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ABSTRACT

This special project studied factors affecting hydrogen production from synthetic wastewater
using an anacrobic system operated in & batch mode. Factors being studied pH-and C:N ratio. In the
beginning of the experiment, MLSS concentration was enriched by addtion of sludge being collected
from UASB system into-synthetic Wastewater at. pH 5.5 with SRT of 10-days. Reactor volume was 3
litres. The reactor was operated until steady state reached. Characterization of synthetic wastewater
(Influent) and treated water'(effluent) was analyzed at various time.Analyzed parameters were MLSS,
pH, alkanity, VEA;5FOC and gas.volume. Effect of pH on-hydrogen_production was studied by
varying pH of synthetic wastewater from\3.5-to44.5, 5.5 and 6.5, respectively. pH studies were
conducted in 120 mL serum bottle with MLSS concentration ‘of approximately 1,500 mg/L. Serum
bottles were incubated at room ‘temperature for 4 days..Gas.composition in the headspace was
analyzed after fermentation for 1day and 4 days. Characteristic of wastewater was analyzed after 4
days. Results showed that highest hydrogen production was occured at pH 5.5 while hydrogen
production was inhibited when pH of wastewater was less than 4.5.Effect of C:N ratio of wastewater
on hydrogen production was studied by varying C:N ratio of synthetic wastewater from 40 to50 and
60, respectively. Study of C:N ratio hydrogen production were conducted in the same manner as pH
studies.Result showed that highest hydrogen production was occured at C:N ratio of 60,following by

C:N ratio of 50 and 40, respectively.
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MLSS RRLGR Mixed Liquor Suspended Solids
UASB HU0Da Upflow Anaerobic Sludge Blaket
VFA oD Volatile Fatty Acid

SRT HUBH
GC-MS
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1. mydmnzimSinanznougaunse (MLSS)
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2,
3.

mInaaad

L

¥

v . . o )
2052110 (evaporating dishes) H1d20nsziiinanesdin nseudmu'lv
9K (muffle furnace) AUAURMNUYL 1A 11929 500-600 °C

¥ ¥
1504904 18111 (water bath)
9 = SUC; 0
qo1 AR 1A% 1031105 °C
Toviuiid (desiccator)

A 4 A . @ W Y= ~ o \
1A NI ALLDUA (analytical balance) AAWATAFI IROINATON 4 H U
NAEA8Ns T GR/C-(glass fiber/filter) i PagUen e 2. 24y ufine s

4 4
Lﬂ%‘mﬂ‘iﬁ)ﬂu‘ﬁmﬂﬁ (Bucher funnel)
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A = WINUNUDINIZAIHATDILAL AT UUIUADE (UD.)

o

= WINUNUDINTZAIYNTD (un.)

a ¢ 1o dad == a = d
2. ﬂ1i?£ﬂi]¥ﬂﬂ1ﬂ1ﬂﬁﬂﬂﬁuu¢l (Alkalinity)-UasNTADUNIEITLITiEl
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Vv v
4. Inmsadledinimeauafieynd 3.3-3.5 Tao ludeseadSuasnsaildyulsuns
nasnniu ldduoudeatszuim 2-3 wil ivedluns lansamsueiinesn u)
5. USudieslhiiiu 4 drvasazavinasgiuTmdon lensonlad wadSunsaisazas

~ 9 ar 3 ]
wasgun I lums lnmsandudad 4-7

o o dad = a v H
mMamuImmmoantladilia (Alkalinity ) Yoot ainds (0.493CaCO,)

= 151 1,80, 114 lumsUsuafiowdlu 4 * (N ..) * 50,000

Y
1Suuvesinfuaiegna

o a d @ 1 oAl
ﬂ]‘jﬂ1u3mﬂ1ﬂ§'ﬂi’)uﬂ§ﬂ‘5$mﬂ (Volatile Fatty Acid) UB4AIDENIHUNE (HN. VDI CH,COOH)

= 15370 NaoH-hlFIumsd§uafieyoTna e * Ny * 50,000
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VOYaANINAAD

MARNUIN A

v

gl = =i ¥ L7
1. Ni\‘ll'ﬂﬁﬂﬁlWNﬂSﬂﬂHQEIHTﬁ%ﬂHENHNﬂ

1.1 Y3mnanronznougdunsdluszun (MLSS)

Usimsii | imiinnsga | dmiinnszeny SIEFRERETEN]
Suii g&‘ﬁ f70819 NIDINDUDY NIDINAIDU aznoud
(mL) (® (2) Iao (g)
220,50 | 1 20 1149.2302 49,2633 10.0331
? 20 497320 49 7667 0.0342
3 20 49.3587 49.3899 0.0312
25 3.7/50 1 20 370947 373271 0.0497
y) 20 39.2261 39,2770 0.0509
3 20 39:2420 392946 0.0526
29 1.1, 50 1 20 37.2756 37,3218 0.0462
2 20 39.2236 39,2612 0.0376
3 20 39.2452 392879 0.0427
2 W 50 1 20 37.2744 37.3219 0.0475
2 20 392397 39,2839 0.0442
3 20 39.2400 39,2828 0.0428
6 A.N. 50 1 20 37.2762 37.3081 0.0319
2 20 39:2252 39.2505 0.0353
3 20 39.2401 39.2738 0.0337
12 AN, 50 1 20 37.2800 37.3704 0.0405
2 20 39.2255 39.2669 0.0414
3 20 39.2415 39.2812 0.0397
17 AL, 50 1 20 37.2689 37.3143 0.0451
2 20 39.2181 39.2600 0.0419
3 20 39.2337 39.2769 0.0432
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1.1 Panannanzneugdunidluszun (MLSS) (49)

52

20 AN, 50 1 20 37.2769 37.3186 0.0417
2 20 39.2245 39.2415 0.037
3 20 39.2416 39.2811 0.0415
26 .. 50 1 20 49.2337 49.2679 0.0342
2 20 49.7331 49.7682 0.0351
3 20 49.3588 49.3945 0.0357
1.2 @0 IWAN (Alkalinity)
Yiinasnsadaniniild
e 2 b Vs s (mL)
U Az 187 ] v
AU (k) i 111999
| (Influent) (Effluent)
92 N.A.50 1 50 29,40 -
2 50 29.30 -
3 50 29.30 -
blank 50 0.1 .
25U, 50 1 50 282 19.5
2 50 282 19.5
3 50 28.2 19.5
blank 50 0.1 0.1
29 1.9, 50 1 50 30 23
% 50 30 23
3 50 30 23
blank 50 0.1 0.1
2 AN 50 1 50 352 20.2
2 50 32.2 20.2
3 50 32.2 20.2
blank 50 0.1 0.1




1.2 aWA (Alkalinity) (#@)

)
Jsum51h

YTinasnsadayinily

o 24 (mL)
Ui AN . v
A106719 (mL) Wt 1hoon
(Influent) (Effluent)

6 N.NW. 50 1 50 32.5 20.0
) 50 32.5 20.0

3 50 32.5 20.0

blank 50 0.1 0.1

12 NS0 1 50 32 26.0
2 50 32 26.0

3 50 32 26.0

blank 50 0.1 0.1

7 N.N50 1 50 322 20
2 50 3200 20

3 50 32,1 20

blank 50 0.1 0.1

20 1.W.50 1 50 35.6 1943
2 50 359 19.3

3 50 35.6 19.3

blank 50 0.4 0.1
26 N.N.50 1 50 334 20.0
2 50 333 20.0
3 50 333 20.0

blank 50 0.1 0.1
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1.3 NIADUNTESZINENIEY (VFA)

S5 Tamdon leason laa

oy v Ymasii 714 (mL)
Ui ATad . .
A10814 (mL) Hudh 11000
(Influent) (Effluent)
22 1.0.50 1 150 4.5 -
2 150 4.6 -
3 150 4.6 =
blatik 150 0.1 -
25 w9507 1 50 4350 60
, 50 4130 60
3 50 41.40 60
blank 50 0.1 0.1
2941.0. 50 1 150 4.6 i
2 150 | .
3 150 4 7
blank 150 01 0.1
2 W50 ] 50 144 130
2 50 [44.1 130
3 50 144.1 130
blank 50 0.1 0.1
6 N.W. 50 1 50 450 62.5
2 50 45.0 62.5
3 50 45.0 62.5
blank 50 0.1 0.1




1.3 NIADUNIHILNMENE (VFA) (7D)

~ 2 | YswwsTxmdvyleasenlod
Ysinasih e
s ol 2d | oy 71l (L)
uh GEATT I PLIN T v
Wdn weon
(mL)
(Influent) (Effluent)

12 1.N.50 1 50 45 98
2 50 45 98

3 50 45 98

blank 50 0.1 0.1

17 N.WS50 1 S0 40 90
2 50 40 90

3 50 40 90

blank 50 0.1 0.1

20:11.1.50 1 50 42.1 100
2 50 4211 100

3 50 42.1 100

blank 50 0.1 0.1

26 N.50 1 50 45 100
2 50 45 100

) S0 45 100

blank 50 0.1 0.1
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1.4 M150UN3E

¥
U

MU (TOC)

56

3’ P~ " d
HAAUTAUATIE TS LY

i "

RNTAR T REYRRIE)
”u“ﬁ ﬂﬁgﬁ‘ﬁ (mg/L) (mg/L)
Total carbon | Inorganic carbon | Total carbon | Inorganic carbon

22 1.9. 50 1 2,802 3.20 - -

2 2,756 2.88 & -

3 2,670 3.01 - -
254.9.50 1 2,789 sl 1254 2.65
2 3778 3,01 1,216 2.84
3 2,801 2197 1,214 3.33
29 1.1, 50 1 Y3l 2.89 1,754 2.64
2 2,758 3,22 1,685 2.73
3 2,780 277 1,716 .78
17 N.N. 50 1 2,775 233 1,023 2.46
2 2,698 2.72 1,14 2.82
3 2,782 g 1,094 2.66
20 N.N. 50 1 27698 8.21 e 2 B.11
2 2)714 2.68 1,360 2.69
3 2132 2,87 1,392 3433
26 N.N. 50 1 2,718 2:82 1,128 2.1
2 2,762 314 1,140 3.05
3 2,804 orid 1,252 2.44
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2. wavashiteyNNAedszansmumsnanmalsinsou

2.1 Smnannanznougdunss (MLSS)

R » | Wmidnnszanses | dminnizawnses | s .
- 2 2 | Yswwmsih , . 3 . Wminaznau (NFL)
Weos | aded | | fAleuay (NTN) M40 (NTY)
A79074 (1)
Y 7 T v H ) H
HUUT HIDDN TRISTRI HI99N U HIDDN
3.5 1 20 37.6807 49,2317 317221 49.2655 0.0414 0.0338
2 20 29.1988 39.6191 29.2396 39.6523 0.0408 0.0332
3 20 3976191 27.1955 39.6589 27.2276 0.0398 0.0321
4.5 1 20 319101 25.3200 31.9545 273570 0.0444 0.0370
2 20 2719804+ 27:3054 )P 272406 |, 27.3398%[%0.0420 0.0344
3 20 2.5 23] 37.6850 27.3645 27.3398 0.0430 0.0320
5.5 3 20 27.3054 31.7996 27.3500 31.8343 0.0446 0.0347
2 20 37.6800 31.4088 37,7220 /31,8459 0.0420 0.0371
3 20 27.9223 37.6800 279651 377150 0.0428 0.0350
6.5 1 20 31.7896 39:4110 318322 39.6520 0.0426 0.0410
v 20 31.8188 29.1988 31.8633 29,2397 0.0445 0.0409
3 20 37.6800 269387 37.7231 26.9800 0.0431 0.0413
Blank 1 20 37.6800 27:9220 377240 | 27.9500 0.0440 0.0280
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2.2 aMNAN (Alkalinity)

EY 1
P5uasih | USumsnsagaiasaiily

= u’: c’:i r 1
WIDY AIN M99 (wa.)
F 3
(a.) RV 100N
3.5 1 50 20.0 15.0
2 50 20.0 15.1
3 50 20.1 15.1
20.3
20.2
S ///4 ; N 20.2
~ 7, +  _—
/. L —3=8 sy — 9
— FZ N —
’ / » 7 ‘\ X & “‘ 2\\
/ ¥ 1 ) s \\ D 3 “NS
Ty
2 &)i ‘\:) 304
D AL N
b | A W) nia e ang Ogli
—— ,
= ?{/A \ SN L 30
Blan ‘1 1 0o

@&}y 3.7 >
5e v AN
YA nant

&2 = v o o v = = & 1 v o v 5% Y
nansiiluenarsnanulidmsumsldanuienisfinwwingu lueygalmhlulduselesiaunisn

lidnsdilagiadu dnvivnuiilvidaulasient wagdesdnadadadvesenasynasaninisualuly
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2.3 NIABUNIETTIMEIIY (VFA)

YSinas Twdonleason lad

=
WY

Ay
=

E
USuasii

A2080149 (8.)

714 (ua.)

Ed

W

Ed

11900

3.5

50

18.3

130.0

50

18.3

130.0

18.3

125.0

103.0

100.0

100.0

&2 = v o o v = = & ] v o v 5% Y
nansiiluenarsnanulidmsumsldanuienisfinwwingu lueygalmhlulduselesiaunism

lidnsdilagiadu dnvivnuiilvidaulasient wagdesdnadadadvesenasynasaninisualuly
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¥
s

2.4 M5OUNTENINUA (TOC)

vy g

uniidodunsieridszuy irumsiige
Aoy ﬂ%ﬂ“ﬁ (mg/L) (mg/L)
Total carbon | Inorganic carbon | Total carbon | Inorganic carbon
3.5 1 2,792 2.81 1,803 2.33
2 2,780 3.13 1,833 3.11
3 2,704 3.21 1,802 3.22
4.5 1 2,756 2.78 1,755 2.46
2 2,745 2.61 1,752 2.71
3 2,802 317 1,702 2.67
55 | 2,738 2101 1,620 3.20
2 2,756 276 1,636 ‘ 2.81
3 2,794 323 1,591 2:35
6.5 1 2,807 3.14 1,542 2.71
2 2,751 2.46 1,580 2.34
3 2,782 rat | 1,558 3.24
Blank 1 343 0:35 257 0.29
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Y ' 1 d 1 Aea a A a o
3. WAURIDANTIUTEHNIMIVaUAD IuIasuNNaeYssans mnmsuaamalslasou

3.1. FSmnannanzneugduns (MLSS)

Yawws | swilanszaminses shmidnnszay v .
ral 2. : 5 . . HIMUNAZNBU (NTN)
C:Nratio | A3IN | UIAI0E19 nous (N3N) NIDINEND (NTN)
(@) T AT I T | 2
wutn | Ween | W | Ween | W | dieen
40 1 20 37.1810 | 363737 | 37.2064 | 36.4168 | 0.0254 0.0331
2 20 39.6191 | 314176 | 39.6433 | 31.4596 | 0.0242 0.0420
3 20 273054 | 28.8015 | 273300 .28.8473 | 0.0246 0.0458
50 1 20 29:1825. 1.\, 36/8042 /| 29.2072 | 368467 | 0.0256 0.0425
2 20 373700 (| =26.9242= |1, 37.9850 | 26.9688 4, 10.0250 0.0446
3 20 31910151 739.2404 {13109349 | 7392820 | 0,0248 0.0416
60 1 20 STITOER > 31:5291 ~ BT 7952 -34.5690™0.0246 0.0408
2 20 310800 - 3zaoie (} G703l azaansd| 60233 0.0415
3 20 317800 | 399245 || 318080 | 392703 | 00250 0.0458
Blank 1 20 JULL258745, 11031135907 31,9289 31167917 00544 0.0320




3.2. AMWAN (Alkalinity)

Uswasi | Giasnsasafiagnily
C:N ratio %ﬁﬁ CRLEAN (Wa.)
@.) yiudh vheoen
40 1 50 27.5 -
2 50 27.4 )
3 50 274 :
50 ] 50 26.9 -
2 50 268 -
3 50 76.8 :
60 1 50 26.8 %
2 50 2618 -
3 50 368 ;
Blank \ 50 X e
3.3. NIAIUN IO NG (VEA)
5Hnn9r - s ume Taaon lgaTon
CN ratio N fa0809 T 19 ala)
3 v
(8 sl 100N
40 1 50 355 120
5 50 354 115
3 50 35.4 120
50 1 50 35.5 115
2 50 35.4 110
3 50 354 115
60 1 50 35.2 125
5 50 35.2 120
3 50 352 125
Blank 1 50 10.1 100
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a o d
3.4 M1IUNE

o
v

MNHUA (TOC)

63

N

¥y

unhidedunseiidiszoy Wrumsihiia
C:N ratio ﬂgﬁ‘ﬁ (mg/L) (mg/L)

Total carbon | Inorganic carbon | Total carbon | Inorganic carbon

40 1 2,663 3.31 1,455 2.32

2 2,649 2.31 1,460 2.45

3 2,654 3.21 1,414 2,73

50 1 3,308 ey 1,792 273

2 3,300 2.21 1,749 2.83

3 3357 241 1,704 3.01

60 1 3,992 =14 1,860 3.03

2 4,009 249 2,000 2:33

3 3,913 2499 15990 3.23

Blank 1 343 0.35 257 0.29
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