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Fermentative Hydrogen Production from the Pretreated
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Chemical/Ultra-Sonication
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ABSTRACT

Acid and alkali pretreatments were applied to tofu processing waste (TPW) to increase the solubility
of ingredients in TPW. Pretreatment at 1.0% of HCI and 2.5% of NaOH condition resulted in the increase
of SCOD concentration from 3.2 g COD/L to 27 g COD/L and 33 g COD/L, respectively. The acid and
alkali-pretreated TPW was studied for its fermentative H, production capacity in batch mode using a
thermophillic mixed culture. Alkali pretreatment on presence of 2.5% NaOH exhibited more soluble portion
released compared to acid pretreatment using HCI, however the H, production from acid pretreated TPW
was better than alkali-pretreated TPW probably due to the sodium inhibition on microbial activity. In addition,
sewage sludge was externally added to the acid-pretreated (1.0% HCI) TPW by 20% (on volume basis).
Average H2 production rate was increased from 31 to 78 ml/L-broth/hr, and it was attributed to the high
buffer capacity and abundant nutrients especially divalent cation in sewage sludge.

KEY WORDS : Hydrogen(<=4), Anaerobic fermentation(% 7|2 &), Tofu-processing waste(H] <]), Pre-treatment
(A 2]), Sewage sludge(3H<2A])
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Table 1 Characteristics of the diluted tofu processing waste
used in this study

Unit (mg/L)
pH 5.5
Solid Carbohydrate
Total 43,012 Total 39,672
Volatile 41,265 Soluble 1,197
COD Nitrogen
Total 65,310 Total 2,063
Soluble 3,175 Soluble 185.3
ato] 3 490nmel sl FE=E Ao
EFRAE LEGS o Sk FuLjoby A
9 COD &= 47| E(Humas. Co., Ltd, Korea)&
Agst. S04 242 99 35 02um

W oz o3} T Aminex HPX-87H(BioRad,
USA) Z#o] #A2t¥l HPLC (Model VP, Shimadzu
Co., Japan)2 Akt 542 UV detectors
o]-gato] 3 216nmel thal AP AL, o] &7
10mM 2Hrto] AL-8-% STt Flow rate™ 0.6ml/min,
AL 30CAA A=At
AL serum bottle 2] head space 7}~

gas—tight microsyringe® 100071% 5} gas chrof
matograpy(Shimazu 14-B)Z £2413}53t}. Molecular
sieve 5A(Supelco Inc.)& S EAZ ALE38l9 L
thermal conductivity detector(TCD)& 418} o).
F27ks A 98 GC 218 column &% 80T,
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Mo
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ME
©

oF 75~77%1L, & ﬁ}%, %ﬂ 4, 2}
14%, 6% 3% EAgth F 13 =(total solid,
TS)E& &= 34 T oF 43~45%= 23 9 A&
AR FHRH 729 & CODE oF 65%°]A]
Tk olF 03%7F 7183 e, F erstEe
4991 Bt 0.1%%ke] 7183} HtH(Table 1). 3|4
H FRAE Aty dlels Wrlete 7hes

wow dEe Ad Hwor A3}
sttt 854 3FehA Aka @ 7-#K(soluble chemical
oxygen demand, SCOD) &4 Z3} wjz} st & o),
Bz 715 NaOHE 05~5% H715+99S )
Zdﬂﬂlo}x] e Alsel vl 7H8-8k8(SCOD/TCOD)
o] 40~58% =718t SCOD7} o) 38¢/L 7HA] &
713k e.(Table 2) soluble carbohydrate®™= 7 #}2]
el 1.2g/Lell A 5% NaOH 2] % 32g/L7HA] 5
7¥sh ot
Jeu F SR F Rk oF 40g/L]] A
& ApAel Hlshd 7He-sh g&o] v W] wiiel
A A7t o) RbH A 2 7] Eol
HCIE 05~5% #7kete] A 8 74, 7Hs&2

injector 2% 100°C, detector &= 120Co|t}. carrier )
_ 13~41% 2 Z7}sk 2 SCOD7) Hf 27g/Lel
7h2aiz of 20 2 flow rate 60ml/ming frA18HATH o ] H6 Ao 1] _
th NaOHE A2l & 49+ Agsd nl#ste]
Table 2 Effect of NaOH/HCI pretreatment of tofu-processing waste on soluble chemical oxygen demand
) NaOH (%) HCI (%)
Parameters Unit
0.5 1.0 2.5 5.0 0.5 1.0 2.5 5.0
pH 9.66 10.9 12.62 13 2.94 1.92 1.18 0.85
Soluble COD mg/l | 25,839 27,180 33,455 38,024 8,650 26,995 23,789 20,871
Soluble carbohydrate mg/l 2,447 2,309 2,589 3,214 2,682 3,164 4,636 7,191
Soluble nitrogen mg/l 1,314 1,465 1,521 1,764 308 1,250 1,225 775
Solubility (SCOD/TCOD) | % 40 42 51 58 13 41 36 32
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Fig. 1 Effect of ultra-sonication to the 2.5% NaOH(a)/1% HCI
(b)-pretreated tofu-processing waste on soluble chemical oxygen
demand (SCOD).
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Fig. 2 Effect of HCl or NaOH pre-treatment combined with
ultra-sonication on Chemical oxygen demand (COD) solubility
(sonication was performed for 5min at the power 10watts to
the 40 g tofu-processing waste).
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Table 3 Changes of sewage sludge composition after chemical treatments

Control NaOH HCI
Chemical reagent added (%)
0 1.0 25 50 1.0
pH 7.93 12.94 13.32 13.44 0.84
CoD
Total (mg/L) 17,933
Soluble (mg/L) 384.18 364635 | 41305 | 324105 |
Carbohydrate
Total (mg/L) 1632
Soluble (mg/L) 4383 356 | mer | s [ 7w
Nitrogen
Total (mg/L) 887.8
Soluble (mg/L) 390.5 406.7 401.7 399.5 357
Solid
Total (g/L) 21.43 3778 75.5 119.08 29.81
Volatile (g/L) 10.38 13.37 24.65 38.17 17.13
SCOD - SCOD,
Solubilization (%) TCOD-SCoD, 0 1839 213 1628
SCOD/TCOD 2.14 20.33 23.03 18.07
E3tato] Frdgol A&k & A5 SRS 20%(v/v)E ¥al 60Col
A pH 558 frAlste] @71 g FALS ALt
3212 X1t XNel Ak A TS FARANORE ASH FHUE
strE A 2k €F NaOHE 25% A28 atr<
Ao 2595 71stE 24 SCOD 2 Br3tE 5 35 800 - 8000
7V2 =43 A3 Fig. 339 #o] §24 g43tE . Z - 6000
Z7F= 10 watt(20kHz), 5min A8 #S Wl st4< v Y ; y | eon 000
A4 A OmgLEie TmglE k3o = T & a1 |
oh4131, SCODE o 3} F7hatsiel. in1.f W s )3
25% AW AL 424 UrsEe s 5 | N
mg/LZHE 453mg/LE ZF7bsha, SCODE oF 12 ¢ ©
W) bk Ao o] AssdA A4S 28 -
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g AP 27180 2 4IPS 74 IR T ws ”
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Fig. 3 Effect of ultra-sonication pre-treatment to sewage sludge
pre-treated withor without 2.5% NaOH.
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Fig. 4 Change of pH, NH;+-N, hydrogen production rate (HPR),
partial pressure of reactor head space and the amount of hydro-
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