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Anaerobic biogasif ication of NaOH-treated corn stalk

Luo Qingming, Li Xiujin , ZhuBaoning, Yang Dongyan, LilLaiqing
(D gparment o Envirormental Engineering, B eijing U niversity o Chemical Technology, B eijing 100029, China)

Abstract: NaOH pretreatmentw as anployed in order to mprove anaerobic biodegradability and biogas yield of corn stalk

Corn stalk was first treated for 30 days at anbient tenperature by sodium hydroxide (NaOH), NaH amount added w as
8% of dry matter of corn stalk The untreated and NaOH-treated corn stalks were then anaerobically digested at
mewphilic tanperature (35 ) in batch reactors For each corn stalk, four loading rates of 35, 50, 65 and 80 gA were
used The results showed that NaOH pretreatment oould significantly mprove the biodegradability of corn stalk and
increase biogas yield The total biogas yield of N a@H-treated corn stalk w as increased by 13 1%, 39 8%, 48 3%, and
47 8% over the untreated one for the loading ratesof 35, 50, 65and 80 g/, repectively The loading ratesof 35 and 65
gA achieved the highest biogas yield per gran of TS(total lid) loaded, for untreated and NaH-treated corn stalk
regectively. The contentsand dry matter of main compositionsof the corn stalk w ere changed significantly through N 2OH
pretreatment, gpproximate 1/2 2/3 of lignin, cellulose, and hemicellulose decomposed were converted into readily
biodegradable soluble compounds The biogas yield per gram of TS and V S(volatile slid) loaded for N @OH -treated stalk
were increased by 13 1% 48 3% and 23 0% 61 3%, reectively, as comparedw ith the untreated one T he average
biogas yield per gram of V S reducedw as the same for both untreated and N @O H-treated corn stalk, but not for the average
biogas yield per gran of TS reduced The results provided useful information for large-scale anaerobic digestion of corn
stalk for production of renew able bioenergy and reduction of pollution associated w ith corn stalk
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oould be converted to biogas using anaerobic digestion

technology. A naerobic digestion has been widely

China isone of the largest agricultural countries in applied for organicw aste conversion into biogas, such
the world with Q 7 billion tons of crop stalks being as animal and human excrement, nevertheless, very
generated annually. Corn isoneof major cropsmainly ~ fey attanpts have been made to investigate the
planted in northern China, and approximate Q 1  potential of using corn stalk to produce biogas The
billion tonsof corn stalk isproduced yearly. A lthough  main reason is that corn stalk contains high percentage
there are a fev methods available for corn stalk  of Jignocellulose, which is hard to be biodegraded by
digposal and reutilization such as animal feed, c00king  gnaerobic bacteria, resulting in lower digestion rate
and house heating, and papermaking, quite a large
anount of corn stalk is still burnt in open field
currently, causing serious probleans such as air
pollution, fire disaster, and adverse mpact on air
craft and traffic safety. Therefore, it is mperative to
find environrmentally friendly alternatives for corn

0 Introduction

and biogas yield Pretreatment prior to anaerobic
digestion is believed to be one of effective methods to
improve oorn stalk digestion efficiency and biogas
yield The microstructure and chamical compositions
of lignocellulose in corn stalk would be changed
obviously after chamical pretreatment, making corn

stalk utilization and pollution reduction . .
P stalk more accessible and biodegradable to the

Corn stalk isone kind of organic materials, w hich i ) . , ) , .
anaerobic microorganisn and increasing digestion

efficiency and biogas yield There are various
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oould be increased by 50% after pretreated by N a&OH
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and anmonia W iloon and Chandra et al ©**

that NaOH pretreatment
digestibility of wheat strav and coarse roughages
considerably. W aiss® found that aqueous ammonia

pretreatment mproved digestibility of stravs for
| 1o

reported

oould increase the

runinant feed Yang et a
study on the effect of different types of chamnicals on
biogas yield of corn stalk, and found that N&OH was

conducted preliminary

the best one
focused on improving the feed value other than
biogasification efficiency of
chamical treatment

The purposeof this study is to investigate the effect
of NaDH pretreatment on
efficiency and biogas yield of corn stalk and detem ine

It seemed that most research in the past

crop waste through

anaerobic digestion

optimal loading rate for effective anaerobic conversion
of corn stalk into biogas

2 M aterialsandM ethods

2 1 Expermental setup

The experimental setup for
comprised of three parts an Erlenmeyer flask of 2L,
a jarof 1L , and abeaker of 1L, which functioned as
anaerobic digester, recorder and
receiver for the water discharged from the recorder,

this study was

biogas volume

regpectively. A ll Erlenmeyer flasks were placed in
shakersw ith tamperature controlled as required The
biogas generated in the digester was introduced into
the headgace of the jar by a rubber pipe and pressed
thew ater in the jar into the receiver.
the discharged water represented biogas production
generated in the digester.
and untreated corn stalk was put into the Erlenmeyer
flask with a working volume of 1 5L

The volume of
Certain anount of treated

in order to
obtain dry matter of four loading rates of 35, 50, 65
and 80 g/, regpectively. A coording to the research
results from Gap'”!, anaerobic digester operated at
mesphilic temperature could achieve higher biogas
yield,
operated at mesphilic temperature of 35 . All
shakerswere kept at the sane constant geed of 120
r/min
2 2 Materials

Corn stalk used in this research w as collected from
Tong District of Beijing The corn stalk was first

therefore, all flasks in the shakers were

chopped and then ground into particlesw ith a desired
size(Q 1mm) through a hanmermill Certain anount
then the
lution was added to the ground corn stalk in a
container.  Thew eight of Na@OH addedw as 8% of corn
stalk on dry matter basis The ground corn stalk was

of Na&OH was dexlved into tap water,

mixed w ith the slution completely in the container,
then corn stalk of 500 g was placed into each beaker
Finally, all the prepared
beakers were covered with plastic films and closed
w ith rubber bands, then placed in a chanber for 30

with a volume of 1 L.

days By the end of the chemical treatment, the
N aOH-treated corn stalk was analyzed for main
compositions The untreated corn stalk contained dry
matter (DM ) of 94 3% and the volatile slid was
76 0% of total oolid The correponding values for
N &OH-treated corn stalk were 97 6%, and 69 9%,
regectively. The digester w as seeded w ith the sludge
taken from a mewophilic anaerobic digester in
Gaobeidian W astev ater Treatment Plant of Beijing
The sludge contains 21879 mgA TS, 10435 mg/A
VS, and 20695 mgA sugpended wolids The
concentration of mixed liquor sugpended lid in each
digester was adjusted to 15000 mgA , which was
chosen based on the research result from Zhang'®.
The original carbon-to-nitrogen ratio (CAN) of corn
stalk isabout 75, © 25mg- g ‘(NH4CI dry matter)
w as added to adjust the C/AN ratio of themixed liquor
to 25, which w as believed to be optimal for anaerobic
bacteria grow th
2 3 Sampling and analyzing methods

The daily biogas production for each anaerobic
digester the corresponding
cunulative biogas production was calculated The
initial and finalDM , TS, andV S in the digesters that
included both corn stalk and anaerobic sludge were

was recorded and

measured A Il analysesw ere performed according to
AHPA "L

3 Reaultsand discussion

3 1 Biogas production of untreated corn stalk

The daily biogas production of untreated corn stalk
is shown in Fig 1 Similar trends of daily biogas
production were found for the four loading rates
Biogas started to be generated after seeding, and kept
increase until peak value reached Biogas production
experienced several snall peaks before finally ceased
How ever, the peak value of biogasproduction and the
time of peak value-reaching were different for each
loading rate The biogas production reached its peak
value of 1470mL on 9" day for the loading rate of 35
g/, while 1700mL on the 19" day, 1310mL on the
22" day, 1040mL on the 35" day for the loading rate
of 50, 65, and 80 g/, regpectively. It could be seen
that the time of peak value-reachingw as lagged as the
loading rate increased This indicated that it took
longer time for anaerobic microorganisn to adapt to
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the environrment w ith more organic matter. T he daily
biogas production fluctuated considerably for all the
loading rates, as indicated by several gnaller peaks
agppeared The reaon for thisphenomenon isnot clear
and needs to be further investigated

2000
|

Loading rate/g -1

production/ml -d

Duily biogas

L 6 1116 21 26 31 36 41 46 51 56 61 686 71 76

Time/d
Fig 1 Daily biogasproduction of untreated corn stalk

The cumulative biogas production of untreated corn
stalk for the four loading ratesis shown in Fig 2 The
cumulative biogas production for lower loading rates
(35 and 50 g/ ) were relatively higher in the early
stage, but becane lower in the later stage, due to the
lack of available organic matter. For the higher
loading rates (65 and 80 g/ ), the reactors started to
generate biogas later than those with lower loading
rates in the early stage, but kept steady increase in the
later time Thefinal cumulative biogasproductionw as
17590, 21015, 26010, 26260mL for the loading rates
of 35, 50, 65 and 80 g/, repectively. The loading
rate of 80 g/ achieved highest biogas yield, but it
does not mean that this loading rate is the best one
since the biogas yield of the loading rate would be
low er if based on per gran dry matter loaded This

w ill be discussed in detail in follow ing section 3 3

Fig 2 Cumulative biogas production of untreated corn stalk

3 2 Biogas production of NaOH-treated corn stalk
The daily biogas production of NaOH -treated corn

stalk is shown in Fig 3 Itwasfound that the trend of

daily biogas production of Na&OH-treated corn stalk
was very similar to that of untreated one for all the
loading rates T he biogas production reached its peak
value of 1265mL on 6" day for the loading rate of 35
g/L , while 2000mL on 10" day, 1800mL on 14" day,
1990mL on 26" day for the loading rateof 50, 65, and
80 g/L, repectively. For the loading rate of 35, 50,
65, and 80 g/, the time of peak value-reaching for

N a&H-treated corn stalk were 3, 9, 8, and 9 days
earlier than that of untreated one, regectively. It
took gpproximate 40 60 days for N @OH-treated corn
stalk to aimost complete anaerobic digestion (Fig 4),
w hile 60 75 days for untreated one (Fig 2), which
was 15 20 days later than the former. This mplies
that the biodigestibility of NaH-treated corn stalk
was improved by chanical pretreatment, making it
easier to be used by anaerobicmicroorganisn and thus
less time being needed for digestion T his finding has
significant econom ical benefit since shorter tmewould
low er the costsof both operation and management

roduction /1

vie hit

Cumulag

Fig 4 Cumulative biogas production of
N &H-treated corn stalk

Besides the benefits mentioned above, N aOH-
treated corn stalk achieved higher biogasproduction as
compared w ith untreated one The cumulative biogas
production of NaOH-treated corn stalk is shown in
Fig 4 It could be seen that the trend of cumulative
biogas production of N&H-treated corn stalk was
very similar to that of untreated one The cumulative
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biogas production for lower loading rates (35 and 50
g/ ) was relatively higher in the early stage, but did
not increase obviously in the later stage, due to the
lack of available organicmater. For the higher loading
rates (65 and 80 g/ ), the reactors started to generate
biogas later than those w ith lower loading rates, but
kept steady increase after that The final cumulative
biogas productionw as 19890, 29380, 38585 and 38820
mL for the loading rates of 35, 50, 65 and 80 gA_,
regectively, an increase of 13 1%, 39 8%, 48 3%,
and 47. 8% over untreated one, indicating that N &OH

pretreatment ocould significantly mprove the
biodegradability of corn stalk and increase biogas
yield

3 3 Canparisonsof expermental results

Themain results from the digestion experiments of
untreated and Na&aH-treated oorn stalks
summarized in Table 1, o that comparisons could be

are

made in order to investigate the effectivenessof N aOH
pretreatment

A s compared with untreated corn stalk, NaOH-
treated one increased total biogas yield by 13 1%

reduction by 15 3% 23 8%, and 34 0% 65 1%,
regectively, indicating that N&OH pretreatment w as
capable of mproving the digestibility and thus
increasing the biogas yield of corn stalk significantly.
The biogasyieldsbased on the TSandV S loadedw ere
increased by 13 1% 48 3%, and 23 0% 61 3%,
regpectively. The average biogas yields based on the
TS and V S reduced for untreated and N &@H -treated
corn stalkswere 728 5 and 826 5mL /gT S reduced,
1098 4 and 1120 6 mL /gv S reduced, respectively.
This result showed that biogas production would be
the same if the sane anount of V Sw as digested, but
not if the sane anount of TSwas digested, mplying
the important mpact of VS digestion on biogas
production

For untreated and NaOH-treated corn stalk, the
loading rates of 35 and 65 g/ achieved the highest
biogas yield per gram TS loaded regectively. In other
words, one gran of TS could produce themost biogas
at the wo loading rates, therefore, the two loading
ratesw ere believed to be the best for the digestion of
untreated and N a8OH-treated corn stalk regectively

48 3%, oorrepondingly, increased TS and VS and thus recomm ended
Tablel Camparisonsof exper mental results
total biogas yield TS reduction V'S reduction biogas yield biogas yield biogas yield biogas yield
LRa o P P TS loaded V'S loaded TS reduced V'S reduced
y ) L % % /L. gt /mL- gt /L. gt /L. g !
g L d
Ch Ch Ch Ch Ch
b c
Ut Nt % Ut Nt i % Ut Nt /i % Ut Nt /i % Ut Nt /i % Ut Nt Ut Nt
35 17590 19890 131 366 422 153 332 445 340 3350 3788 131 4408 5420 230 9153 8981 1327 7 1218 4
50 21015 29380 39 8 393 459 168 349 483 384 2802 3917 398 3687 5604 520 7125 8540 1055 6 1161 1
65 26010 38585 48 3 390 4833 238 315 520 651 2668 3957 483 3510 5662 613 6846 8199 1115 3 1089 5
80 26260 38820 478 364 440 209 322 456 416 2188 3235 478 2879 4628 607 6016 7341 8949 1013 3

a—L oading rate b—U ntreated corn stalk; c—N &H -treated corn stalk; d—Change rate

3 4 Changesof main compositions

The microstructure and chanical compositions of
the corn stalk w ere changed during N &@OH pretreatm -
ent process The changes resulted from the complex
physical and chemical roles of NaOH. The analyses
were made to further investigate the reasons why
biogas yield w as mproved after chemical pretreatme-
nt The analyzing results of the main compositional

contents and dry matter losses are shown in Table 2
Table 2 Changes of main canpositional contents

after NaOH pretreatment %
lignin  cellulose hen i TC TN P K DM
cellulose loss
rav corn stalk 6 9 43 6 27 8 417 12 Q12 187
NOH-treated )y 594 435 311 13 Qo7 133
oorn stalk
reducton by, 6 35 576 254 -83 417 289
content/%
reduction
bw DM /% 532 469 666 413 147 541 440 213

A fter NeOH pretreatment, the contents of lignin,
cellulose, and hemicellulose w ere reduced by 40 6%,
32 6%, and 57 6%, corregponding
reduction of dry matter was 53 2%, 46 9%,
66 6%, regectively, show ing the significant effect of
NaH on main compositions TC, TN, P, and K
contentsw ere changed considerably too
that total dry matter losswas 21 3%, approxmate

regectively,
and

It was found
1/2 2/3 less than the lossesof lignin, cellulose, and

66 6%), implying that 1/2
2/3 of lignin, cellulose, and hem icellulo se decompo sed

hanicellulose (46 9%

w as actually converted into some matters else rather
than be really lost A Ithough detailed analysisw as not
it was believed that the
matters ought to be mainly luble compounds The

conducted in this study,

oluble compounds coming from the decomposition of
corn stalk are usually some matters with low

molecular weight and thus more easily used by
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anaerobic microorganisn. This is one of the main
reaons for the mprovenment of biodegradability and
biogas production after NaDH
pretreatment A nother main reason is the broken-
dow n of lignocellulosematrix due to the chanical role,

increase  of

leading to the change of microstructure of cellw all and
making compositions more accessible to anaerobic
m icroorganisn.

4 Conclusions

N aOH pretreatment could significantly improve the
biodegradability and increase biogas yield of corn
stalk The total biogas yield of N a&H-treated corn
stalk was increased by 13 1%, 39 8%, 48 3%, and
47 8% over untreated one for the loading rates of 35,
50, 65 and 80 g/, regpectively For untreated and
N aH-treated corn stalk, the loading rates of 35 and
65 g/ achieved the highest biogas yield per gram of
TS loaded were recommended to be optimal for
anaerobic digestion of untreated and N &H -treated
corn stalk regectively.

After NaOH pretreatment,
matter of main compositions of corn stalk were
changed significantly, approximate 1/2  2/3 of
lignin, cellulose, and heamicellulose decomposed w ere

the content and dry

converted into luble compounds, which contributed
to the mprovement of biodegradability of corn stalk
and the increase of biogasproduction Comparedw ith
untreated stalk, the biogasyieldsbased on the TS and
V S loaded for NaH-treated one were increased by
13 1% 48 3%, and 23 0%
indicating that NaOH pretreatment did mprove the
digestion efficiency. The biogas production would be
the same if the sane anount of V Sw as digested, but
not if the same anount of TSwas digested, therefore,

61 3%, regectively,

N e&OH

V S digestion had more significant mpact on biogas
production than TS
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