claim 10 wherein the cupric oxide is
re-equilibrated by washing the cupric oxide with water.

16. The method of claim 15 further comprising the step of
drying the cupric oxide.

17. The method of claim 10 wherein after the cupric oxide
has been separated from the strong base and arsenic, re-
equilibrating the cupric oxide.

18. The method of claim 17 wherein the cupric oxide is
re-equilibrated to a pH of about 7.



