- CHAPTER V

RESULTS AND DISCUSSIONS

5.1 Characteristics of the Treated Effluents

Results of the experiments shown in Tables 5 and 6
1ndi¢ated the possibility of using the ion exchange system for
treating chrome wastéwaters | The chromium content in the treated

water at 400 cuedm. (200 BV ) of effluent was ranging from as low

as the trace amount to 0.18 mg/cusdme.Cr VI, The pH of the composite

trated water was rather 10w, ranging from 2.83 to 7.7 This
could be explained by the fact that the breakthrough points of
chloride and other anions occurred prior to that of dichromate
ionse. When the former group of jons combined with hydrogern, the
reaction would end up with acids which tended to decrease the pH
of the product watere However, the treated water could be either
disposed of with minimum adverse-effect to the environment, Pro=
viding that reutralization was practiced prior to discharge,; cr
directly recycled tothe ainsing (stage in the electroplating

process. As a result, a close=circuit or fAon-waste system could

be experienceds

In each experiment, the treated water volume at break-
through point of the ion exchange cycle was ranging from 300 to

600 cu.dme(150 to 300 BV/cycle) and it was found that the break-



Table 5 Heavy Metal Removal by Ion Exchange Process

Demineraligation Flowrate = 16 BV/hour

Run No. - 1l

Date

2062078 942078 18.2.78 234278 1.3.78 9,3,78 1543478 24.3,78

Regeneration Level,

gm NaOH/cu.dmeResin 349,20 222.18 105.57

T R M A T e S T W —

T2.74 162,50 284463 162,50 162.50

meg./cu.cm.Resin 8.73 Sgfs 2.064 1.82 4,06 7.12 4;05 4¢06
Regenerant NaOH e
Concn, % by wte 15,0  10.0 5.0 3.5 7e5 1245 75 7ol
Breakthrough S
Volume, cu.dme 575 633 575 528 537 515 575 545
Influert pH 6.0 4.7 4.4 4,13  3.97  3.53 3.6 3.57
Cr VI 104 88 91 97 98 97.5 97 100
Zn S
Fe 0,02
Cu 0,1
Effluent pH 6‘5 7.0 5'9 6.65 6¢55 4.6 7-7 5.25
at 2008V Cr VI tr e tr Ce02 tr tx tr tr
(400 cu. Zn
d-mu) Fe Nil
Cu
Note: All values except pH are in mg/cu.dm,

tr = trace amount
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Table 6 Heavy Metal Removal by Ion Exchange Process
Demineralizdtim Flowrate = 16 BV/hour
Regeneration Level = 16245 gm NaOH/cu.dm.Resin
= 4,06 meqe./cu.cmo.Resin

B R

Run Noce 9 10

11 12 ¥ 14 15 16 17

Date 13.6.78 2206078 2956678 6.7.78 13.7e78 19,7,78 27.7.78 748.78 14.8.78
Regenerah‘.t.NaOH 3a5 5.0 10.0 12.5 15.0 7.5 - 7e5 -
Concn, % by wte
Break through 443 405 398 / /1386 321 411 392 367 380
Volume, cu«dme
Tnfiuent pH 3e2 3.37 344 3.4 1.4 3e3  3e33 3.2 2e8

cr VI 98 99 101 98 98 105 99 105 101

zZn 5 e

FE 0002

Cu C.1
Effluent pH 4.8 4,2 3.9 3.6 5.3 3.75  3e33 3.2 2483
at 200 BV Cr VI  tr 0.01 0.04— 0.05 0.18 tr _0.04 0403 0,02
(400 cu. 2Zn
dm.) Fe nil

Cu

i A WL W YL MG R T e e M

Note: All values except pH are in mg/cu.dm.

tr = trace amount

sv
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thraagh volumes in the experiments No. 9 to No. 16 were less than
those in the experiments No. 1 to No. 8, The breakthrough volumes
in the experiments No., 1 to 8 and No. 9 to 17 ranged from 500 to
600 and 300 to 400 cu.dm./cycle. This could be explained that
after the eighth experiment, the exhausted ion exchange resin

Beds were left standing in diluted chromic acid solution for nearly
three months, Chromic acid is a strong oxidising agent. It may
deteriorate the resin &6 some extent and, @s a result, decrease

the efficiencies of the pesins. 1)

5.2 SBA Columh Regereration

The regeneration gondition of the SAC column was kept
constant throughout this investigation. Four cu.dme. of eight per
cent by weight hydrochloric acid was used as the regenerant. With
this method, the quality of the feed water from SAC column to S5BA
column would be the same in every cycle. On the contrary, different
regeneration levels, contact times, regeneration flowrate and
concentrationsy? of sodium hydroxide regenerant|were used for the

regeneration of "'SBA column such that their effects could be

evaluateds

5e2.1 SBA Column Regeneration at Constant Regenerant Volume

The results of the experiments No. 1 to No. 6 are shown
in Table 7. Four cu.dm. of sodium hydroxide regenerant was used
while the regeneration £lowrate was kept constant at the rate of

150 cu.cm./mine.(4+5 BV/hre} and variation of sodium hydroxide



Table 7 Characteristics of Eluted Sodium Dichromate and Reclaimed Chromic Acid
at Various Sodium hydroxide Regenerant Concentrations

Run No.

1 2 3 4 5 6 1 8
Date 2.2,78 9.2.78 18.2.78729,2.78 1.3.78 9.3.78 1643,78 24.3.78
NaOH Concn, % by wte 1540 ud0=0 5.0 3e5 745 12,5 75 745
Regeneration Level,
gn NaOH/cu.dm.Resin 349.200922¢018 105.57 72.74 162,50 284,63 162.50 162450
meq./cu.c:m. Resin 8.773 5455 2564 1.82 4,06 Tel2 4,06 4.06
Regeneration Flowrate, - '
CieChe/Mine : 150 150 150 150 150 150 100 200
BV/hour ' 4.5 4.5 4.5 4.5 4.5 4,5 3.0 6.0
Contact time, mine 38.7 26e7 2687 | 26.7. 267 2647 4040 20,0
Eluted Composite pH 13.77 13550 13.40° 11.80 13447 13470 13.43 13.50
Na,Cr,7  Peak Cr VI 23,300 21,797 10,547 9,094 22,422 23,360 19,453 18,672
Composite Cr VI 6,030/ 5,532 4,313 , 3,538 5,938 4,897 4,563 4,094
Composite Na - - 16,813 5,563 16,375 25,625 15,563 16,500
Reclaimed Composite pH 1.87  1.83 1470 175  1.77 1477 1480 1.63
H,Cr,0,  Peak Cr VI 5,250 4,782 4,157 3,532/ 5,469 4,297 4,438 3,950
Composite Cr VI 3,810 3,516 3,225 2,953~ 4,000 3,110 3,438 2,863
Composite Na - 2875 92.5 4.2 294,0 112,5 350,,0 115.0
Composite Acidity - 7,099 7,553 8,450 8,780 7,850 8,650 8,200
(CaC03)

P

Notes All values except [pH are in mg/cusdm.

Chromic¢ Acid Reclamation Flowrate = l6.cu.dme/hour.= 8 BV/hbur.

LY
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concentration ranging from 3.5 to 15.0 per cent by weight was
investigatede History curves of the SBA column regeneration as
represented by the concentration of the hexavalent chromium in the
eluted sodium dichromate solution are shown in Figure 2. Since
the highest passible concentration of recovered dichromate was
required, it was evident that the optimum concentration of sodium
hydroxide regenerant was 7.5 per cent. by weight,. The peak values
of chromium concentration in the eluted sodium dichromate solution
rose from 9,094 to 22,422 mg./cu.dm.Cr VI {an increase of 147 per
cent) as the concentratiom of sodium hydroxide regenerant was
raised from 3.5 to 7.3 per cent, see Figure 10, Furthermore,

the average chromium ceontent in the whole composite sodium dichro-
mate solution increased/from 3,538 to 5,938 mg./cu.dm.Cr VI, when
the concentration of regenerant was raised from 3.5 to 7.5 per

cent respectively.

Beyond the optimum 7.5 per cent regenerant concentration,
there wag no clear digtinction among the congentrations of chromic
acid. An increase, of, the regenerant concentration from 75 to 150
per cent could only raise the peak value of dichromate from 22,422
to 23,300 mgsfcuedmeCr VIy-or a.0,04 per.cent rise, ~ In some case,
as shown im Figure 10, both the peak and average values of the
chromium content even declined. This was probably due to the high
density of the concentrated sodium hydroxide solutions The specie-
fic gravity of SBA resin in chloride form was 1,09 while those of
sodium hydroxide solution wae reported to be 1.0869, 1.,1089,

1.1309 and 1.1751 at 8, 10, 12 and 16 per cent concentration,
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respectively(ls). It was obvious that during the upflow regeneration

of the SBA column, the resins could be pushed up and didpersed.
The operating capacity of resin would, accordingly, decline(lé)

and it was therefore a waste to use any regenerant with concentra-—

tion above the optimum 7.5 per ceng.

T+ should be pointed out here that the regeneration levels
of the SBA column also“Ehanged in this study and, hence, their
impact on the concentrations of the eluted sodium dichromate solu-
tion might be anticipatéds (On the other hand, this effect would
be insignificant becausg all regeneration levels were very high,
ranging from 1.82 to 8673 méq./cu.cm. of resin, They were in
excess of the exchange capacity of the SBA resin which was theoriti=-

cally le5 mege/cu.cme of resin, see Table 4.

5.,2.2 SBA Column Regeneration at Constant Regeneration Level

Tn the experiments No. 9 to Noe 13, the sodium hydroxide
solution of 3e5 td 1540 péricent by weight concentration were
used as regenérants at the regeneration level of 162,5 gmeNaOH/
Cue.dme resin. | This was the optimum régeneration level of SBA
column obtained from the previous set of experimentss The
regeneration flowrate was keept constant at 150 cuccme/mine(4s5
BV/hrede The resﬁlts of the experiments are shown in Table 8.
Tt can be scen that the maximum peak Cr VI value of 22,813 mge/cCusdme

Cr VI could be obtained from the SBA column regeneration with



Table 8 Characteristics of Eluted Sodium dichromate and Reclaimed Chromic
Acid at Various Sodium hydroxide Regenerant Concentrations {Constant
Regeneration Level = 162.5 gm NaOH/cu.dm. Resin)

Run Noe 9 10 11 12 13 14 16

Date ” | | 1306478 22.6.78 2946478 6.7078 13778 19.7-78 78478

NaOH Concn, % by wte 3.5 5.0 10,0 12,5 1540 7.5 745
“NaOR,Regenekant oo 2.0

& 4 .
USEd, Cu.dm. 8.94 5.16 2093 2-28 1.80 -oo 4 C

“CTontact time, mina. BT.60 41,07 | 19+53 15480 12,40 26.67 26467
Eluted  Composite pH 15403 & 1543 13.25 13415 13425 13447 =
N32Cr207 Peak Cr VI 12,969 ¥6,641 17,500 20,469 19,532 22,81}020,938

Composite Cr VI 3,100/ 4,300 5,050 6,063 5,188 14,922 13,125°
Composite Na 6,150° (0,250( 10,250 11,000 11,250 19,500 26,000%
VOlume, Cuo.dme 20.94 18,16 14,93 14428 13.86 315 3a15°
Reclaimed CompOSite pH - 1,83 1.65 1.7 1.77 1953 1.4
H,Cr,0,  Peak Cr VI 3,000 | 4,225 4,800 5,625 5,063 10,547 =
Composite Cr VI 2,470 3,4iBB 3,750 4,300 3,875 7,683 6,875
Composite Na 248 340 250 525 775 575 300

Composite acidity
(CaCO3}

VOlume, Cuedme. 13,87 12.27 Il o220 1067 11.20 Be00 8-00

b

5,898 8,452 10,070 10,876 9,567 19,435 18,781

-

Notes: All values except pH are in mg/Cluedme
Chromic Reclamation Flowrate = 16 cu.dm./hour = 8 BV/hour.

L J
Values of Composite NaZCrZO7 for Recovery

rAY
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7.5 per cent sodium hydroxide regenerant. The peak Cr VI value
increased from 12,269 to 22,813 mg./cu.dm. Cr VI {an increase of

76 per cent) as the concentration of sodium hydroxide was raised

from 3.5 to 7.5 per cent and decreased from 22,813 to 19,532 mge/ctiadme
Cr VI as the concentration of sodiums hydroxide was increased from

7.5 to 15.0 per cent. (See Figures 10-and 11)

54263 SBA_lepmn.Eggeneration at Different Regeneration Levels

Figures 12 to 17 show the history curves of SBA column
regeneration with Same concentration of sodium hydroxide solution
but at different regeneration levels. The results show that
higher peak Cr VI values could be ebtained by using higher
regeneration leveles This is because more quantity and volume
of sodium hydroxide regenerant was used with longer contact time

and the ions could exchange more completelys

5.2.4 §§@;§Eggmn Regeneration at Different Regeneration Flecwrate

Once the ‘optimum regenerant concentration had been deter—
mined, different regeneration flowrate.were studied. Figure 18
shows the history curves “of SBA column O regeneration_at 100, 150
and 200 cloCme/mine (30, 4¢5 and 6.0 BV/hr.) and the results of
the experiment ore shown in Table 7. From the results and hige
tory curves, it can be seen that the SBA column regeneration at

150 cuecme/mine. was the most effective.
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5.3 Results of Chromic Acid Recovery

Tables 7 and 8 also illustrates the characteristics of
the composite chromic acid recovered from the last SAC column while
Figures 19 to 22 show the elution patterns of the chromic acid
reclaimed. In every operation cycley the concentrations of the
chromic acid were found to.be less than those of the feed sodium
dichromate solutione. (S€e Figures 23 a and 23 be) For example,
in Figure 23 b, the @oncengrations of the composite chromic acid
were 4,000 and 2,953 fg./cu.dme-CreVI when the concentrations of
feed sodium dichromatg sglution were 5,938 and 3,538 mg./CuoCine
Cr VI at the regenerant concentration of 7.5 and 3.5 per cent,
respectively. This phenomenon was due to the dilution effect of the
rinse water still remaining in the column after each regeneration
cycles However, as it is shéwn in Figures 19 to 22, the peak values
of the reclaimed chromic acid approached those of the feed sodium
dichromate solution as. the exchanges proceedede. The concentrations
of the chromic acid appeared to reach their plateaus at about 8 cu.dm.
or 4 bed volumes of effluents.. The peak chromic contents, for
instance,’were as/high ' as 4,157 and 4,782 mg./cusdms Cr VI when the
feed chromium concentrations were 4,313 and 5,532 mg./cue.dme Cr VI,

respectively. (See Table 7a.)

Based on the experience gained from this phenomenon, it
could be suggested that larger recovery column be usaed, By

so-doing, many recovery cycles would be possible for each regenera~
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tion cycle of the SAC recovery bed. As a result, the dilution
effect of the remaining rinse water for every cycle would be
eliminateds Only the first recovery cycle would be affected,

resulting in higher concentration of reclaimed chromic acide.

Figures 24, 25 and 26 show tHe elution patterns of
acidity of chromic acid, while Figure 27 shows the relation
between Cr VI concentratiefl and acidity of chromic acide It was found
that the acidity of recoevered chromiq acid was ranging between .
5,898 to 10,876 mg./cu.di. @s CaCO,. (Also sce Tables 7 and Be)
The value of acidity depended on Cr ¥I value, when Cr VI value
of chromic acid was high, the ‘acidity would be subsequently high
but the acidity would be suddenly dropped when the breakthrough of

SAC resin in recovery column was reacheds

5.4 Sodium Content in Eluted Sodium dichromate @nd Recovered

Chromic Acid Solutions

Tables 7 [and 8 lalso show the ‘values of| sodium concentra-
tion in composite éamples of eluted sodium dichromate and recovered
chromic acids From the results in Table 7, it can be,seen that
when the 3SBA column was regenerated with Eigher regeneration

level, ie.cey mére quantity of sodium hydroxide was used for the
regeneration, higher concentration of sodium in eluted sodium
dichromate solution would be obtained. Table 8 shows the results
obtained from the SBA column regeneration at constant regeneration

level of 162,5 gme NaOH/cu.dm. resin, i.e., same quantity of sodium
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hydraxide regenerant was used in each cycle. It was found that

the c.ncentration of sodium in eluted sodium dichromate obtained
from low sodium hydroxide regenerant concentration was lower than
the one obtained from the higher regenerant concentration, This
could be explained by the fact that the volumes of sodium hydroxide
regenerant at lower concentrations must be 1arger than those of
higher concentrations. .As8 a result, the total volumes of the
eluted sodium dichromate selution, obtained from the regeneration
at low concentration of sedium hydroxide, would be also larger
than those, cbtained aft higher concentration of regenerants, As
the quantity of sodium hydroxide for regeneration was constant,
the concentrations of sodium increased as the volume of the sodium

dichromate solution decreaseds

In the recovery column, the H=type SAC resin was used as
ion exchangers so that sodium dichromate would be exchanged to
become chromic acide However, the H-type SAC fesins have certain
capacity to exchange their H'n ione rwithy Na© 1andcalso with other
cations in the feéd solutions In case of the chromic acid
recovery, If)|the ‘competing sodium concentration inthe other forms
of sodium salt was low, the column could recover relatively more
chromic acid before its breakthrough capacity was reached and

vise versa.

The elution patterns of sodium content of chromic acid
are shown in Figures 28, 29 and 30. It is shown that there would

be a sudden rise of sodium concentration as the SAC revovery
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column reached its breakthrough point.

5.5 Some Eﬁggpiments on SBA Column Regeneration and Chronmic Acid

-

Recoverz

In. the experimental cycles NOgs 14, 15, 16 and 17, the
concentrated and diluted pertions of eluted sodium dichromate
solution were separateds The concentrated portion was passed
through the SAC recovery g€olumn for recovery whilerthe diluted
portion was used as the pre~regenerant prior to the conventional
regeneration by the sodium hydroxide solutione It was found
that the results of regemeration as shown in Table 9 and presented
by the history curves of regeneration in Figures 31 and 32 were
not much disturbed. In cycle No. 17, 4.5 cu.dma Cr VI concentration
sodium dichromate solution was used as the regenerant-prior to
4,0 cuodme OF 75 per cent sodium hydroxide solution. The peak
and composite Cr VI values were found to be 20,704 and 7,250 mge/
cu.dme Cr VI, respectively. Eventhaugh the obtained peak value
was lower than thatlobtained from the regeneration with pure 7.5
per cent sodium hydroxide, the compositesCr VI value was highers
(Also see Tables' 7' and '8.)00Onlthe other hand, in cycle No. 14,
sodium dichromate solution of 14,922 mg./cu.dme. Cr VI concentra-
tion was fed to the recovery column. The recovered chromic.acid
was found to be 7,688 mge/cue.dm. Cr VI with the peak Cr VI value
of 10,547 mge/cue.dms Cr VI while the acidity was 19,435 mge/cu.die

as CaCOS.
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Table 9 Characteristics of Eluted Sodium Dichromate

Reclaimed chromic Acid

Run Noe 15 17
Date 27.7.78 1'4*.8.78
Regenerant NaZCrZO7
Concn, mg/cuedm.Cr VI 24200 24525
Volume, ClelMe 8e5 44,5
RegeneraﬁEMNaOH - 75 Te5
Loncn,y, % by wte
Volume, cue.dme 4 4
Contact time, mind 83.3 5667
"Eluted  Composite pH. 13.23 13.5
NaZCrzo7 Peak Cr VI 20, 750 20,704
Composite Cr VI 4,594 74250
Composite NaZCr207for
Recovery
Composite Cr VI 4,594 11,485
Composite Na 9,750 32,500
Vclul'n@, CUodIno 20.5 2.7
Reclaimed Composite. ph 1.8 1e47
H,Cr,0., " Peak Cr VI 4,463 8,219
Composite C¥ VI 3,500 64344
Composite Na 200 150
Composite Acidity
(CaCO3) 9,813 15,055
Volume, Cu.dm, 11.7 6e7

PP

Notes | All values are dn mg/cu.dmd except bH and volume

Chromic Acid Reclamation Flowrate

= 16‘cuodm./hour

8 BV /hour
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The obtained data had shownthe possibility to recover
chromic acid of high concentration by separating and passing only
the concentrated portion of eluted sodium dichromate through the
SAC recovery column, The diluted portion of sodium dichromate
solution would then be used as SBA column pre-regenerant prior
to the sodium hydroxide solution with least adverse effects to

the SBA column regeneratiocns

5.6 The Use of the RecoVeregd Chromic Acid in Electroplating Process

The highest concentration| of the recevered chromic acid
obtained from this rescarch was 7,688 mg./cu.dm. Cr VI, This
concentration, however, was not. high enough to be directly
recycled to the electroplating process which normally required
130,000 to 200,000 mgs/cusdms Cr VI °?°’. ‘Nevertheless, the
reclaimed chromic acld could be further evaporiited at less
expense to the required concentration; and consequently, could
be used as the chromic_acid bath in the electroplating processe

This would provide, some~economic benefits in termstof lowering

the energy and,fhe capital costs of the concentration “processs
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