CHAPTER IV

RESULT AND DISCUSSION

The investigation w ss the efficiency of the removing of

heavy metal ions by fo treated “w te 'xacinth (FTWH) at the optimum
he, : ‘miu and Zn**. Batch experiment

ons ; ranging from 25 to 100

concentration. Heavy
was conducted at hi
ppm, to allow the det thod while column experiment

was conducted at low ion for 2 | )sorption spectrophotometry method.
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Concentration of sEfxe heavy metaisin
i

It is evidentlythat-water-h: yacinth accumuiates- variety of heavy metal ions in

its tissue (Gobal, 19 - . This exp ection Was designed to determine the

concentration of Leavy metal ions in both (&5’ tissue and leaching solutions, carried out
i

fa v
by agitating ’ H’zj(?‘] ‘ W E)G’Bf ﬂﬁal water hyacinth were
shown in Tal:gj.J EJwas found that the concentration of zinc ion had greater than
those i i £ vj i e}ﬁ( 4), it is possible
that tﬂﬁmmﬁmmn vﬁrﬂm gjone of the trace

components in water hyacinth.

Other factors such as location and sampling method may also associate with
the result.
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Table 4.1 : Concentration (mg/kg) of some heavy metal ions in untreated

water hyacinth (Eichhornia crassipes)

Heavy metal ions Amount

Liquid
0.421
0.705
5.003

Batch experiments
Effect of contact ti %

Figure 4.1 shovie & of Cu’*, Ni** and Zn® at pH 5.0,

respectively. The rate of a 5

depended on the tifne-intervais—;-the-uptake : i pid in the first 5 minutes

ater hyacinth (PWH) was

followed by slower uptake. Tk < different sorption processes

as possible, a fast ion'eggchange followedigy a chemisorption (Low et al, 1993). In
F=

case of Cu*', ﬁ ﬁgs i 36 ‘ GTf]Z?nins and the pH of the
solution was 5 {0 m possmns n?;igsm was a desorption thecry. The
theory ‘ i ‘ ; P N igmficantiy decreased at
every c’ﬂ:tm Hc@mmmﬂgmt[sﬁln ﬂevious study by
Low et al., 1992, in which the results of the desorption process had not occurred in

batch experiment; the used substrate was oil-palm fibres (Appendix B; table B1).
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for continuous shaking. Resulits | 3y o p‘e ages of formaldehyde treament

on water hyacinth substrate, 5 5 FTWH e not fitted to a modified Langmiur

isotherm, especially for Cu** (Fig:
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WheregN @ l ara 4 , gram of substrate at
concentration Qlﬂﬁﬂmmoﬂmlszs a constant. The plots
of C i own i fﬁi & &s ,Tespectively. The result shewed
that :c?g ﬁaﬁﬁ ﬁﬁ li' ﬂﬁeﬁiﬁﬂﬁiﬂ;s by desorption

mechanisin.
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Figure 4.2c : Sorption isotherm of Zn?* on 5% FTWH
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According to the results from the analysis of varian-one way classification
using SPSS program, considering with cost-benefit and pollutant discharge. Most of
the treatments, in particular for 50 ppm of synthetic solution, indicated that the
substrate capacities were not significantly difference after increasing more than 20 %
concentration of formaldehyde (F.prob<0.05) and slightly increasing for their

capacities were observed, compared to 5 % concentratlon of formaldehyde. It showed

at the concentration of formaldgh}(k on51dered for optimum condition of
water hyacinth treatment AMB: D ta d was, therefore, selected for this
experiment (Figure 4.3% be' xpemo ways-ANOVA analysis, both

of concentration and the oqnalde}?dg,@d significantly affected on the

capacity of water hyaci
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Flgure 4.3a : Removal of Cu (ll) ions by various treated formaldehyde
W.H. on a batch test
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Figure 4.3b :

‘WeH--en a batch test
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Figure 4.3c : Removal of Zn (Il) ions by various treated formaldehyde

W.H. on a batch test
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These great increasing of capacity might due to the crosslinked reaction by
acidic formaldehyde which reacted between the methylene ether and the secondary
hydroxyl groups of cellulose in water hyacinth. Other supports of the result are the
physical property tests. The swelling and moisture values were decreased
simultaneously when this substrate was treated to improve capacity (Appendix A;
table A1-3). Concerning with theory, t’hp [ jult is consistent with a fundamental of ion
exchange properties that related the effect and hydration value; as the
crosslink is increased, the amount of w3ter th@bstrate retain will decrease (Simon,

1991).

i —— o ———

g ope (SEM) Analysis
of ljgﬁocellulosw material from water hyacinth

i rosc,bpus examination (Figure 4.4a,b). Under high

alidd

magnification (x20C) usingfarfelection nm:gqscopc the microfibril cellulose look like

substrate was obtained

a la.nger hﬁnﬁhose of other agricultural wastes such as

bagasse, which increased ause’s“ffn”htv t@ér materlals (Chawakitchareon et al.,

1995). Because of the morphciegy.of this ﬂibstrate therefore the specific sorption for
A "

a frabric having a surface

ngor ganic molecules is quite

, reason;, the water hyacinth could be
|

dissolved solids sug

JI i
high (Coupal and Latancete, 1976). From thi

eftectively used for removing heavy metal ions by sorption mechanism.

Figure 4.4a : SEM photograph of untreated water hyacinth
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Flgure-@:;SEM Jaho@mf 5% FTWH

f ;
IR spectroscop/ / \

In agre

bond stretching. in addition brelad oxgna@'mo at about 1204-1041 cm™ points to
the presence of the _:(ll-O-C ba‘nd-—(Appem: It is possible that the cross-linked

chemical treatment stage because only the -from lignin would not show a

great peak; some parts of lignin may be decomposed by this condition. The

e °fﬁmfﬂ°‘“3 TINTWENAS
RIS Y

Assignments | Position of bands (cm™)
O-H strectching (H-bonding) | 4000-3000
C-H strectching in methylene groups 2942-2819
C-O-C stretching ' 1204-1041
C-C multiple bond stretching 1540-1405




Column experiments

Total capacity
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The total capacities of the water hyacinth substrate are showed in Table

4.2. The values were very low in the original substrate but a considerable increase was

obtained when the substrate was treated with 5 % formaldehyde. The selected

percentage of formaldehyde was, 3

classification by using SPSS p

ogram

S0

l"f/é_,

._‘
e —

ed from analysis of variance-one way

Metal Samples 5 % CH,0 treated W.H.
ions
Conc Meg/g
cat __(ppm
1 160.80 1.0965
Cu* 2 0.5642 161.10 1.0991
3 0.5634 160.39 1.0929
Average 1.0962 |
|
Ni%* 1 § 0.5633 82.30 0.6595
2 0.5637 _ 0.5637 83.07 0.6963
3 1 0.564 49731 1| 0.5630 82.17 0.6991
F Average | 04991 Average | | 0.6983
i \
Zn* ﬂ u Ejo%m ﬂm(ﬁ OEJS;] ﬂ §639 132.39 1.0372
' 191.31 0.7179 0.56 132.1 1.0380
? | 0.5638 ¢ N 3&, 5
’;] Wq a ﬂaﬁ EM 1310};1 f'] g“ ﬁlm]sﬂ E’J 132.09 1.0374
| |
r Average ! o1 78" | Average 1.0375
Calculation : Meq/g = Conc. x 100

Eq. wt. x 1000 x wt. of sample
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As given in table 4.2, the total capacities of 5 % FTWH were 1.0962, 0.6983
and 1.0375 meq/g for Cu?*, Ni*" and Zn**, respectively. It was found that the
formaldehyde treated water hyacinth (FTWH) showed total capacity values of up to
1.0 meg/g for Cu** and Zn** when comparing with purolite synthetic resin (up to 3.0
meq/g). It notices that the values found for Cu®" were always higher than those of Ni**

and Zn®'. This result is consistent with previous study by Chawakitchareon et al.

Substrates

Nt j ,
Acid treated W.H.* 0686 |  0.705

art thyl W.H.* 0,346 ;
—Carooxyme y;yl [1 ) 0.330
Acid treated Bagas 0:065 0.069
Carboxymethyl Bagﬁsé** i 0052 0.056
PWH 0.8977 0.4991 0.7178

a [y,

i) FABSR T TN A

Ion exchange capacity
As regard other possible sorption mechanisms, the experiment section
was proposed to determine the main mechanism of removing some transition metal
ions. However, the mechanism of sorption of water hyacinth is far as tc conclude or
indicate exactly. Thus, only the ion exchange mechanism was proposed instead. Ion

exchange capacities of various substrates are showed in table 4.3, the capacities of
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these substrates were measured according to the conventional method using ordinary
acid-base titration. The capacities of synthetic Purolite resin, 5 % FTWH and
unmodified water hyacinth were 3.367, 0.4094 and 0.3858 meq/g respectively. From
this result, however, a capacity from other mechanisms can be computed by common

equation as follow.

Other sorption capacity . pacity - Ion exchange capacity

Other sorption the adsorption and chelate

formation (Chaney, 1979"

ining data of this section that
indicated certainly. Ho te the certainty of value. By
almost of reasons relati are all of average values of

both capacities could ated !l 3 lly for varying in species of

Samples

Purolite resin

=, 0.5608

) 19.1 3.3684
............. | ﬂ“m%ﬂ“ WHIDS | o=

NN I o ’1’3%138’1380.4036

\ 2 0.5638 0.4210

3 0.5635 23 0.4037
Average value 0.4094

Untreated W.H.

1 0.5639 22 0.3858

2 : 0.5640 22 0.3858

3 0.5382 2.1 0.3859
Average value 0.3858
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Calculation : Meq/g = Normality of NaOH X VNaoH (ml)

Wt. of substrate

Heavy metal ion removal

From the results, in the batch experiments, several

experiments were conduct avy metal ion synthetic solutions
using packed bed col

no. Cl1-12). Also, co

umn (Appendix C; experiment

bed column is often more

in o ~ ntration of synthetic solution

\Q

igure 4.5 a-l). The correlation
coefficient for Cu®*, Ni’ 1 é\ t\\ egative relationship, are -0.85,

omputed by Pearson product -

A

moment method (Appendig D-33- erning affinity of heavy metal ions, it was

found that the greatest apparer =
== .w'i{‘-'u;
was for Cu®". The esul j he rest batch experiments of this study

FTWH for removal of heavy metal ions

~Q‘ g substances that involved
o @aney, 1979). In addition, the

result is consistent w1tlx revious study Randall (1978) using peanut skins as a

L ﬂ‘LJEJ’JVIEJV]ﬁWEJ’]ﬂ‘ﬁ
Q‘W’]a\‘iﬂ‘im AN Y

and may be due to thep

in chemical bonding Eoupa and




0.8
0.7
0.6
0.5

0.4

C/Co

0.3
0.2

0.1

120 140

Figlre 4852 ‘ GNP |f0r516pmeu

0

AUt AneningIns
YANANN AN INY 1§

20 40 60 80 100

Bed volumes

_Figure 4.5b : Heavy metal ion removal for 5.12 ppm of Niz+
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Figure 4.5d : Heavy metal ion removai for 10.46 ppm of Cu




08 1

06 T

C/Co

02

rigure

o ——

49

s/ {

. ’\\\\\\\;\ 40

50

—

0_

0

,'I
y
¥

o AUEAINENINYINT
RN TUNIINGIA]

é & |
i R il &

o
A g

&
s

——+
20 30 40

10
Bed volumes

Figure 4.5f : Heavy metal ion removal for 10.49 ppm of an

50




50

0.8 1 .

06

C/Co

0.4

025

30 35

\

Iifor 20.86 ppm of Cu°"

1.2

08 7t

(AU INENTNeINg

04 -

WA TUAM AN
ll =

S
Qo6

& Il o & o o o
\ g > S } 4 © 4 A4 T v

0 5 10 15 20 25
Bed volumes

Figure 4.5h : Heavy metal ion removal for 18.89 ppm of Ni2+




51

0.8 1

C/Co

25 30

e

_ﬂUH?ﬂﬂﬂ§W81ﬂ§
sm'] AN URINAT

C/ Co

2 4 6 8 10 12 14

Bed volumes

Figure 4.5j : Heavy metal ion removal for 52.65 ppm of Cu
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Regeneration

Prior to break through curve, it indicated that the 5 % FTWH packing,

which turned brownish black as Cu®" was adsorbed. This result may be partially
attributable to the chelating reaction for alternate color of original substrate.

When the experiment was completed, the column was washed with 0.5

N HCI about 1 bed volume until all

metal ions were removed completely
(Figure 4.6a-1). To determine the o\ -, /ohpCity after regeneration, a small column
model was carried out 3 the regenerated substrate has a
capacity as same as the Quigi giaword, the acid treatment has no

apparent effect on the gif lex ‘times as shown in figure 4.7
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Figure 4.6a : Regeneration for 5.16 ppm of Cu e
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Figure 4.6k : Regeneration for 51.75 ppm of NiZ




120

100

80 |

60

C/Co

40

20

Mea/g

o

2+
.18 ppm of Zn

1.5 +

o
L \n
890300 SIANYS mgi

Figure 4.7 : Effect of acid treaiment for 5 times regeneration

29




60

Treatment of Zn-electroplating industrial wastewater

The 5% FTWH could be effectively used for removing heavy metal
ions from Zn-electroplating wastewater. Because the remaining of heavy metal ions in
effluent, ordinarily treated electroplating effluent showed lower than 0.05 ppm cf Zu*t
(Table 2.3 : National guideline, 1992), which is a level below local water Qualiiy
limits (5 ppm) and also acceptable concentratins of toxicants for marine and estuarine
waters (see Table 2.2). For amour of s @ateaused, it found that 0.1357 m> of the
5-u ‘of 5 % FTWH. The dynamic
aparing with synthetic solution. It
might be partially a ) as Fe?*, Fe** and Cu®" that

affected the dynamic ¢ i endix C; experimentno. C13).

wastewater could be trea

capacity, however, wa;

C/Co

QW’W NIRI) QJW’}'J@]Eﬁﬂ El

Figure 4.8a : Heavy metal removal for 48.88 ppm of Zn "ions

from electroplating wastewater



61

160

140 |

120

100 +

C/Co
©
=

e

S
(6)]

Figure 4480 Je 7 atlortfor 48 3‘\:’ of Zn2+ icns from

j:;n::n::::::n-llt-nl.hu'inrr
f

Effect of deg
V.

Y )
Almostof p i
T

uent and effluent solutions,

obtained by column eXperiments, it was found that thre was a siganificant difference
between infl ‘ufj %'e’ H varying = 3.0-4.0).
After brokeiﬂ\y ﬂve mEMd, i{ﬂi]lﬁﬁ(:ﬁluem had increased
gradu se.the. prot ‘ﬂie r T md column. This
resultalgﬁan‘ai)ﬁjs lﬂgﬁﬁe ,mﬂj‘ chelate forming

process. Because the fundamental of ion exchange mechanism is the releasing of

counter-ions such proton (H') as some of transition metal ions are replaced (Appendix

C; experiment no. C1-12).
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