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Introduction

Water pollution has been a serious problem worldwide. The clean water sources round the
globe have become very limited and waste water such as factory effluents coraains
pollutants like heavy metals ions, harming the wildlife and human environment when
discharged. Many people have been making an effort in finding new and better ways of
water treatment in order to reuse water. But so far most water treatment pragraivis i

a huge amount of resources and are very expensive even for doatheccial and
domestic use.

After reading a number of academic papers as reference, we found that iron compounds
were claimed to be effective in adsorbing anions like phosphate aasmarious heavy

metal ions such as copper(ll) and nickel(ll) ions, the major pollutants found in waste
water Thus in this project, our group will try to explore a cheaper and more recyclable
way to treat water, using iron compounds. We will also maket@mpt in using used

hand warmer powder with iron oxides as its main ingredient to treat waste water. Hand
warmer powder can be commonly found in households and so it would be a good
domestic adsorbent source.

In part I, we will first prepare hydrous fer oxide (HFO) of different structures by
mixing iron(lll) chloride solution and aqueous sodium hydroxide or ammonia and
varying the pH of thesupernatant liquidSince the chemical composition of used hand
warmer powder might be similar to that of HFO, we will identify substances present in
the powder, possibly unused iron, hydrous iron(lll) oxide, activated carbon and
vermiculite, and try to isolate them. HFOepared under different pH, hand warmer
powder of different brands, hand warmer powder treated with hydrochloric acid under
different conditions, iron filings, iron(lll) oxide and activated carbon lailér be tested

as adsorbents.
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In part I, we will focus on the effectiveness of anion adsorption. For part Il1A, we will
investigate the effectiveness of the adsorbents mentioned above on phosphate adsorption
by colorimetric measurement with the addition of ammonium molybdate followed b
tin(Il) chloride to the treated water samples. The phosphate content of each treated water
sample can be obtained by comparing the absorbance with a calibration curve.

For part 1IB, we will investigate the effectiveness of dichromate adsorption on the
adsorbents mentioned above by colorimetric measurement as the colour intensity of
dichromate solution changes with its concentratioe will also investigate the effect

of time on dichromate solution adsorption of a particular adsorbent by varying the
durdion of the adsorbent in contact with dichromate solution.

In part I, we will investigate the effectiveness of the adsorbents on heavy metal ions (e.g.
CU, Zr?*, P, Ni**) and hardness (i.e. €aMg?") adsorption. For part llIA, the effect

of Zn** adsorption will be determined by carrying out titration against EDTA. For part
l1IB, the effect of Ca*, Ni** adsorption will be investigated by colorimetric measurement,
with the addition of ethang,2-diamine to the water samples containing?'Cand Nf*.

For part IlIC, the effect of Pbadsorption will be investigated. Yellow precipitate will be
formed by adding excess Kl solution to the treated water samples with Fie
precipitate will then be allowed to dry and the?’Pbontent can then be detdnad
indirectly by measuring the dry mass of the precipitate of each sanfpbe.part 111D,

the effect of C&, Mg** and hardness of mineral water adsorption will be determined by
carrying out titration against EDTA.We will also investigate the effecf tme on C3*
solution adsorption of a particular adsorbent by varying the duration of the adsorbent in
contact with dichromate solution.

Our ultimate aim is to find out a way of treating hand warmer powder so that its
effectiveness in removing harmfsilibstances in water is at its highest.

In part VI, we will determinghe effectiveness of toxic ions removal by hand warmer
powderpacked columnsKnown volume of phosphate, dichromate, copper(ll), zinc,
lead(ll) and nickel(ll) ion solutions will be allowkd to pass throughthe
Warmergotchipacked colums. The amount of the remaining anions / metal cations in
the resulting solutions will be determined by gravimetric measurement. Moreover, we
will also investigate the effectiveness of ttegenerabn of hydrous ferric oxide,by
addingdilute sulphuric acid to the adsorbents to reversedhetion
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Part IA Preparation of hydrous ferrous oxide (HFO)

Objective:

To prepare samples of hydrous ferrous oxide under different pH conditions

Principle:

Hydrous ferric oxide are obtained from reacting RB&Lj) with NaOH(aq) until the pH of

the supernatant liquid reached pH 5, pH 7 and pH 9. This is to investigate under which
pH would produce a hydrous ferric oxide of a high level of activity. To attainidésired

pH, the pH of the supernatant liquid is determined by using a pH paper, if the pH is too
low, dilute aqueous sodium hydroxide is added and when the pH is too high, dilute
hydrochloric acid is added as needed. HFO can also be produced by réa€kigq)

with alkaline NH(aq).

Fe*(aq) + 30H(aqg)- Fe(OHX(s)

The brown Fe(OH) precipitate is aged with the mother liquor for 5 days. Then, the
supernatant liquid is filtered under suction and the while being washed with water until
acid free. The aging of the reactant mixture and the washing steps as described are
important to devep the physical properties such as high surface area and abrasion
resistance of the final product. After filtering the precipitate under suction until shrinkage
of the precipitate is complete, it is dried at 60n an air oven for sufficient duration to
reduce the water content of the product. If the drying step is initiated before sufficient
water has been removed by filtering under suction, the product will be too soft. The
product is then prepared for use by grinding.

Fe(OH)(s)- FeO(OH)(s) + HO(l)

hydrous ferric oxide (HFO)

Chemicals used:
Anhydrous iron(lll) chloride

1M sodium hydroxide solution

PRI
113 RRESARHS
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1M ammonia solution
1M hydrochloric acid
Apparatus used:
Electronic balance

Glassware

Suction filter

Oven

Procedures:

1. 7.60g of anhydrous iron(lll)chloride was
weighed accurately and was transferred to a la
beaker.

2. 1M sodium hydroxide solution was added to the anhydrous iron(lll) chloride until
the pH value of the supernatant liquid has reached pH 5.

3. The above procedures were repeated and the pH values of the supernatants were
adjusted to pH 7, 9 and 11 respectively, in which suitable volumes of 1M
hydrochloric acid were added in order to adjust the pH.

pH5 ' pHS5 : pH9 i | pH11
(NaOH) [ (NaOH) - o~ (NaOH) | (NaOH)
L . — \

4. 1M ammonia solution was used instead of 1M sodium hydroxide solution in one
condition under pH 7.

The mixtures were allowed to stand for 5 days.



5. The mixtures were filtered unde:‘-;

suction and the residues were wash,

and collected.

The residues were dried the oven at 6 C  f
ground and weighed.

or
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about 12

hour s,

Results:

Mass of HFO obtained under different experimental conditions:

Batch Mass of 1M NaOH 1M HCI pH Mass of HFO
anhydrous FeCk (cm?) (cm?) value made (g)
(9)
1 7.60 118 (NaOH) - 5 3.30
2 6.08 89.5 (NaOH) i 5 275
3 7.60 1405 (NaOH) | 1.25 7 5.18
4 7.60 285 (NHy) i 7 4.40
5 7.60 130 (NaOH) - 9 3.80
6 3.04 123.5 (NaOH) 65 11 1.31

!
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Discussion:

Percentage yield of HFO
70

50

&
=

% yield (%)

w
=]

20 |

HFO (pH 5) HFO (pH 7) HFO (pH 9) HFO (pH 11)
Hydrous Ferric Oxide

Results show that the yield of HFOs was the highest under the pH condition of pH 7. The
thickness and fineness of the solids were after thedi@weperiod was observed to be
different for different pH conditions. The mass of solid after filtration andinhdryas

found to be the greatest for the condition under pH7. Thus, we found that pH 7 is a
favourable condition for the formation of HFO.
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The filtration procedure for the
conditon of pH 5 was most,
time-consuming and repetitive. No
only did the mxture filter slowly, but
the residues of the condition pH
often passed through the filter papg
and entered the filtrate. It can b
deduced that the particle size of t
HFO formed under pH 5 was the
smallest, leading to easier blockings
and passing thrgh of filter paper
pores. This may have an effect on t
adsorption ability of HFO due to an increased surface area.

As seen from the above photo, the supernatant liquid of the second
left beaker (Batch 2) appears to be quite reddrshvn. We

deduced that it may be due to experimental errors during the
adjustment of pH value. The actual pH of the supernatant liquid

\“,—___J//
. may be below pH 5, or that the mixture was stirred excessively,
which results in a lot of iron(lll) ions (reddidirown in colour)
' ‘ still in agueous form without being precipitated out, thus giving

the supernatant liquid a reddibrown colour. It can be dedute
that minimizing the mixing of the precipitate and supernatant
liquid was important to obtaining a higher yield of HFO.

By comparing the yields of batches 3 and 4, the HFO yield of batch 3 which used sodium
hydroxide was higher than that of batch 4 whigled ammonia solution. Although 1.25
cm® of 1M hydrochloric acid was added to the mixture in batch 3, this volume was
considered insignificant compared to the 140.5 oflM sodium hydroxide present.
Therefore, we found that sodium hydroxide solution wadretter alkali to be used in the
preparation of HFO than ammonia solution.

Batch 3 Batch 4
pH 7 (NaOH pH 7 (NH;)

-
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Part IB  Preparation of Processed Hand Warmer Powder (HWP)

Objective:

To identify and isola materials remained in used hand warmewder by different
treatments

Principle:

The materials remained in used hand warmers were isolated and investigated individually
for their adsorption effects. Used hand warmers usually consist of unused iraryshydr
iron(lll) oxide, NaCl, activated carbon, and vermiculite. Different treatments would be
used to find out which one would produce hand warmer packs with #teatbeorption

effect.
Treatments: Changes in the amount of the following substances: Implications:
Fe Hydrous | Fe0Os Vermiculite | Activated
ferric carbon
oxide

Dilute HCI Reduced Reduced | Unchanged| Unchanged | Unchanged | FeO; takes up &

(2 hrs, 4 hrs, € * * much larger

hrs) proportion than Fe i
the known mass @
the treated han
warmer

Dilute HCI +| Reduced Reduced | Reduced | Unchanged | Unchanged| Fe,O; takes up &

Heat * * * similar proportion ag

(2 hrs, 4 hrs, € Fe in the known mas

hrs) of the treated han
warmer

Conc HCI Almost Almost Almost Unchanged | Unchanged | The treated han

(2 hrs, 4 hrs, € completely | completely | completely warmer contains

hrs) removed |removed | removed mostly  vermiculite

* * ¥ and carbon, with ver

little Fe and FgOs.

Conc HCI Completely | Completely | Completely | Unchanged | Unchanged | The treated han

(48hrs) removed removed removed warmer contains pur

vermiculite and carbon

* The amount removed increases with time.
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The adsorption effects of iron powder, iron(lll) oxide, and activated carbon available in
the laboratory wouldilso beinvestigatedo see which component in the hand warmer
powder wih the best adsorption effectnsainly responsible for adsorbing the ions, and

to see with what treatment can the adsorption effect of used hand warmer powder be
optimized.

Chemical used:
2M hydrochbric acid

11M hydrochloric acid

Hand warmer powder ()

Apparatus used:
Hotplate magnetic stirrer
Suction filter

Oven

Electronic balance

Glassware

Procedures:
Treatment A

1. 300 cni of 2M hydrochloric acid —
was added to 20.0g of used haf =
-
©

warmer powder. =

2. The mixture was allowed to stand fo
2 hours.

3. The mixture was filtered unde {
suction and the residue was wash

and dried in an oven.

4. The above procedures were repeat
twice, where the mixtures stood for -
hours and 6 hours respectively.
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Treatment B

1. 300 an® of 2M hydrochloric acid was added to 20.0g of used hand warmer
powder.

2.The mixture was heated atf

e |1 1 7l

3. The mixture was filtered under suction and the resic
was washed and dried in an oven.

4. The above procedures were repeated twice, wheze
mixtures were heated for 4 hours and 6 hours respectiv

Treatment C

1. 300 cn? of 2M hydrochloric acid was added to 20.0g
used hand warmer powder.

2. The mixture was allowed to stand for 2 hours.

3. The mixture was filtered under suction and the residas washed and dried in
an oven.

4. The above procedures were repeated twice, where the mixtures stood for 4 hours
and 6 hours respectively.

Treatment D

1. 200 cn? of 11M hydrochloric acid was
added to 20.0 g of used hand warmewder.

2. The mixture was allowetb stand for 2 days
in a fume cupboard till the remaining powder was no
longer magnetic.

3. The mixture was filtered under suction and
the residue was washed and dried in an oven.
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Results:
Mass of hand warmer powder (HWP) obtained after treatments
Batch of HCl added Time Heated? | Mass of Processed %
HWP Volume | Molarity | (hours) (Y/N) HWP made (g) yield
(20.0g (cm?) (%)
each)
Al 300 2M 2 N 13.04| Average | 63.52
A2 300 2M 4 N 13.48 12.70
A3 300 2M 6 N 11.59
Bl 300 2M 2 Y( 60 6.46 | Average | 34.02
B2 300 2M 4 Y( 60 6.26 6.803
B3 300 2M 6 Y(60 | 7.69
C1 100 11M 2 N 6.06 | Average | 26.63
C2 100 11M 4 N 5.59 5.33
C3 100 11M 6 N 4.33
200 11M 48 N 3.22 | Average | 15.20
D 200 2M 48 N 2.86 3.04




Observations and inferences made on the HWP remained
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Batch of HWP | Treatment Observation Magnetic
Used hand | -- a mixture of black powder, brown powde Yes
warmer and shiny solids
powder
A add dil HCI solution turned greemplourless gas Yes
bubbles evolved
B heat with dil | solution turned greenish yellow, colourle Yes
HCI gas bubbles evolved
C add conc HCI | solution turned brown, colourless gas slightly
bubbles evolved
D add conc HCI | solution turned browngolourless gas No
(48 hrs) bubbles evolved

UsedHand Warmer Powder
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Discussion:

The hand warmer powder manufacturer claim
that the hand warmer powder contained irc
activated carbon, vermiculite, and sodiu
chloride (assuming negligible mass). Thus
deduced that the used hand warmer pow
contained unreacted iron, iron(lll) oxdd
vermiculite, activated carbon and sodiu
chloride. The series of treatments we conduc
allowed us to prepare samples of used h
warmer powder which underwent differe
treatments and enabled us to confirm the constituents present in each of them.

Based on the above results and observations, we made some deductions. If the resulting
powder is magnetic, it can be deduced that iron and iron(lll) oxide may be present. The
presence of black powder may be due to the activated carbon. The appearahiogs of s
- ~—— solids may be due to the mineral vermiculite. Any

' sodium chloride would have dissolved in the mixture

and thus would not be present in the processed HWP.

As for the original HWP, sodium chloride would also

dissolve in the aqueous solution in which plesvder is

to be placed into for adsorption. Therefore, the
.~ presence of sodium chloride can be negligible.

Deduced composition in procesd8@W/P under different treatments

Batch of HWP Treatment Composition in remaining powder
original -- Fe + FeOs +

vermiculite + activated C

A add dil HCI traces of iron + mainly R®; +
vermiculite + activated C

B heat with dil HCI traces of Fe + traces of J&& +
vermiculite + activated C

C add concHCI traces of Fg0;3
vermiculite + activated C

D add concHCI for 2 vermiculite + activated C

days
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Processed HWP

Together with the investigation of adsorption effects
independent materials from the HWP, the adsorption effect of
HWP under different treatments can be compared. By taking t
results into account when we are going to investigate
adsorptioreffects on different ions, we can adjust our treatment
the HWP to produce HWP with the most adsorption effects.

From the results of treatment A, it was observed that the sol
turned green andolourlessgas bubbles evolved. We deduced that mosh ihas
dissolved in the acid to form Fe(ll) ions, producing colourless gas bubbles giving the
solution a green colour. Since treatment A mainly removed iron, what remained in the
residue were traces of iron, mainly iron(lll) oxide, vermiculite and ailaarbon. In

our further investigations to be followed, if the adsorption effect of untreated used HWP
is higher than that of treatment A, then it can be deduced that iron has the ability to
adsorb. This could be confirmed by comparing the adsorptiorteffeiron powder
alone.
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From the results of treatment B, the solution was observed
to be greenislyellow. This shows that the amount c
iron(lll) oxidethat dissolved in acid to give yellowish Fe(l
ions was greater than that in treatment A. Thus m
processed HWP in treatment B, the proportion of iron
iron(lll) oxide would be similarly low. In our following
investigations, if the adsorption effect of processed HW
treatment A was much better than that in treatment B, it
be deduced thatan(lll) oxide was effective in adsorption.

For the processed HWP in treatments C and D, the composition in the remaining powder
should be similgrin which there only remains maimyermiculite and activated carbon.
Since thetreatment timdor treatment C is shorteéhan that of D, there would probably

be more iron(lll) oxide traces in C than in D. If our hypothesis, iron(lll) oxide possesses
adsorption ability, is correct, then the adsorption effect of processed HWP from treatment
C would be baer than that of D.

Cl
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Part IA PO, adsorption

Objective:

To investigate the effectiveness of PQadsorption on various adsorbents by colorimetric
measurement

Principle:

Phosphate binds to hydrous ferric oxide through a dioeat interaction between one or
two negatively charged oxygen ions on the phosphate with the ferric iofi} ifF¢he

solid. The figure below shows phosphate in solution bound via two ionic bonds, with the
displacement of hydroxide.

Fe OH
OH

\ — )
o/ e /+ H —>
\\Fe —__OH o / \O' T

/

Since phosphate binging takes place at the surface of the HFO instead of deep below the
surface, the larger the surface area, the more phosphate the adsorbent can bind.

To investigate the effectiveness of adsorbing phosphates by adsorbents, the Molybdenum
Method is used. Phosphate in water combines with heptamolybdate to form a yellow
complex. When Sn@laq) is added, the yellow complex turns blue as the oxidation state
of molybdenum changes +6 to +5.

THsPO, + 12(NH)sM07O024+ 51IH'Y 7 (JNPEA2M0O; + 51NH;" + 36H,0
Mo(VI1)-yellow complex + SH Y Mo(V)-blue complex + SH

The intensity of the blue coloproduced is proportional to the amount of phosphate ions
present, and the absorbance can be measure using a colorimeter. A calibration curve
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would be first made with the colorimeter readings of,P®olutions with various
concentrations. By comparing tla®sorbance of the water samples treated with various
adsorbents with the calibration curve, the phosphate concentration in the solutions can be
obtained. The types of adsorbents used include the different forms of HFO prepared
previously so as to companich method would create the best adsorbent faf PO

Chemicals used:

Ammonium Molybdate ( (NkeM07024 H20)
Tin(ll) chloride GnCL 2H,0)

Sodium phosphate (MROy)

2M Hydrochloric acid (HCI)

11M Hydrochloric acid (HCI)

HFO 1(prepared with NaOH at pH 5)
HFO 2(prepared with NaOH at pH 5)
HFO 3(prepared with ldOHat pH 7) I
HFO 4(prepared with NKlat pH 7)
HFO 5(prepared with NaOH at pH 9)
HFO 6(prepared with NaOH at pH 11)
Iron filings (Fe)

Iron(lIl) oxide powdernFe0s) Sodium phosphate

-y

Tin(ll) chloride

Activated carbon

Vermiculite + activated carbon

Al Processed Hand warmgowder(treated with dilute HCI for 2 hours)

A2 7 Processed Hand warmgowder(treated with dilute HCI for 4 hours)

A3 Processed Hand warmgowder(treated with dilute HCI for 6 hours)

B11 Processed Hand warmgowder(treated with dilute HCI with heat for 2 hours)
B21 Processed Hand warmgowder(treated with dilute HCI with heat for 4 hours)
B31 Processed Hand waerpowder(treated with dilute HCI with heat for 6 hours)
C17 Processed Hand warmgowder(treated with concentrated HCI for 2 hours)

C2i Processed Hand warmgowder(treated with concentrated HCI for 2 hours)
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C3i Processed Hand warmgowder(treaed with concentrated HCI for 2 hours)
Hand warmepowder ()

Hand warmepowder ¢ e 2 )

Hand warmepowder ( Warmergotchi

Hand warmepowder (Pocket Sun)

Hand warmepowder ¢ <. fi )

Various adsorbents

Apparatus used:
Electronic balance
Colorimeter

Glassware
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Procedures:

Preparation of ammonium molybdate solution
2.4g of (NH4)eM070.4 H,O (molar mass: 1235.86 whs added tol00 cni 1M
H.SOy(aq) The result solution has a concentratio®.6fL94M.

Preparation of Tin(ll) chloride solution
1.0gof SnCh(molar mass:325.63 gjas added td00 cni 1M HCl(ag). The result
solution has a concentration@B307M.

Colorimetric measurements of phosphate solutions

1. 0.5g of NaPQ, 12H,0 was added to 250.0 émof deionised water. Then the
standard solution of P&(aq) was diluted in different ways listed as follows:

5.0 cm® of standard solution in 250.0 éof deionised water

10.0 cm® of standard solution in 250.0 &f deionised water
15.0 cm® of standard. @lution in 250.0 criof deionised water
20.0 cm® of standard solution in 250.0 éof deionised water
25.0 cm® of standard solution in 250.0 éof deionised water
35.0 cm® of standard solution in 250.0 éof deionised water
45.0 cm3 of standard solution in 250.0 cm3 of deionised water

O@TMOUO W

2. 25.0 cniof each solution was pipetted into a 100’ beaker.
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3. 2.0cm?® of 0.0194 Mammoniummolybdatesolutionwasadded to each beaker.

4. 12.0 cm® of 0.0307 Mtin(ll) chloride solutionand 25.0 cm® of deionised water
were pipetted to each beaker.

5. The solutions were then transferred to the test tubes.
6. The colourintensities of the solutions were compared witlokrimeter

Colorimetricmeasurements of phosphate solutions with various adsorbents

g

1. 20.0cm’of solution Gwas pipettedinto each beaker containing
0.5 g of an adsorbent
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2. The mixtures were allowe stand for 9 hours.

3. The mixtures were filteredha the collected filtrate was made uBtbcm® with

deionised water.

5. 5.0 cn? of filtrate waspipetted into a 100 chibeaker.

6. 2.0cm’ of 0.0194 Mammonium
molybdate,12.0 cm® of 0.0307
M SnCb and 250 cm® of
deionised water were added int
each beaker.

7. The mixtures weretransferred
into test tubes

8. The colour intensities of the
mixtures were tested with
colorimeter
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Results:

Absorbance values of phosphate solutions Ato G

Solutions A B C D E F G
Absorbance 0.18 0.34 0.50 0.65 0.85 0.95 1.40
A B C D E F G

Calibration Graph for Standard Phosphate Solution

Absorbance of Different Standard Phosphate Solutions

1.6

14 *

12

Absorbance

) /
) /
04

A B C D E F G
Standard Solutions of Phosphate
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Adsorbent (20.0 cm® diluted to 30.0 | Absorbanceof | % change in | Concentration
cm’) phosphate absorbance of phosphate
solution #) solution
(Absorbance x (010* mol dm™)
1.5)
1. | HFO 1(NaOH, pH 5) 0.05(0.075) -99.58% 0.37
2. | HFO 2(NaOH, pH 5) 0.02(0.03) -98.33% 0.2888
3. | HFO 3(NaOH, pH 7) 0.06(0.09) -95.00% 0.8664
4. | HFO 4(NHs, pH 7) 0.015(0.0225) -98.75% 0.2166
5. | HFO 5(NaOH, pH 9) 0.33(0.495) -72.50% 3.1962
6. | HFO 6(NaOH, pH 11) 0.31(0.465) -74.17% 2.99
7. | Hand warmepowder () 0.54(0.81) -55.00% 5.4236
8. | Iron filings 0.98(1.47) -18.33% 10.44
9. | Iron(lll) oxide powder 0.90(1.35) -25.00% 9.50
10. | Activated carbon 0.30(0.450 -28.57% 9.40
11. | Vermiculite + activated carbon 0.30(0.45) -75.00% 2.888
12. | Ali Processed HWP (dil. HCI + 2 hr) 0.045(0.0675) -96.25% 0.321
13. | A27i Processed HWP (dil. HCI + 4 hr) 0.15(0.225) -87.50% 1.363
14. | A37i Processed HWP (dil. HCI + 6 hr) 0.03(0.045) -97.50% 0.173
15. | B17 Processed HWP (dil. HCI + 2 hr + heat) 0.20(0.30) -83.33% 1.87
16. | B21 Processed HWP (dil. HCI + 4 hr + heat) 0.75(1.125) -37.50% 7.749
17. | B31 Processed HWP (dil. HCI + 6 hr + heat) 0.55(0.825) -54.17% 5.532
18. | C17 Processed HWP (conc. HCI + 2 hr) 0.295(0.4425) -75.42% 2.836
19. | C27 Processed HWP (conc. HCI + 4 hr) 0.26(0.39) -78.33% 2.48
20. | C3i Processed HWP (conc. HCI + 6 hr) 0.30 (0.45) -75.00% 2.888
21. [HWP( e 2 F) 0.22(0.33 -81.67% 2.07
22. | HWP ( Warmergotchi 0.20(0.3) -83.33% 1.866
23. | HWP (Pocket Sun) 0.70(1.05) -41.67% 7.187
24. |HWP (v = fi) 0.34(0.51) -71.67% 3.302
25. | Control /[ (1.8) / 13.165
absorbanceof phosphatesolution after treatment z absorbanceof control
= x 100%

absorbanceof control
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Concentration of Phosphate Solutions after Adsorption by Different Adsorbents

Concentration of Phosphate Solutions after Treatment
14

_ 12
<
E 10
=2
- g _
=
—
& 3
=
"E :
g
2 _
: i

T o STy = T T | A T, B .
8\ ﬁ'} @ ﬁb aef’-" ‘\éﬁﬁ?ﬁ'@%&# D@P nﬁ -_-:qi ﬁq&@ B - .)’:éh@t”p%@\%ﬁ'@/} =
£, 3@@ ‘f’w@%‘&w SRS AT
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Adsorbents

(From leftto right) (From left to right)

HFO pH5 (x2), pH7 (x2),pH 9, pH 11, Iron(lll)oxide, iron filings, AX3, B1-3, control
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Discussion:

From the graphs above, we can see that HFO 4 is most effective in the removal of
phosphate while activated carbon is least effective. The absorbance values wofekH-O
the lowest in average, while those of processed hand warmer powder varied.

Absorbance of Phosphate Solutions after Treatment of HFOs

18

L&

14

12

Absorbance

0.8

0.6

0.4

02

'] | —

HFO 1 HFO 2 HFO 3 HFO 4 HFO 3 HFO 6 Control

(NaOH, pH 5) (NaOH. pH5) (NaOH, pH 7) (NE3,pH7) (NaOH pHS) (NaOH. pH
11

Hydrous F erric Oxide

Among the HFO samples, we found that the absorbance of HFO treated in acidic or
neutral mediums (samples 1 to 4) were higher than that of HFO treated in an alkaline
medium(samples 5 to 6). But the general adsorption performance of HFO samples was
very satisfactory.

(From left to right)
HFO pH5
HFO pH5
HFO pH7
HFO pH7
HFO pH9
HFO pH11

Control
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Absorbance of Phosphate Solutions after Treatment
of Original HWP and its Pure Components

L3

16

14

12

08

0.6

04

) I I
]

Hand warmer Iron filinzs Iron(Ill) oxide Activated carbon  Vermiculite + Confrol
powder (5 7T) powder activated carbon

Adsorbents

Absorbance

The adsorption power of the original hand warmer powder sample (sample 7) was found
to be higher than those of iron filings, iron(lll) oxide and activated carbon alone. But
since suspension was observed inghmples of iron filing and irdil) oxide powder,

the absorbance values above could not accurately reflect their effectiveness in the
removal of phosphate alone. The effectiveness in the removal of phosphate is higher
when a mixture of the above ingredients is used.

»

B (From left to righ}
. HwWP( )
3 Iron fillings
Iron(l1l) oxide powder
Activated carbon
Vermiculite + activated carbol
Control
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Absorbance of Phosphate Solutions after Treatment
of Original HWP and Processed HWPs

Absorbance
(=1
(]
I
I

o 1 —

Hand Al - Al- Al Bl- B2 - Bi- C1- Cc2- C3- Comrel
warmer ProcessedProcessedProcessedProcessedProcessedProcessedProcessedProcessedProcessed
powder HWE  HWP HWEP HWP HWEF HWP HWP HWP HWP
{5 TT) (dil. HC1+dil. HCl 4 dil. HC1+dil. HC1+dil HC1+dil HCl4cone. HOkonc. HOkone. HC1

2hr) 4 hr) & ht) 2w+ 4+ S+ +2W) +4h) +6hn)
heat) heat) heat)
Adsorbents

Most of the treated hand warmer powder samples were found to be more effective
phosphate adsorbents than the original hand warmer powder. Among the processed hand
warmer powder samples (Al to C3), the absorbance values of samples with the addition
of dilute HA(A samples) were lower than those of samples with addition of concentrated
HCI or heating with dilute HCI. Referring to part | about the preparation of processed
hand warmer powder, samples C1 to C3 are mainly composed of vermiculite and
activated cdvon. The experimental absorbance values of C samples matched with that of
the mixture of vermiculite and activated carbon. It is likely that C samples have similar
compositions.

As for samples Al to B3, A samples mainly comprises iron(lll) oxide, whiamples
contains more iron atoms and less iron(lll) oxide in composition. As the absorbance
values of A samples were significantly lower than those of B samples, it can be deduced
that iron(lll) oxide is more effective than iron in the removal of phospbate

(From left to right)
Al, A2, A3

B1, B2, B3

control
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Absorbance of Phosphate Solutions after
Treatment of Original HWPs

Absorbance
-
[

B FS <A Warmergotchi Pocket Sun =Ha7 Control
Different Brands of Hand Warmer Powder

Among all hand warmer powder brands, Warmgo&hi hand warmer powder was found
to be the most effective phosphate adsorbent while the lowest effectiveness was observe
for Pocket Sun hand warmer powder.

From the above data, we can see that some used hand warmer powder samples, like
sample 21 { e D =|=) and sample 22 (Warmergotchi), can also serve as effective
phosphate adsorbents, as compared to the percentage change in absorbance of HFO
samples.

To maximisehe effectiveness of the hand warmer powder, the powder can be first treated
with dilute hydrochloric acid and allowed to stand for above 2 to 6 hours, since the
adsorption power of such treated samples have similar or even higher phosphate removal
powerthan HFO samples.

(From left to right)
HWP ()

HWP ( Pocket Sun)

HWP ( Warmergotchi)
HWP (b e o &)
HWP (v <. fi)
Control
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Part IIB Cr,0O,* adsorption

Objective:

To investigate the effectiveness of ,0f adsorption on various adsorbents by
colorimetric measuremeand the time effect on adsorption abilities.

Principle:

Dichromate ions are stabdmly in acidic medium and will be converted to chromate ions
at high pH:

Cr,0* + H,O- 2CrO& + 2H"

When dichromate ions in the solution are in contact with the basic surface of HFO, the
chromate ions formed would then be absorbed by HFO according to the following
equation due to the high surface positive charge density of HFO. The an electrostatic
attrective force between the solid adsorbent and adsorbate causes the chromate ions to
bind to HFQ

\ Fe ___OH o \ Fe__ 0 o
o/
\ Fe OH o

/ /

To investigate the effectiveness of chromium(VI) adsorption of various adsorbents, the
colorimeter is used to measure the absorbance of the water samples, the lower the
absorbance, the more effective is the adsorbett. us

To investigate the effect of time on chromium(VI) adsorption of a particular adsorbent,
the time period for the adsorbent being in contact with dichromate solution is varied and
the absorbance values are compared.
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Chemicals used:

0.01M Potassium dichromate §Kr,0;)
Various adsorbents

Apparatus used:

Electronic balance

Colorimeter

Glassware

Procedures:

1. 25.0 cniof 0.01M K.Cr,0; was added to 0.5g of different adsorbents in a
beaker.

2. The mixtures were allowed to stand for 9 hourSolution samples containing
HFO at pH 7 andv :. fi hand warmer powder were allowed to stand for 1, 3,
5 and 7 hoursespectively.

3. The mixtures were filtered and the filtrate collected was transferred into its
respective test tube.

4. The colournintensities of the mixtures were determined with a colorimeter.



Results:

Dichromate adsorption:
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Adsorbent absorbance| % change in absorbance
1. | HFO (NaOH,pH 5) 1.0 -50.00%
2. | HFO (NaOH,pH 7) 0.85 -57.50%
3. | HFO (NaOH,pH 9) 0.925 -53.75%
4. | Hand warmepowder () 1.50 -25.00%
5. | Iron filings 2.0 0.00%
6. | Iron(lll) oxide powder 1.80 -10.00%
7. | Activated carbon 1.30 -35.00%
8. | Vermiculite + activated carbon 1.70 -15.00%
9. | A2 - Processed HWP (diHCI + 4 hr) 1.75 -12.50%
10/ B2 - Processed HWP (diHCI + 4 hr + heat) 1.80 -10.00%
11| C2- Processed HWP (condCl + 4 hr) 1.70 -15.00%
12| HWP (original, Pocket Sun) 1.50 -25.00%
13| HWP (original Warmergotchi 1.45 -27.50%
14] HWP (original, » e 2 F) 1.30 -35.00%
15 HWP (original, v <. fi ) 1.20 -40.00%
16| Control 2.0 /
absorbanceof dichromate solution after treatment z absorbanceof control
# = x 100%
absorbanceof control
Absorbance of Dichromate Solutions after Treatment
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Time effect on dichromate adsorption:
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Duration Cr,0 % change in Cr,0/ - % change in
+HFO (pH 7) absorbance | + HWP {r oo fi) absorbance
Control 1.7 / 1. /
1hr 1.4 -17.6% 1.7 0%
3hr 1.2 -29.4% 1.6 -5.9%
5hr 1.1 -35.3% 1.5 -11.8%
7 hr 0.9 -47.1% 1.5 -11.8%

Control

HFO pH7 (1 h¥ 3hrsY 5hrsY 7hrs)
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Discussion:
Dichromate absorption:

From the data abovelFO treated in a neutral medium (sample 2) was found to be most
effective in the removal of dichromate while iron filings (sample 5) were shown to be the
least effective adsorbents.

The average adsorption power of HFO was the highest among all absorbents. HFO
treated in neutral and alkaline mediums (samples 2 and 3) were found to have better
adsorption effects than that treated in an acidic medium (sample 1). It is likely that
neutral and alkaline mediums favour dichromate adsorption of HFO. Moreover,
dichromate ions are likely to be converted to chromate ions at high pH and therefore
absorbed by HFO.

(From left to right)
HFO (NaOH,pH 5)
HFO (NaOH,pH 7)
HFO (NaOH,pH 9)
Control



