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Abstract: N aOH p retreatm en t w as emp loyed in o rder to imp rove anaerob ic b iodegradab ility and b iogas yield of co rn stalk.

Co rn stalk w as first t reated fo r 30 days at am b ien t temperatu re by sodium hydrox ide (N aOH ) , N aOH amoun t added w as

8% of dry m atter of co rn stalk. T he un treated and N aOH 2t reated co rn stalk s w ere then anaerob ically digested at

m esoph ilic temperatu re (35℃) in batch reacto rs. Fo r each co rn stalk, fou r loading rates of 35, 50, 65 and 80 göL w ere

used. T he resu lts show ed that N aOH p retreatm en t cou ld sign ifican tly imp rove the b iodegradab ility of co rn stalk and

increase b iogas yield. T he to tal b iogas yield of N aOH 2t reated co rn stalk w as increased by 13. 1% , 39. 8% , 48. 3% , and

47. 8% over the un treated one fo r the loading rates of 35, 50, 65 and 80 göL , respect ively. T he loading rates of 35 and 65

göL ach ieved the h ighest b iogas yield per gram of T S ( to tal so lid) loaded, fo r un treated and N aOH 2t reated co rn stalk

respect ively. T he con ten ts and dry m atter of m ain compo sit ions of the co rn stalk w ere changed sign ifican tly th rough N aOH

p retreatm en t, app rox im ate 1ö2～ 2ö3 of lign in, cellu lo se, and hem icellu lo se decompo sed w ere converted in to readily

b iodegradab le so lub le compounds. T he b iogas yield per gram of T S and V S (vo lat ile so lid) loaded fo r N aOH 2t reated stalk

w ere increased by 13. 1%～ 48. 3% and 23. 0%～ 61. 3% , respect ively, as compared w ith the un treated one. T he average

b iogas yield per gram of V S reduced w as the sam e fo r bo th un treated and N aOH 2t reated co rn stalk, bu t no t fo r the average

b iogas yield per gram of T S reduced. T he resu lts p rovided usefu l info rm ation fo r large2scale anaerob ic digest ion of co rn

stalk fo r p roduction of renew ab le b ioenergy and reduction of po llu t ion associated w ith co rn stalk.
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0　 In troduction

　Ch ina is one of the la rgest agricu ltu ra l coun tries in

the w o rld w ith 0. 7 b illion ton s of crop sta lk s being

genera ted annually. Co rn is one of m ajo r crop s m ain ly

p lan ted in no rthern Ch ina, and app rox im ate 0. 1

b illion ton s of co rn sta lk is p roduced yearly. A lthough

there are a few m ethods ava ilab le fo r co rn sta lk

d ispo sa l and reu t iliza t ion such as an im al feed, cook ing

and hou se hea t ing, and paper2m ak ing, qu ite a la rge

am oun t of co rn sta lk is st ill bu rn t in open field

cu rren t ly, cau sing seriou s p rob lem s such as a ir

po llu t ion, f ire d isaster, and adverse im pact on a ir

craft and traff ic safety. T herefo re, it is im pera t ive to

find environm en ta lly friend ly a lterna t ives fo r co rn

sta lk u t iliza t ion and po llu t ion reduct ion.

　Co rn sta lk is one k ind of o rgan ic m ateria ls, w h ich

cou ld be converted to b iogas u sing anaerob ic d igest ion

techno logy. A naerob ic d igest ion has been w idely

app lied fo r o rgan ic w aste conversion in to b iogas, such

as an im al and hum an excrem en t, nevertheless, very

few at tem p ts have been m ade to invest iga te the

po ten t ia l of u sing co rn sta lk to p roduce b iogas. T he

m ain reason is tha t co rn sta lk con ta in s h igh percen tage

of lignocellu lo se, w h ich is hard to be b iodegraded by

anaerob ic bacteria, resu lt ing in low er d igest ion ra te

and b iogas yield. P retrea tm en t p rio r to anaerob ic

d igest ion is believed to be one of effect ive m ethods to

im p rove co rn sta lk d igest ion efficiency and b iogas

yield. T he m icro structu re and chem ica l com po sit ion s

of lignocellu lo se in co rn sta lk w ou ld be changed

obviou sly after chem ica l p retrea tm en t, m ak ing co rn

sta lk m o re accessib le and b iodegradab le to the

anaerob ic m icroo rgan ism and increasing digest ion

efficiency and b iogas yield. T here are variou s

p retrea tm en t m ethods, such as size reduct ion, steam

exp lo sion, fungi b iodegrada t ion, amm on ifica t ion,

u rea and alka line trea tm en t. M u ller [ 1 ] tested tw en ty2
tw o basid iom ycetes, and found tha t P. f lo rida w as the

m o st effect ive fungu s fo r im p roving b iogas yield of

w heat st raw. Co lleran [ 2 ] sta ted tha t the b iogas yield

cou ld be increased by 50% after p retrea ted by N aOH
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and amm on ia. W ilson and Chandra et a l. [ 3, 4 ] repo rted

tha t N aOH p retrea tm en t cou ld increase the

d igest ib ility of w heat st raw and coarse roughages

con siderab ly. W aiss[ 5 ] found tha t aqueou s amm on ia

p retrea tm en t im p roved digest ib ility of st raw s fo r

rum inan t feed. Yang et a l. [ 6 ] conducted p relim inary

study on the effect of d ifferen t types of chem ica ls on

b iogas yield of co rn sta lk, and found tha t N aOH w as

the best one. It seem ed tha t m o st research in the past

focu sed on im p roving the feed value o ther than

b iogasif ica t ion efficiency of crop w aste th rough

chem ica l t rea tm en t.

　T he pu rpo se of th is study is to invest iga te the effect

of N aOH p retrea tm en t on anaerob ic d igest ion

efficiency and b iogas yield of co rn sta lk and determ ine

op t im al load ing ra te fo r effect ive anaerob ic conversion

of co rn sta lk in to b iogas.

2　M a ter ia ls and M ethods

2. 1　Exper im en ta l setup

　 T he experim en ta l setup fo r th is study w as

com p rised of th ree parts: an E rlenm eyer flask of 2 L ,

a ja r of 1 L , and a beaker of 1 L , w h ich funct ioned as

anaerob ic d igester, b iogas vo lum e reco rder and

receiver fo r the w ater d ischarged from the reco rder,

respect ively. A ll E rlenm eyer flask s w ere p laced in

shakers w ith tem pera tu re con tro lled as requ ired. T he

b iogas genera ted in the d igester w as in troduced in to

the headspace of the ja r by a rubber p ipe and p ressed

the w ater in the ja r in to the receiver. T he vo lum e of

the d ischarged w ater rep resen ted b iogas p roduct ion

genera ted in the d igester. Certa in am oun t of t rea ted

and un trea ted co rn sta lk w as pu t in to the E rlenm eyer

flask w ith a w o rk ing vo lum e of 1. 5 L in o rder to

ob ta in dry m atter of fou r load ing ra tes of 35, 50, 65

and 80 göL , respect ively. A cco rd ing to the research

resu lts from Gao [ 7 ] , anaerob ic d igester opera ted a t

m esoph ilic tem pera tu re cou ld ach ieve h igher b iogas

yield, therefo re, a ll f lask s in the shakers w ere

opera ted a t m esoph ilic tem pera tu re of 35℃. A ll

shakers w ere kep t a t the sam e con stan t speed of 120

röm in.

2. 2　M a ter ia ls

　Co rn sta lk u sed in th is research w as co llected from

Tong D istrict of Beijing. T he co rn sta lk w as first

chopped and then ground in to part icles w ith a desired

size (0. 1 mm ) th rough a hamm er m ill. Certa in am oun t

of N aOH w as deso lved in to tap w ater, then the

so lu t ion w as added to the ground co rn sta lk in a

con ta iner. T he w eigh t of N aOH added w as 8% of co rn

sta lk on dry m atter basis. T he ground co rn sta lk w as

m ixed w ith the so lu t ion com p letely in the con ta iner,

then co rn sta lk of 500 g w as p laced in to each beaker

w ith a vo lum e of 1 L. F ina lly, a ll the p repared

beakers w ere covered w ith p last ic f ilm s and clo sed

w ith rubber bands, then p laced in a cham ber fo r 30

days. By the end of the chem ica l t rea tm en t, the

N aOH 2t rea ted co rn sta lk w as ana lyzed fo r m ain

com po sit ion s. T he un trea ted co rn sta lk con ta ined dry

m atter (DM ) of 94. 3% and the vo la t ile so lid w as

76. 0% of to ta l so lid. T he co rresponding values fo r

N aOH 2t rea ted co rn sta lk w ere 97. 6% , and 69. 9% ,

respect ively. T he digester w as seeded w ith the sludge

taken from a m esoph ilic anaerob ic d igester in

Gaobeid ian W astew ater T rea tm en t P lan t of Beijing.

T he sludge con ta in s 21879 m göL T S, 10435 m göL
V S, and 20695 m göL su spended so lids. T he

concen tra t ion of m ixed liquo r su spended so lid in each

digester w as ad ju sted to 15000 m göL , w h ich w as

cho sen based on the research resu lt from Zhang [ 8 ].

T he o rig ina l carbon2to2n it rogen ra t io (CöN ) of co rn

sta lk is abou t 75, so 25 m g·g- 1 (N H 4C l dry m atter)

w as added to ad ju st the CöN rat io of the m ixed liquo r

to 25, w h ich w as believed to be op t im al fo r anaerob ic

bacteria grow th.

2. 3　Sam pl ing and ana lyz ing m ethods

　 T he daily b iogas p roduct ion fo r each anaerob ic

d igester w as reco rded and the co rresponding

cum u la t ive b iogas p roduct ion w as ca lcu la ted. T he

in it ia l and fina l DM , T S, and V S in the d igesters tha t

included bo th co rn sta lk and anaerob ic sludge w ere

m easu red. A ll ana lyses w ere perfo rm ed acco rd ing to

A H PA [ 9 ].

3　Results and d iscuss ion

3. 1　B ioga s production of un trea ted corn sta lk

　T he daily b iogas p roduct ion of un trea ted co rn sta lk

is show n in F ig. 1. Sim ila r t rends of da ily b iogas

p roduct ion w ere found fo r the fou r load ing ra tes.

B iogas sta rted to be genera ted after seed ing, and kep t

increase un t il peak value reached. B iogas p roduct ion

experienced severa l sm all peak s befo re fina lly ceased.

How ever, the peak value of b iogas p roduct ion and the

t im e of peak value2reach ing w ere d ifferen t fo r each

load ing ra te. T he b iogas p roduct ion reached its peak

value of 1470 mL on 9 th day fo r the load ing ra te of 35

göL , w h ile 1700 mL on the 19th day, 1310 mL on the

22th day, 1040 mL on the 35th day fo r the load ing ra te

of 50, 65, and 80 göL , respect ively. It cou ld be seen

tha t the t im e of peak value2reach ing w as lagged as the

load ing ra te increased. T h is ind ica ted tha t it took

longer t im e fo r anaerob ic m icroo rgan ism to adap t to
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the environm en t w ith m o re o rgan ic m atter. T he daily

b iogas p roduct ion fluctua ted con siderab ly fo r a ll the

load ing ra tes, as ind ica ted by severa l sm aller peak s

appeared. T he reason fo r th is phenom enon is no t clear

and needs to be fu rther invest iga ted.

F ig. 1　D aily b iogas p roduction of un treated co rn stalk

　T he cum u la t ive b iogas p roduct ion of un trea ted co rn

sta lk fo r the fou r load ing ra tes is show n in F ig. 2. T he

cum u la t ive b iogas p roduct ion fo r low er load ing ra tes

(35 and 50 göL ) w ere rela t ively h igher in the early

stage, bu t becam e low er in the la ter stage, due to the

lack of ava ilab le o rgan ic m atter. Fo r the h igher

load ing ra tes (65 and 80 göL ) , the reacto rs sta rted to

genera te b iogas la ter than tho se w ith low er load ing

ra tes in the early stage, bu t kep t steady increase in the

la ter t im e. T he fina l cum u la t ive b iogas p roduct ion w as

17590, 21015, 26010, 26260 mL fo r the load ing ra tes

of 35, 50, 65 and 80 göL , respect ively. T he load ing

ra te of 80 göL ach ieved h ighest b iogas yield, bu t it

does no t m ean tha t th is load ing ra te is the best one

since the b iogas yield of the load ing ra te w ou ld be

low er if based on per gram dry m atter loaded. T h is

w ill be d iscu ssed in deta il in fo llow ing sect ion 3. 3.

F ig. 2　Cum ulat ive b iogas p roduction of un treated co rn stalk

3. 2　B ioga s production of NaOH- trea ted corn sta lk

　T he daily b iogas p roduct ion of N aOH 2t rea ted co rn

sta lk is show n in F ig. 3. It w as found tha t the trend of

da ily b iogas p roduct ion of N aOH 2t rea ted co rn sta lk

w as very sim ila r to tha t of un trea ted one fo r a ll the

load ing ra tes. T he b iogas p roduct ion reached its peak

value of 1265 mL on 6 th day fo r the load ing ra te of 35

göL , w h ile 2000 mL on 10th day, 1800 mL on 14th day,

1990 mL on 26th day fo r the load ing ra te of 50, 65, and

80 göL , respect ively. Fo r the load ing ra te of 35, 50,

65, and 80 göL , the t im e of peak value2reach ing fo r

N aOH 2t rea ted co rn sta lk w ere 3, 9, 8, and 9 days

earlier than tha t of un trea ted one, respect ively. It

took app rox im ate 40～ 60 days fo r N aOH 2t rea ted co rn

sta lk to a lm o st com p lete anaerob ic d igest ion (F ig. 4) ,

w h ile 60～ 75 days fo r un trea ted one (F ig. 2) , w h ich

w as 15～ 20 days la ter than the fo rm er. T h is im p lies

tha t the b iod igest ib ility of N aOH 2t rea ted co rn sta lk

w as im p roved by chem ica l p retrea tm en t, m ak ing it

easier to be u sed by anaerob ic m icroo rgan ism and thu s

less t im e being needed fo r d igest ion. T h is find ing has

sign if ican t econom ica l benefit since sho rter t im e w ou ld

low er the co sts of bo th opera t ion and m anagem en t.

F ig. 3　D aily b iogas p roduction of N aOH 2t reated co rn stalk

F ig. 4　Cum ulat ive b iogas p roduction of

N aOH 2t reated co rn stalk

　 Besides the benefits m en t ioned above, N aOH 2
t rea ted co rn sta lk ach ieved h igher b iogas p roduct ion as

com pared w ith un trea ted one. T he cum u la t ive b iogas

p roduct ion of N aOH 2t rea ted co rn sta lk is show n in

F ig. 4. It cou ld be seen tha t the trend of cum u la t ive

b iogas p roduct ion of N aOH 2t rea ted co rn sta lk w as

very sim ila r to tha t of un trea ted one. T he cum u la t ive
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b iogas p roduct ion fo r low er load ing ra tes (35 and 50

göL ) w as rela t ively h igher in the early stage, bu t d id

no t increase obviou sly in the la ter stage, due to the

lack of ava ilab le o rgan ic m ater. Fo r the h igher load ing

ra tes (65 and 80 göL ) , the reacto rs sta rted to genera te

b iogas la ter than tho se w ith low er load ing ra tes, bu t

kep t steady increase after tha t. T he fina l cum u la t ive

b iogas p roduct ion w as 19890, 29380, 38585 and 38820

mL fo r the load ing ra tes of 35, 50, 65 and 80 göL ,

respect ively, an increase of 13. 1% , 39. 8% , 48. 3% ,

and 47. 8% over un trea ted one, ind ica t ing tha t N aOH

p retrea tm en t cou ld sign if ican t ly im p rove the

b iodegradab ility of co rn sta lk and increase b iogas

yield.

3. 3　Com par ison s of exper im en ta l results

　T he m ain resu lts from the digest ion experim en ts of

un trea ted and N aOH 2t rea ted co rn sta lk s are

summ arized in T ab le 1, so tha t com parison s cou ld be

m ade in o rder to invest iga te the effect iveness of N aOH

p retrea tm en t.

　A s com pared w ith un trea ted co rn sta lk, N aOH 2
t rea ted one increased to ta l b iogas yield by 13. 1%～

48. 3% , co rresponding ly, increased T S and V S

reduct ion by 15. 3%～ 23. 8% , and 34. 0%～ 65. 1% ,

respect ively, ind ica t ing tha t N aOH p retrea tm en t w as

capab le of im p roving the d igest ib ility and thu s

increasing the b iogas yield of co rn sta lk sign if ican t ly.

T he b iogas yields based on the T S and V S loaded w ere

increased by 13. 1%～ 48. 3% , and 23. 0%～ 61. 3% ,

respect ively. T he average b iogas yields based on the

T S and V S reduced fo r un trea ted and N aOH 2t rea ted

co rn sta lk s w ere 728. 5 and 826. 5 mL ögT S reduced,

1098. 4 and 1120. 6 mL ögV S reduced, respect ively.

T h is resu lt show ed tha t b iogas p roduct ion w ou ld be

the sam e if the sam e am oun t of V S w as digested, bu t

no t if the sam e am oun t of T S w as digested, im p lying

the im po rtan t im pact of V S digest ion on b iogas

p roduct ion.

　 Fo r un trea ted and N aOH 2t rea ted co rn sta lk, the

load ing ra tes of 35 and 65 göL ach ieved the h ighest

b iogas yield per gram T S loaded respect ively. In o ther

w o rds, one gram of T S cou ld p roduce the m o st b iogas

a t the tw o load ing ra tes, therefo re, the tw o load ing

ra tes w ere believed to be the best fo r the d igest ion of

un trea ted and N aOH 2t rea ted co rn sta lk respect ively

and thu s recomm ended.

Table 1　Com par ison s of exper im en ta l results

L R a

ög·L - 1

to tal b iogas yield

ömL

U tb N tc
Ch. d

ö+ %

TS reduction

ö%

U t N t
Ch.

ö+ %

V S reduction

ö%

U t N t
Ch.

ö+ %

biogas yield
TS loaded
ömL ·g- 1

U t N t
Ch.

ö+ %

biogas yield
V S loaded
ömL ·g- 1

U t N t
Ch.

ö+ %

biogas yield
TS reduced
ömL ·g- 1

U t N t

b iogas yield
V S reduced
ömL ·g- 1

U t N t

35 17590 19890 13. 1 36. 6 42. 2 15. 3 33. 2 44. 5 34. 0 335. 0 378. 8 13. 1 440. 8 542. 0 23. 0 915. 3 898. 1 1327. 7 1218. 4

50 21015 29380 39. 8 39. 3 45. 9 16. 8 34. 9 48. 3 38. 4 280. 2 391. 7 39. 8 368. 7 560. 4 52. 0 712. 5 854. 0 1055. 6 1161. 1

65 26010 38585 48. 3 39. 0 48. 3 23. 8 31. 5 52. 0 65. 1 266. 8 395. 7 48. 3 351. 0 566. 2 61. 3 684. 6 819. 9 1115. 3 1089. 5

80 26260 38820 47. 8 36. 4 44. 0 20. 9 32. 2 45. 6 41. 6 218. 8 323. 5 47. 8 287. 9 462. 8 60. 7 601. 6 734. 1 894. 9 1013. 3

　a—L oading rate; b—U ntreated co rn stalk; c—N aOH 2treated co rn stalk; d—Change rate.

3. 4　Changes of ma in com posit ion s

　 T he m icro structu re and chem ica l com po sit ion s of

the co rn sta lk w ere changed du ring N aOH p retrea tm 2
en t p rocess. T he changes resu lted from the com p lex

physica l and chem ica l ro les of N aOH. T he analyses

w ere m ade to fu rther invest iga te the reason s w hy

b iogas yield w as im p roved after chem ica l p retrea tm e2
n t. T he analyzing resu lts of the m ain com po sit iona l

con ten ts and dry m atter lo sses are show n in T ab le 2.

Table 2　Changes of ma in com positiona l con ten ts

af ter NaOH pretrea tm en t %

lign in cellu lo se
hem i2

cellu lo se
TC TN P K

DM
lo ss

raw co rn stalk 6. 9 43. 6 27. 8 41. 7 1. 2 0. 12 1. 87

N aOH 2treated
co rn stalk

4. 1 29. 4 11. 8 31. 1 1. 3 0. 07 1. 33

reduction by
conten tö%

40. 6 32. 6 57. 6 25. 4 - 8. 3 41. 7 28. 9

reduction
by DM ö%

53. 2 46. 9 66. 6 41. 3 14. 7 54. 1 44. 0 21. 3

　A fter N aOH p retrea tm en t, the con ten ts of lign in,

cellu lo se, and hem icellu lo se w ere reduced by 40. 6% ,

32. 6% , and 57. 6% , respect ively, co rresponding

reduct ion of dry m atter w as 53. 2% , 46. 9% , and

66. 6% , respect ively, show ing the sign if ican t effect of

N aOH on m ain com po sit ion s. TC, TN , P, and K

con ten ts w ere changed con siderab ly too. It w as found

tha t to ta l d ry m atter lo ss w as 21. 3% , app rox im ate

1ö2～ 2ö3 less than the lo sses of lign in, cellu lo se, and

hem icellu lo se (46. 9%～ 66. 6% ) , im p lying tha t 1ö2～

2ö3 of lign in, cellu lo se, and hem icellu lo se decom po sed

w as actua lly converted in to som e m atters else ra ther

than be rea lly lo st. A lthough deta iled ana lysis w as no t

conducted in th is study, it w as believed tha t the

m atters ough t to be m ain ly so lub le com pounds. T he

so lub le com pounds com ing from the decom po sit ion of

co rn sta lk are u sua lly som e m atters w ith low

m o lecu lar w eigh t and thu s m o re easily u sed by
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anaerob ic m icroo rgan ism. T h is is one of the m ain

reason s fo r the im p rovem en t of b iodegradab ility and

increase of b iogas p roduct ion after N aOH

p retrea tm en t. A no ther m ain reason is the b roken2
dow n of lignocellu lo se m atrix due to the chem ica l ro le,

lead ing to the change of m icro structu re of cellw all and

m ak ing com po sit ion s m o re accessib le to anaerob ic

m icroo rgan ism.

4　Conclusion s

　N aOH p retrea tm en t cou ld sign if ican t ly im p rove the

b iodegradab ility and increase b iogas yield of co rn

sta lk. T he to ta l b iogas yield of N aOH 2t rea ted co rn

sta lk w as increased by 13. 1% , 39. 8% , 48. 3% , and

47. 8% over un trea ted one fo r the load ing ra tes of 35,

50, 65 and 80 göL , respect ively. Fo r un trea ted and

N aOH 2t rea ted co rn sta lk, the load ing ra tes of 35 and

65 göL ach ieved the h ighest b iogas yield per gram of

T S loaded w ere recomm ended to be op t im al fo r

anaerob ic d igest ion of un trea ted and N aOH 2t rea ted

co rn sta lk respect ively.

　A fter N aOH p retrea tm en t, the con ten t and dry

m atter of m ain com po sit ion s of co rn sta lk w ere

changed sign if ican t ly, app rox im ate 1ö2 ～ 2ö3 of

lign in, cellu lo se, and hem icellu lo se decom po sed w ere

converted in to so lub le com pounds, w h ich con tribu ted

to the im p rovem en t of b iodegradab ility of co rn sta lk

and the increase of b iogas p roduct ion. Com pared w ith

un trea ted sta lk, the b iogas yields based on the T S and

V S loaded fo r N aOH 2t rea ted one w ere increased by

13. 1%～ 48. 3% , and 23. 0%～ 61. 3% , respect ively,

ind ica t ing tha t N aOH p retrea tm en t d id im p rove the

d igest ion efficiency. T he b iogas p roduct ion w ou ld be

the sam e if the sam e am oun t of V S w as digested, bu t

no t if the sam e am oun t of T S w as digested, therefo re,

V S digest ion had m o re sign if ican t im pact on b iogas

p roduct ion than T S.
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N aO H 处理玉米秸秆厌氧生物气化试验研究

罗庆明, 李秀金※, 朱保宁, 杨懂艳, 李来庆
(北京化工大学环境工程系, 北京 100029)

摘　要: 提出通过N aOH 化学处理以改善玉米秸秆的可生物消化性能、提高玉米秸秆厌氧消化产气量的方法。N aOH 添加量为玉米秸

秆干物质的 8%。对未处理和经N aOH 处理的玉米秸秆进行了厌氧消化对比试验研究, 厌氧消化负荷率为 35, 50, 65 和 80 göL。分析

并比较了两者在不同负荷率下的日产气量、累积产气量、单位 T S 和V S 产气量等。结果显示, 与未处理玉米秸相比,N aOH 处理过的玉

米秸的干物质消化率和产气量明显提高, 在 35, 50, 65, 80 göL 负荷率下, 产气量分别提高了 13. 1% , 39. 8% , 48. 3%和 47. 8% , 单位

T S、V S 的产气率分别提高了 13. 1%～ 48. 3%、23%～ 61. 3% ; 两种玉米秸分别在 35 和 65 göL 负荷率下获得了最高单位 T S 产气量。

N aOH 化学处理使玉米秸细胞壁结构和化学成分发生了明显的变化, 分别有 53. 2%、46. 9% 和 66. 6% 的木质素、纤维素和半纤维素被

分解, 其中 1ö2～ 2ö3 被转化成了易被厌氧菌利用的可溶性物质, 这是产气量提高的主要原因之一。研究结果对提高玉米秸的产气效

率、实现大规模应用具有重要指导意义。
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