CHAPTER IV

CXPERTMENTAL INVESTIGATION

4,1 Experimental Apparatus :

Three laboratory~scale columns were constructed and used
in the experimental study. Figure 6 shows a general view of the
experimental set—up, while the flow diagram of the experimental
ion exchanqe process ig#Shewn/ in Figure 7. All three ion exchange
columns were made up Of 6435 cm.(Z% inches) inside diémeter;

120 cm. long PVC pipes, with mesh noe 60 polyethylene net placed
at the top and bottom of the golumns, to preveﬁt the escape of
resins. Detailed drawind of the columns is presented in Figure

8, The first and third coltmns contained 2 cu.dm, of H-form»
Duolite C~20 SAC resins each Qﬁile the second,column was filled
with 2 cu.dm. of QH=form A=~102 D SBA resinse The characteristics
of both Duolite resims are shown in Tables 3 and 4. A rotameter

- and a re51st1v1ty meter were connected to the system to measure

the deionization flowrate and-detect the'-quality ‘of treated water,

’.

respectivelys

4.2 Wastewater Used in the Study

The Ffeed water to all of the ion exchange system investi-
gated in this research was: synthetlc wastewater. It was producted by

simply dilutlng the chromic acid solution obtalned from chromium plat.

<

ing bath of.a local plating ‘factory. This chromic acid, found to be

-



Table 3 Characteristics of Duolite C-20 Strong Acid Catién

Exchange Resin (13)

Property Duoiite C-20
Description ) : moist, transculent
Coﬁpositon ' sulfonated DVB
Specific Gravity (Na'form) . \ 1,32 to l.34
Moisture Content (%) - \ 50~53 (H) )
Bulk Density (1bs./cusfte) .. 50-52 (Na)
Effective size (wme) " . 0,45-0.55
Uniformity Coefficient l.4=1.8
Total Exchange Capacity (mine){megs/ml) 2.0
pK. = 0.0
Service pH range ! NO-i4 ,

Table 4 Characteristicds" of Duolité A-102D Strong Base Anion -

Exchange Resin (14}

i

Property . Duolite A-102D

Chemical Classification - Strongly basic, quaternary
ammonium type 2

Structure o polfstyrenic
Appeafance ) beads, pale yelléwA
Net Weight as Shipped (lbs./cu.ft.) y 47,5 (Cl) .
True Density . : 1.09 (Cl)

Total Capacity (mege/mls) 1.5 (Cl)

Size (mm,) ‘ ' De3-1.2

Service pH range 0.7
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Fig. 6 General View of the Experimental Set-up

| A\RBRB2270



Conc.

NOZCrZO.,
| . N02Cr2
HCl { NaOH HCl Storage
Tank Tank Tank Tank
} : o3
| Recover
- Reclaim '
. | ]
Water Tank SAC ! SBA| | SAC! B
-3
Waste(Cr,0,) 1 [Col ' :o[urrf Y 4:olum+ T core
{1) {2) (3) H.Cr -
. B oW W 212
Rotameter Storage  Storage
_ Tank
Tank B 54 5 .“ :
H .CrzO.’,

Treated Water (H0)

Resistivity meter

Fig. 7 Flow Diagram’ of \the Experimental | lon Exthange Process tor -~ Chromium Reclamation



37

® 6.25 mm. PVC Pipe

————
4 10 mm! Round PVC Plate
lyethylene Net
. wg
o
©
Transparent Acrylic /Sheet Window
——— =
o
o
e
™ ' Window 32 ® 5 mm. Holes
o
Q o3
o —
o
N SOSI:
8a =
965 mm. P
PVC Pipé © o000 & =
S0 66
g o oelode S
. &80 2
5l5110 |10
TT 71T 1
#65 mm. PVC
Flange
Polyethylene DETAIL( : )
3~ Net
TN\G mm? Perforated
PVC Plate (A)
© . i ' Not to scaie
S T Flange —_———
T ¢6.25mm.PVC_Pipe

Fig. 8 Drawings of Experimental lon Exchange Columns



38

about 220, 000 mg/cu.dm..Cr VI concentrated, was>mixed with the\
chromic acid recovered from the treatment unit and diluted Wlth
ltaP water to about 100.mg/cu.dm. Cr VI. The synthetiC»wastewater
was stored in a 350 cu.dme PVC tank before pumped to the ion
exchange system at the downflow ratesof 32 cu.dm,/hour or 16 bed
volumes/hou; {(BV/hr,)Yes "The flowrate was measured by using a rota~
meter and was controlled by the in-line needle valve as well as
the by-pass valve. Rétufned wastewater through the by-pass

valve, oncé discharged into the storage PVC‘tank, created

sufficient turbulence tg ensure the uniformity of the wastewater

2

in the tanke

4.3 Experimental Program

In each cyele of the deionization process, the treated
water with the resistivity of 20 x 107 = 50 % 10% ohmecmo
Lconductivity’of 255 A1S/cme) would be ﬁartially kept for the
preparation of{hydreochloricpacid and sodium hydroxide regenerants
and slow rinsing purposes. Another portion was stored in a
60 CUo.dme plastié container) for |fast rinsiﬁg éurpose. The |
breakthrough vo;umes were re;orded és the'resistivity of the
product water'was reduced to as low as 0.2 x 104 ohm~cn. f{con-

ductivity of 500 micro siemen per cm.). After 600 cu.dm. or
300 BV of feed‘water were passed through the exchange beds and/or

after b:éakthrough of each cycle of chromic acid recovery, the
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ion exchange columns were backwashed and counter currently
reéenerated. After the regeneration was completed, the resins
were upflow—siow rinsed with 12 cu.dm. (6 BV) of deionized

water at the same flowrate as that in the regeneration process.
Then, the exchange columns were further downflow fast rinsed with

deionized water at the flowrate of 32 cus.dm./hr. or 16 BV/hr.

for 15 minutese-

It is noteworthy that, in eVery cycle, the SAC columns
were regenerated at the flowrate of 150 cu.cme./mine(4.5 BV/hra)
with 4 cu.dme of 8% by weight hydroghloric acid wﬁich is equi-
valent to the regeneration level of 166 gm.HCl/cu.dme.resin.

This is so in order té keéep the condition of the feed water from
the first SAC column to the SBA resins column constant for all
circumstances and enly the effects of the sodium hydroxide
regenerant could be examined. For the recovery cclumn, the
exchange .capacity of SAC.resins will be the same in every cycle
with this constant regeneration conidition so that only the effects

.of feed sodium dichromate solutionicould be studied,

For the SBA.resims column regeneration, céicentration
and/or quantities of sodium hydroxide regenerants were changed in
each run in order to determine the 6ptimum concentration of the‘
sodium hydroxide regenérant so as to obtain the maximum chromic

acid concentration., In the first part of the study, the regene-

rant volume of 4 cu.dm.(2 BV) was used while the regeneration



flowrate was kept constant at the rate of 150 cu.cm./min. (4,5 BV
per hour) and variation of the sodium hydroxide regenerant concen-
tration ranging from 3«5 to 15.0 per cent by weight was investigated.
History curves of SBA column reéeneratiaﬁ and sodium’ hydroxide
'regenerant concentrations VeS. peak & composite Cr VI values of
sodium dicﬁromate solutions curves were drawn and the optimum

sodium hydroxide solution was obtained,

In the second part of study, the effects of regeneration
flowrate were investigated,at the optimum sodium hydroxide regene--

rant concentration. Four Cu.dm. of 7.5 per cent by weight sodium
hydroxide regenerant were used at the regeneration flowrate of
100 and 200 cuscme/min.; which wepe, equivalent to 3.0 and 6,0 BV/hr.,

. respectivelye

The SBA xesins column regeneration with different regenerant
concentrations at the same. regeneration level were studied in the
third part; The regeneration-level.pf 162,.5 gmofNéOH/cuodm. resin,
which is the regenerafioﬁ level of, the optimum sodium\hydroxide'
regenerant concentrétion obtained'frém the first paft, was kepﬁ
.constant. The |coneentrations of ;odium hydroxide regenerant wefe
varied ranging from 3.5 to 15.0 per cent by Weight so that the |
effects of contact time andregeneration level on the regenérationr

could be evaluated.

In the fourth part of the experiment, concentrated and
diluted sodium dichromate solutions, eluted from SBA column rege-

neration, werc separateds The concentrated sodium dichromate
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solution was passed through the recovery column of SAC resins while
the diluted one was used as the regenerant of the SBA resins column
prior to the fresh sodium hydroxide solution. Higher concentration

of chromic acid were expected to be resulted.

The sodium dichromate solution'eluted from the SBA column
during the regeneration was collected and stored in 20 cu.dme
plastic container. . 2his composite sodium chromate solution was
fed to the recovery SAC column, at the flowrate of 16 cuedm./hour

(8 BV/hour)e. This would result in conecentrated chromic acid as

‘its effluent, which could be collected and reclaimed.

4.4 Sampling and Analysis

In each experimental run, twe samples of influent and
five samples at 4003 500, 550, 575 and 600 cusdme. of effluent
were collected and analysed for pH, Cr VI, iron, zinc and coppere
In the reéeneration of SBA column, samples of the eluted sodium
dichromate solittion were intermittenly collected and analysed for
pH and Cr VI. As a consequence, the history curves of the
regeneration could be determined. /The samples of ‘eluted sodium

dichromate stored in a 20 cu.dm. plastic container were taken and

analysed for pH, Cr VI and sodiume

In the recovery of chromic acid, samples of the produced

chromic acid were intermittenly grabbed and the composite samples
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of recovered chromic acid were also collected. Both types of

samples were analysed for pH, cr VI, sodium and aciditye.

The pH measurement was done through the Beckman Zeromatic

5 as detected by using the

Lange's flame photomet 2t ¢ ;ﬁum, acidity, zinc, iron

and copper were test(- ance " e Standard Mei:hods.(ls)
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