CHAPTERIV

RESULTS AND DISCUSSION \ep—

4.1 Start up reactor analysis
411 pH

Both the first and the second reactor, the pH during the 1< day to the 8hday
Was quite stable. It changed in a very narrow range from 7.13 to 7.28. The stablility of
pH showed the balance of organic acid generation and organic acid digestion in the
reactors,
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Figure 4.1 Daily pH in completely-mixed anagrobic reactors before adding Zinc.



4.1.2 Temperature

Both the first and the second reactor, the temperature in the reactors were
dependent on ambient temperature. Figure 4.2 showed that the temperatures in the
two reactors were changed in the range between 30 and 32 degree Celsius which were
suitable for the mesophillic bacteria growth (between 25-35 C). So, SRB could grew
and established anagrobic condition in the reactors
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Figure 4.2 Daily temperature in completely-mixed anaerobic reactors before adding
Zinc.

4.1.3 Oxidation reduction potential (ORP)

At the beginning the reactor mixture in the first and the second reactor mixed
with many compositions. Then ORP increased from the slucge seeding (-195 mV). In
Figure 4.3, ORP dropped from -49 mV/ at the beginning to -146 mV/ at the 8 day.

They showed that the anaerobic bacteria grew and was established anaerobic
condltion,
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Figure 43 Daily oxidation reduction potential in completely-mixed anaerobic
reactors before adding zinc.

4.2.4 Chemical oxygen demand (COD)

In the start up process total COD and dissolved COD would be changed in the
same trend that was anaerobic bacteria using COD for their growth (Figures 4.4
and 4.5). From figure 4.4, the total the COD was decreased from the 1 to the 6th
day. From the 6thto the 8thday, total COD in the reactor become stable.
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Figure 4.4 Daily total COD of the reactor mixture in completely-mixed anaerobic

reactor before adding Zinc.

From figures 4.5, dissolved COD was decreased from the 14 to the 6th day.

From the 6thto the Bihday, dissolved COD in the reactor become stable.
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Figure 4.5 Daily dissolved COD of the reactor mixture in completely-mixed

anagrobic reactor before adaing zinc.
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415 Sulfate

Sulfate decreased slowly at the first 2 days so the sulfate reduction was quite
low. After the 3 day, the sulfate decreased faster than the first 2 days. After the 6t
day, sulfate reducing process was well established as can be seen from the low
concentration of sulfate in the system. The sulfate concentration decreased to 25% of
Initial concentration within 6 days.
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Figure 4.6 Daily sulfate in completely-mixed anagrabic reactor before adding zinc.
4.1.6 Sulfides

Sulficle increased slowy in the first 2 days and quickly from the 3 through
the 6thday. It showed the sulfate reduicing bacteria can change sulfate to sulfide. The
amount of decreased sulfate was equal to the amount of increased sulfide as appeared
In figures 4.6 and 4.7 in term of sulfur. It showed that the increased sulfide was from
decreased sulfate. From the 6ihto the 8hday, the sulfide was constant at 8 mg./. and
was the indication of system readiness.
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Figure 4.7 Daily sulfice in completely-mixed anaerobic reactor before adding zinc.
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4.2 Operation reactor analysis

After the ORP, Total COD, Dissolved COD, sulfate and sulfide had become
steadly at the 8ihday and the synthesized westewater was injected the results appear &
follows:

4.2.1 The first injection

On the 9thday, 2 ml of the synthesized wastewater containing 10,000 my1 of
zinc was injected to bring concentration of the zinc in the reactor to be 10 pom (Zinc
20 mg. for 2 liters in the reactor, 10 myL or 10 ppm). Sulfide and Zinc in reactor were
observed every 30 minutes for the first 2 hours. Sulfide decreased rapicly because
some was used to precipitate the zinc so the figure 4.8 showed the sulfide decreased
instantly from 8 my1 to 2 my/L inthe first 30 minutes for zinc precipitation. However,
the amount of sulficke increased slowly in the next 2 hours to showed the recovery of
sulfide in the system by sulfate reducing bacteria to change sulfate in synthesized
wastewater to sulfice. The sulficle recovery can be mace to the same level within 900
minutes (15 hours). After 900 minutes (15 hours) of the injection of synthesized
wastewater, the sulfice recovery would be &t the same level as it was before injection.
It showed 10 ppm of zinc in the reactor did not have effect on sulfide recovery
Process,

Figure 4.9 showed that zinc precipitated very quickly. Zinc precipitated to
nearly 0 my1 (0.17 pom or 0.17 myL) in the first 30 minutes. So after the first 30
minutes, concentration of zinc did not change (or changes less than 0.1 pom).
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Figure 4.8 Sulfide in completely-mixed anaerobic reactor after the first injection.
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Figure 4.9 Zinc in completely-mixed anaerobic reactor after the first injection.



53

4.2.2 The second injection

50 my1L of additional sulfur (MgSO047HD) was filled on the 12 day. The
additional sulfur was filled to increase suifate level in the system. This addlitional
sulfur calculated from sulfur 50 myL was sufficient to precipitate zinc 100 pom The
sulfate and sulfide were observed every day. Sulfide increased very fast on the 13h
day (from 8 my1 to 36 myL) and would increase slowdy at the 14tday until the 22rd
day.

On the 23 day, 4 ml of the synthesized wastewater contain 10,000 ny1 of
zinc was injected into the reactor to increase the concentration of zinc (Zinc 40 mg for
2 liters in the reactor, 20 myL or 20 ppm). Sulfide and Zinc in the reactor were
observed for every 10 minutes for 1 hour. Sulfide decreased rapidly because some
was used to precipitate the zinc. So the figure 4.10 showed sulfidk decreases instantly
from 52 myL to 42 myLin the first 10 minutes for zinc precipitation.

Figure 4.11 showed zinc precipitated very quickly. Zinc precipitated to 0.34
myL (0.34 ppm) in the first 10 minutes. So after the first 10 minutes, concentration of
zinc did not change (or changes less than 0.1 ppm), Ihr. after the injection, the
concentration of zinc was decrease t0 0.19 myL (0.19 pom).

This injection Showed the precipitation process happened very fast. The rate of
zinc precipitation and sulfide recovery did not have effect from the increase of zinc
concentration injection from 10 ppmto 20 ppm Figure 4.26 showed sulfice &t the 231
day before the second injection wes equal to sulfide at the 24t day. It showed the
recovery of sulfide could bring sulfide back to 50 nyL in the next day.
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Figure 4.10 Sulfice in completely-mixed anaerobic reactor after the second injection,
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Figure 4.11 Zinc in completely-mixed anaerobic reactor after the second injection.
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4.2.3 The third injection

On the 25thday, 4 ml of the synthesized wastewater contain 10,000 my1 of
Zinc was injected into the reactor to increased the concentration of zinc (Zinc 40 my
for 2 liters in the reactor, 20 myL or 20 ppm). Sulfide and Zinc in the reactor were
observed every 10 minutes for 1 hour. Sulfide decreased rapicly because some wes
used to precipitate the zinc. So figure 4.12 showed that sulfide decreases instantly
from 52 myL to 42 myL in the first 10 minutes for zinc precipitation.

Figure 4.13 showed zinc precipitated very quickly. Zinc precipitated to 046
myL (0.46 ppm) in the first 10 minutes. After the first 10 minutes, the concentration
of the zinc did not change (or changes less than 0.1 ppm), Ihr. after the injection, the
concentration of zinc was decrease t0 0.20 ny (0.20 ppm)

This injection showed the precipitation process happened very fast. Figure
4.26 showed sulficke on the 25thday before the third injection was equal to sulfide on
the 26thday. It showed the recovery of sulfide could bring sulfide back to 52 gL in
the next day and injection 20 ppm of zinc into the reactor did not have effect on
Sulfice recovery process,
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Figure 4.12 Sulfide in completely-mixed anaerobic reactor after the third injection,
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Figure 4.13 Zinc in completely-mixed anagrobic reactor after the third injection.
4.2.4 The forth injection

On the 28t day, 4 ml of the synthesized wastewater contain 10,000 my1 of
Zinc was injected into the reactor to increase the concentration of zinc (Zinc 40 mg for
2 liters in the reactor, 20my/l or 20 ppm). Sulfice and Zinc in the reactor were
observed every 10 minutes for 1 hour. Sulfide decreased rapialy because some was
Used to precipitate the zinc. The figure 4.14 showed that sulfide decreases instantly
from52 my1 to 42 ny/L in the first 10 minutes for zinc precipitation.

Figure 4.15 showed zinc precipitated very quickly. Zinc precipitated to 042
myL (0.42 ppm) inthe first 10 minutes, After the first 10 minutes, the concentration
of the zinc did not change (or changes less than 0.1 ppm), Ihr. after the injection, the
concentration of zinc was decrease to 0.36 gyl (0.36 ppm).
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This injection showed the precipitation process happened very fast. Figure
4.26 showed sulfice on the 28inday before the fourth injection was equal to sulfide on
the 29thday. It showed the recovery of sulfide could bring sulfide back to 52 gy in
the next day and injection 20 ppm of zinc into the reactor did not have effect on
Sulficle recovery process.
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Figure 4.14 Sulfide in completely-mixed anaerobic reactor after the forth injection.



58

25 0.45 0424— 0424 0417 0416—0.413
0.4 ———o——o— ———¢ 0.368
035 B
go.s
w02 —
. 5).15
= 15 0.1 —
S 0.05
by 0
g 0 10 20 30 40 50 60 70
N 10 |
Time after the forth injection (mins)
i / )
¥ .......................................... ..
0 :o ooooooooooo ? ooooooooo ? ooooooooo ? ooooooooo ?. oo e® )
0 10 20 30 40 50 60 70
Time after the forth injection (mins)

Figure 4.15 Zinc in completely-mixed anaerobic reactor after the forth injection.
4.25 The fifth injection

On the 29t day, 4 ml of the synthesized wastewater contain 10,000 ngy!1 of
Zinc was injected into the reactor to increase the concentration of zinc (Zinc 40 mg for
2 liters in the reactor, 20 myL or 20 ppm) in the reactor. Sulfide and Zinc in the
reactor were observed for every 10 minutes for 1 hour. Sulfide decreased rapicly
because some was Used to precipitate the zinc. The figure 4.16 showed that sulfice
decreased instantly from 52 ngl to 42 gyl in the first 10 minutes for zinc
precipitation.

Figure 4.17 showed zinc precipitated very quickly. Zinc precipitated to 0.43
myL (043 ppm) inthe first 10 minutes, After the first 10 minutes, the concentration
of the zinc aiid not change (o changes less than 0.1 ppm). The concentration of zinc
was cecreased to 0.28 my1 (0.28 ppm) inone hour after the injection.
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This injection showed the precipitation process happened very fast. Figure
4.26 showed sulficke on the 29t day before the fifth injection was equal sulfice at the
30thday. It showed the recovery of sulfide could bring sulfide back to 52 myL in the
next day and injection 20 ppm of zinc into the reactor didl not have effect on sulfice
[ECOVTY PrOcess.
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Figure 4.16 Sulfide in completely-mixed anaerobic reactor after the fifth injection.
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Figure 4.17 Zinc in completely-mixed anaerabic reactor after the fifth injection.




60

4.2.6 The sixth injection

On the 31t day, 10 ml of the synthesized westewater contain 10,000 my1 of
Zinc was Injected into the reactor to increase the concentration of zinc (Zinc 100 my
for 2 liters in the reactor, 50 L or 50 pom) in the reactor. Sulfice and Zinc in the
reactor were observed for every 10 minutes for 1 hour. Sulfice decreased rapidly
because some was Used to precipitate the zinc. The figure 4.18 showed thet sulfice
decreases instantly from 52 myl to 24 myl in the first 10 minutes for zinc
precipitation.

Figure 4.19 showed zinc precipitated very quickly. Zinc precipitated to 0.81
myL (0.81 ppm) in the first 10 minutes, After the first 10 minutes, concentration of
Zinc decreased slowly from 0.8 ppmat the 10thminute to 0.6 ppm & the 60thminute,

This injection showed the precipitation process happens very fast in the first
10 minutes. The 49.4 ppm of zinc was precipitated in first 10 minutes. The zinc did
not precipitate to near 0 at the first 10 minutes. A small amount of zinc (0.8 ppm) wes
available in the reactor. After the first 10 minutes the zinc precipitation continues
Slowly until zinc concentration lower than 0.5 ppm in the next day (the 32rd day).
Figure 4.26 showed sulfide on the 31 ay before the sixth injection was not equal to
sulfice on the 32rd day. It showed the recovery of sulfice had an effect from the
Increasedl concentration of zinc from 20 ppm to 50 ppm The sulfide recovery could
not bring sulfie to the beginning level with the same tine.
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Figure 4.18 Sulfide in completely-mixed anaerobic reactor after the sixth injection.
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Figure4.192inc in completely-mixed anaerobic reactor after the sixth injection.
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4.2.7 The seventh injection

Onthe 32rdlday, 10 ml of the synthesized wastewater contain 10,000 gy of
zinc was injected into the reactor to increase the concentration of zinc (Zinc 100 my
for 2 liters in the reactor, 50 L or 50 ppm) in the reactor. Sulfide and Zinc in the
reactor were observed every 10 minutes for 1 hour. Sulfice decreased rapialy because
some was Used to precipitate the zinc. So, the figure 4.20 showed that sulfice
decreased instantly from 44 my1 to 20 myl in the first 10 minutes for the zinc
precipitation.

Figure 4.21 showed the zinc precipitated very quickly. The zinc precipitated to
106 nyl in the first 10 minutes. After the first 10 minutes, concentration of zinc
decreased slowly from 1,06 ppmat the 10thminute to 0.79 ppm at the 60thminute

This injection showed that the precipitation process happened very fast in the
first 10 minutes. The 49.39 ppm of zinc wes precipitated in the first 10 minutes. The
zinc didl not precipitate to near 0 at the first 10 minutes. A small amount of zinc (1.06
ppm) was available in the reactor. After the first 10 minutes, the zinc precipitation
continues slowly until its concentration to 0.52 ppm in the next day (the 33id ).
Figure 4.26 showed sulficke on the 32rd day before the seventh injection was equal to
sulfice on the 33idaay. It showed the recovery of sulfide could bring sulfide back to
44 gL in the next day. And injection 50 ppm of zinc into the reactor did not have
effect on sulfick recovery process.
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Figure 4.20 Sulficle in completely-mixed anaerobic reactor after the seventh injection,
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Figure4.21zmc in completely-mixed anaerobic reactor after the seventh injection.



4.2.8 The eighth Injection

On the 33rdday, 20 ml of the synthesized wastewater contain 10,000 nyL of
Zinc was Injected into the reactor to increase the concentration of zinc (Zinc 200 mg
for 2 liters in the reactor, 100mg/l or 100 ppm) in the reactor. Sulfice and Zinc in the
reactor were observed for every 10 minutes for 1 hour. Sulfide decreased rapicly
because some was Used to precipitate the zinc. So, the figure 4.22 showed sulfice
decreased instantly from 44 myl to 6 nyl in the first 10 minutes for zinc
precipitation.

Figure 4.23 showed zinc precipitated very quickly. Three-fourths of the zinc
concentration would precipitate in the first 10 minutes. After the first 10 minutes
concentration of the zinc would decrease slowdy from 24 ppmat the 10thminute to 19
ppmat the 60thminute.

After this injection percentage of zinc removal in the first 10 minutes wes
lower than previous injection. For the previous injections, the percentage of zinc
removal was 97 to 98 percent in the first 10 minutes but this injection was 75 percent
(table 4.1 and table 4.2). Then, this injection showed that the Increase of zinc
concentration from 50 ppm to 100 ppm hadl an effect on the precipitation rate. The
precipitation process still happened very fast in the first 10 minutes. The 76.32 ppm of
Zinc was precipitate in the first 10 minutes. But some of the zinc did not precipitated
at the first 10 minutes. One-fourth of the zinc concentration (25 ppm) was available in
the reactor. After the first 10 minutes, the zinc precipitation continues slowly. Zinc
concentration 15 ppm was available in the next day. Figure 4.26 showed sulfide on
the 331l diay before the eighth injection was not equal to sulfide on the 34thday. It
showed the recovery of sulfide wes affected from the increased concentration of zinc
from 50 ppm to 100 ppm Because some of sulfice produced must be used to
precipitate available zinc in the reactor. And the sulfate reducing bacteria was
inhibited by the available zinc in the reactor. However, sulfate reducing can bring
Sulfice back to 40 my1 on the next day (the 34thday).
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Figure 4.22 Sulficke in completely-mixed anagrobic reactor after the eighth injection,
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Figure4.zs Zinc in completely-mixed anaerobic reactor after the eighth injection.
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429 The ninth injection

On the 34thday, 20 ml of the synthesized wastewater contain 10,000 1 of
ZinC was injected into the reactor to increase the concentration of zinc (Zinc 200 mg
for 2 liters in the reactor, 100 my2 or 100 ppm) in the reactor. Sulfide and Zinc in the
reactor were observed for every 10 minutes for 1 hour. Sulfice has decreased rapicly
because some has to be used to precipitate the zinc. So the figure 4.24 showed sulfice
decreased instantly from 40 myLto 0 /L in first 10 minutes for zinc precipitation.

Figure 4.25 showed the zinc precipitated very quickly. A lot of zinc would
precipitate in the first 10 minutes, After the first 10 minutes, concentration of zinc
would decrease slowly from 35 ppmat the 10thminute to 29 pom at the 60hminute,

After this injection, percentage of zinc removal in the first 10 minutes wes
lower than previous injection. The percentage of zinc concentration wes 97 to %
percent in the first 10 minutes for the first 7 injections and 75 percent in the first 10
minutes for the eighth injection (Table 4.4). But the percentage of zinc removal for
this injection was 69 percent in the first 10 minutes. Then, this injection showed that
the second 100 ppm injection of the zinc has an effect on the precipitation rate. The
precipitation process happened very fast in the first 10 minutes. The 79.8 pomof zinc
Was precipitate in the first 10 minutes. But some of the zinc did not precipitate at the
first 10 minutes because sulfice was not sufficient for zinc precipitation. Much zinc
(35 ppm) was available in the reactor. Figure 4.26 showed sulfide was not present on
the 35t It showed the recovery of sulficke caused by 100 ppm concentration of zinc.
Because some of sulficle procuced must be used to precipitate the available zinc inthe
reactor. And sulfate reducing bacteria was inhibited by zinc toxicity. Then sulfate
realicing process cannot convert sulfate to sulfice to sufficient for precipitating the
Zinc in the reactor. Sulfide decreases to 0 my1 on the next day (the 35thday) because
available sulficke used to precipitate zinc. And SRB cannot change sulfate to sulfice.
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Figure4.25 Zinc in completely-mixed anaerobic reactor after the ninth injection.
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4.2.10 Relationship of Sulfate, Sulfide, Total Sulfur and zinc from the 9th day to
the 35th day

The total dissolved sulfur in the reactors was not changed its level without
adding sulfur (MgSs <+ Heo ) and the aoced synthesized wastewater was containing
the amount of sulfur equal to the amount of sulfide used for completely zinc
precipitation. But in this experiment, the total dissolved sulfur was increased twice.
The first increase was on the 13thday by adding 50 my2 sulfur (MgS 2 7 Hw ). And
the second increase was from the 34t day to the 35th day by the accumulation of
sulfate. For the second time, the total dissolved sulfur was increased hecause the
added sulfate was more than sulfide precipitated. 50 nyL of sulfate wes aced for the
3thday and the 35thday. But 42 my1 of sulfice was precipitated on the 34thday and
48 my1 was precipitated on the 35thday. So, 8 nyL of dissolved sulfur from the 34t
day and 2 my1 from the 35th ciay were accumulated in the reactor (Sulfur balance

Appendix K).

In this experiment, the sulfate was transformed to sulfide and all the decreased
Sulfate was transformed to sulfice. Most of zinc could completely precipitation with
residual sulfice in the reactor. But not for the 8thinjection and the Ythinjection, all
sulficke has been used to precipitate zinc on the 34thaay and 35thaay but was still not
enough. The zinc was accumulated in the reactor as shown in figures 4.26

From the resioual sulficl, the amount of precipitated zinc in the reactor can be
calculate. From the precipitation equation, 65 g of zinc precipitate completely with 32
 sulfice. From sulfur balance Appendix K, sulfide in the reactor was precipitated 185
myLor 185 x 2= 370 mg. The 370 my of sulfidk can precipitate zinc 370 « 65/32 =
751,56 mg And from zinc balance Appendix N, total precipitated zinc inthe reactor is
37154 myL or 743,09 mg, The zinc was precipitated lower than the calculation from
sulfur balances a little bit (743.00 mg and 75156 mg). It showed the efficiency of
precipitation by sulfice was 743.09/751.56 = %8.8/%
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Figure 4.26 Sulfate, sulfick, total sulfur and zinc in completely-mixed anaerobic
reactor from the 9thday to the 35thday
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Figure 4.27 dissolved sulfur, non-clissolved sulfur, and total sulfur in completely-
mixedl anaerobic reactor from the 9thday to the 35thaay
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Figure 4.28 dissolved zinc, non-dlissolved zinc, and total zinc in completely-mixed
anaerobic reactor from the 9thday to the 35thday

4.2.11 Comparison of the 2nd 3rd 4th and 5thinjection

The 2rd 3d 4t and 5thinjection were considered to compare because the
same amount of zinc were injected. Figure 4.29 showed the concentration of zinc in
the 2rd to the 5th injection. All of them (2rd to 5t injection) have same trend
concentration of zinc. But a 1 hr. after the 2rd injection, the resioual zinc
concentration was lower than the 3id the 4thand Stinjection. And for 1hr. after the
3dinjection, the residual zinc was lower than the 4thand the Stinjection. It showed
the accumulation of residual zinc in the reactor. For the 4t injection, the zinc
concentration was not lower than the Sthinjection. It assumed zinc concentration on
the 4thinjection was error by instrument.
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One day after the injection, they can recovery the resicual sulfide to be at the

same level as it was before the injection. The concentrations of zinc in the four
Injections were the same trend but the concentration of zinc 1 hour after the injections
has a little difference. The 2rd injection, the concentration of zinc 1 hour after
Injection was 0.19 pom (minimum). The third, the fourth and the fifth were 0.20 ppm
0.36 ppm and 0.28 ppm respectively. The zinc concentration and sulfice at the other
time shown in table 4.1. The concentrations of sulfate in these four injections were the

same level (9 ppm) at Idlay after injection.

Table 4.1 Remaining of zinc and sulficke in the 2rdinjection to the Sthinjection.
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Figure 4.29 Concentration of zinc from 10 to 60 minutes after injection of

synthesized wastewater for the 2ndinjection to the 5thinjection.
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4.3 Comparison of the 1stinjection to the 9thinjection

From figure 4.30, zinc concentrations decreased rapidly in the first 10 minutes
and decreased gradually after the first 10 minutes in all injections. But the available
zinc was not same level as shown in figures 4.28 and 4.29.

431 Comparisons of available zinc after 1 hr. for each injection

One hour after injection, the 1sto the Sthinjection the available zinc was the
same level. The amount of available zinc in the eth and the 7th injection were higher
than the earlier injections as shown in figure 4.3 But the zinc removal efficiency of
the 1gto the 7thinjection in 60 minutes was between 98%-99% as shown in table 4.3
The sth and 9th injection have removed zinc more than that of the 1< to the 7t
Injection. But they have available zinc in the reactor more than the earlier injection
(19 ppm and 28 ppm) as shown in table 4.2 and figure 4.28. The zinc removal
efficiency of the last 2 injections (85% and 78% as shown in table 4.3) was lower that
of than the Isto the Tthinjection.,
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4.3.2 Comparisons of sulfide recovery in 24 hrs. for each injection

For the 1% to the 5th injection, the sulfide recovery could recovery 100% (the
amount of recovered sulfide equal to the amount of precipitated sulfide) as shown in
tables 4.2 and 4.3. They showed the sulfate reducing bacteria did not have effect from
the zinc injection and could achieve sulfate reducing process. But in the ethinjection,
the sulfide recovery dropped to 76.92% (20 ppm from 26 ppm) as shown in tables 4.2
and 4.3. It showed the increased concentration of zinc injection from 20ppm to 50ppm
has an effect on sulfate reducing process. But for the next (the 7t) injection, the
sulfide recovery can recover 100% again (24 ppm from 24 ppm). It shows the sulfate
reducing bacteria adjusts to achieve sulfate reducing process under 50 ppm of zinc in
the reactor. For the sthinjection, the sulfide recovery is dropped to 90% (40 ppm from
45 ppm) as shown in table 4.2 and table 4.3. It showed the increased concentration of
zinc injection from 50 ppm-100 ppm has an effect on sulfate reducing process. But
the last injection, sulfide recovery was not presented because too much available zinc
in the reactor would inhibit sulfate reducing bacteria and all of the recovered sulfide
must be used to precipitate the available zinc in the reactor.

Am . - = e e 1 A PRSP ‘ 1 injection
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10n - —7?— 3 injection
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1 80 o
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Figure 4.30 Concentration of zinc during 60 minutes after injection synthesized
wastewater for every injection.
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Figure 4.31 Concentration of zinc from the 10t minute to the 60th minute after
injection synthesized wastewater for 1% injection to 7thinjection.

Table 4.2 Sulfide recovery and amount of Zn in the 10thand the 60th minutes
Injection 2 Znat2dhrs,  Znat 10 nat6d  Addzinc

recovery After ~ minutes after - minutes after ~ (mg)
for 24hrs.injection injection (mg) injection

(mg) (mg) (mg)
1 6 0.36 - 0.35 20
2 10 0.26 0.87 0.38 40
3 10 0.28 0.93 0.40 40
4 10 0.56 0.84 0.73 40
) 10 0.18 0.86 0.57 40
6 20 091 1.64 1.22 100
! 24 1.04 2.12 161 100
8 40 30 484 38.00 200
9 0 50 704 57.80 200
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Table 4.3 The % of sulfide recovery and % of Zn removal at the 10thminutes, the 60th
minutes and 24 hrs.

Injection % Zrecovery  %ofZn % of Zn % ofZn
for 24hrs. removal at  removalat .o removal at 60
24hrs. After - minutes after — minutes after
Injection Injection Injection
1 100 99.81 - 99.74
2 100 99.34 98.67 99.56
3 100 99.29 97.91 99.23
4 100 98.60 98.64 98.92
5 100 99.54 99.25 99.97
6 76.92 99.09 98.83 99.25
I 100 98.96 98.79 99.32
8 90 85.08 76.32 81.52
9 0 78.26 69.39 1487

4.3.3 Environmental Condition

4331 ORP

The ORP was quite stable. It changed in narrow range -155mV to -125mV. In
Figure 4.32, ORP keeps their level lower than -I00mV to establish anaerobic
condition. Until the 34th day and the 35t day, the ORP was increased very fast. It
showed that the failure of the anaerobic condition would happen. From figure 4.30,
the reactor failed after the 9thinjection.
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Figure 4.32 Oxidation reduction potential during operation reactors.
4.3.3.2 Volatile fatty acid/Alkalinity ratio

The VFAJAlk ratio showed the status of anaerobic system. Figure 4.33
showed that VFA/AIK was lower than 0.8 on the 14 day to the 33rd day. But VFA/Alk
value was higher than 0.8 (1.1) on the 35t day. It showed the failure of the anaerobic
system.(Saipanich, 1987)
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Figure 4.33 VFA/Alk ratio in completely mixed anaerobic reactor every 2 days.
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4.3.3.3 Alkalinity

Alkalinity was observed every 2 days. In figure 4.34, on the 1% day, it showed
that alkalinity value was not high. For the first 5 days, alkalinity would increased. The

increased alkalinity on the 3rd day to the 5t day showed sulfate reducing bacteria
produced bicarbonate in the reactor.

4H2+50£ +H+  -*HS'+4HD
CHsCOO0- + S04 us'+ 2HCCV

After the Sthday alkalinity was stable (changes in narrow range). Until the 31¢
day, alkalinity dropped lower than 85 mg/L It showed that sulfate reducing bacteria
was inhibited. And SRB cannot produced bicarbonate equal to the previous time.

0 2 46 8 1012 141%%161%%9) 22 24 26 28 30 32 34 36

Figure 4.34 Alkalinity in completely mixed anaerobic reactor every 2 days.
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4.3.3.4 Volatile Fatty Acids

Volatile fatty acid was observed every 2 days. In figure 4.35, it showed on the
15 day VFA value did not high. The large increased VFA on the 3rdday showed that
acidogenic bacteria started to produce a lot of organic acid in the reactor. After the 3
day VFA was decreased and become stable (changes in narrow range) after the 5t
day. From 31 day, VFA was increased by accumulation of the organic acid. It
showed that sulfate reducing bacteria was inhibited; reaction cannot be preceded as
SRB cannot work as usual due to high level of Zn as in Figure 4.35
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Figure 4.35 VFA in completely mixed anaerobic reactor every 2 days.

43.3.5 pH

The pH during the 9thday to 33rd day was quite stable. It changes very narrow
range 7.00 to 7.28. But on the 34thday and the 35thpH dropped to lower than 7.00.
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Figure 4.36 The pH during operation reactors

4.3.3.6 Temperature

The temperature in the reactor was dependant on ambient temperature. Figure
4.37 showed that the temperatures in the reactor were changed in the range between
25 and 35 degree Celsius which were suitable for the mesospheric bacteria growth
(hetween 25-35 °C)(Saipanich, 1987).
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Figure 4.37 Temperature during operation reactor
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4.3.3.7 Mixed Liquor Suspended Solid (MLSS)

From figure 4.38, the MLSS were changed in narrow range. It changed
between 17,000 mg. and 28,000 mg. The average of MLSS was 21,611 mg./I . It
showed the MLSS 21,611 mg./l can treated zinc 743 mg.
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Figure 4.38 Mixed Liquor Suspended Solid during operation reactor
4.3.3.8 Total kjeldahl nitrogen

Total kjedahl nitrogen in completely mixed anaerobic reactor was changed in
narrow range (89 mg./I. to 137.2 mg./l.).

Measurement of total kjedahl nitrogen was performed to assess nutrient
availability in the completely mixed anaerobic reactor, and showed the sufficient of
nutrient to the completely mixed anaerobic reactor. The results of analyses were
expressed in mg/L of nitrogen and were presented in Figure 4.39, with corresponding
data included in Table B-4 of Appendix B.
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Figure 4.39 TKN in completely mixed anaerobic reactor every 2 days.
4.4 Gas production analysis
Daily gas volumes produced from completely mixed anaerobic reactor was
shown in Figure 4.40 (Table D-I in Appendix D). The daily gas volumes were

continuously generated from the 1¢ day to the 35t day. The gas production rate
changed with narrow range (Iml/day-2mi/day).
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Figure 4.40 Daily gas productions in completely-mixed anaerobic reactors.
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45 Mass balance

The total sulfur in the reactor was divided into 2 parts, dissolved sulfur and
precipitated sulfur. To add the synthesized wastewater was also to add sulfate into the
reactor (SO4 inZnSOzt). But the residual sulfide precipitated with zinc immediately.
The amount of sulfide used for complete zinc precipitation was equal to the amount of
sulfate added into the reactor together with zinc. The sulfur mass balance showed in
table 4.4

Table 4.4 Sulfur mass balance

~ Before injection ~ Afterinjection Accumulated
.. Sulfide Sulfate AddSOs Sulfide Sulfate” Precipitated  Precipitated
Inection  (mg.) (mg)  (mg) (mg) (mg) sulfide (mg.) Sulfide (mg.)
First 16 6 10

12 10 10 10
second 104 18 20 104 18 20 30
third 104 18 20 104 18 20 50
forth 104 18 20 104 18 20 10
fifth 104 18 20 104 18 20 90
sixth 104 18 50 88 34 50 140
seventh 88 34 50 88 34 50 190
eighth 88 34 100 80 58 84 214

ninth 80 58 100 0 142 96 370
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The zinc in the reactor was injected and removed as shown in table 4.5. The
removed zinc was precipitated with sulfide completely. From table 4.5, total of zinc
removal was 371.54 ppm in 2 liters reactor. It means 743.11 mg of zinc was
precipitated with sulfide. From table 4.6, total of sulfide removed was 185 ppm in 2
liters reactor. It means 370 mg of sulfide was removed. The entire removed sulfide
was used for zinc precipitation. The amount of zinc precipitated by removed sulfide
was 751.56 mg. But from the experiment, zinc was removed 743.11 mg. It could be
calculated that the efficiency of zinc precipitation by sulfide is 98.87%.

The zinc was usually precipitate to ZnS in the reactor, because ZnS was easy
to precipitate than Zn(HS)2 as showed by pK value.

[n2t+HS'9 Zn(HS}+  pK=-65 (1)
N2+ 2HS<>Zn(HS)2  pK=140  (2)
ZnS(s) ) Znx+ 2 pK=-247 (3

The Zn(OH)2 can not present in the reactor. The reactors were operate under
pH 710 7.2, Zn(OH)2 can present only pH over 8.5.

Table 4.5 Zinc mass balance

Residual before ~ Residual after ~ Removed _

injection Injection injection Zinc % ofzinc

mg) ) my) ) remo
First 0.3 20 0.08 20.22 99.60
Second 0.7 40 0.26 40.44 99.36
Third 0.15 40 0.28 39.87 99.30
Forth 0.30 40 0.56 39.74 98.61
Fifth 0.56 40 0.18 40.38 99.55
Sixth 0.46 100 0.9 99.56 99.10
Seventh 0.90 100 1.04 99.86 98.97
Eighth 1.04 200 30 171.04 85.52

Ninth 30 200 38 192.00 83.48
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