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Muc dich cua nghien ciru nham xac dinh dirge dieu kien thich hgp cho qua trinh phan huy ykva khi sinh biogas 
nguon phu pham la dira. Cac thi nghiem dirge thirc hien if quy mo phong thi nghiem trong binh 1 lit, qua trinh phan 
hiiy yem khi d dieu kien am vdi nhiet do duy tri STil^C. Cac yeu to anh hudng dSn hieu qua sinh khi biogas nhir 
nguon vi sinh vat (VSV), ty le cacbon so vdi nito" cung nhir tai trong hiru ca da dugc nghien ciru. Ket qua cho thay, 
nguon phu pham la dii-a co the sinh khi metan dat nang suat 410±7,5 ml/gCOD sau 28 ngay bang nguon VSV tii' be 
biogas ciia Thanh Hoa, tai trong huu cff la 15 gCOD/1/ngay vdi ty le dinh du&ng COD/TN la 70:1, hieu qua xir ly COD 
dat 69,5±4,7%. 

Tu khoa: khi sinh hoc, phan hiiy yem khi raesophilic, phu pham la dua, tai trong huu err, ty le cacbon vdi nitg. 

Chi so phdn loai: 1.5 

DAtuande 

Dira la m6t loai qua tham ngon, giau dinh dudng va la 
dac san cua Viet Nam Nhu cau tieu thu diia tiroi va cac 
san pham che bien tir dua kh6ng ngimg tang d thi truong 
trong nudc ciing nhu xuat khau. Dieu nay d6ng nghTa vdi 
viec hang nam cd mot lupng khong Id phu pham la dua sau 
thu hoach thai ra moi trudng, da va dang gay rat nhieu kho 
khan cho ngudi ndng dan. Hien nay, de xir ly I ha la dira 
ngudi n6ng dan phai t6n 4-5 trieu d6ng de thue may bam 
nho va cay xdi. La diia sau khi bam nh6 duac thai ra ngay 
tren canh dong de phan huy tu nhien, gay min h6i th6i, lam 
6 nhilm m6i trudng. Dong thai, nham giam thdi gian xir 
ly va nhanh chong c6 dien tich canh tac vu mdi, ngudi dan 
phun thuoc diet co cho la dira nhanh nd de ddt, da gay anh 
hudng nghiem trgng den m6i trudng va sire kh6e con ngudi. 
Viec tim ra giai phap phii hop de xir ly ngudn phu pham nay 
dang !a nhu cau cap bach de phat trien ben vung cay dira, 
ciing nhu dam bao sue khoe cho ngudi dan va giam thieu 6 
nhilm m6i trudng. Cho den nay da co mot so nghien cuu thu 
h6i xenlulozo tir la diia de san xuat vai [1], tuy nhien do hieu 
qua kinh te chua cao nen giai phap nay van chua duac trien 
khai irng dung. 

Tren the gidi, da co nhieu nghien ciru tap trung vao kha 
nang phan buy yem khi phu pham diia ciia cac nha may che 
biSn [2-4], hoac phoi trdn ba dira vdi bot giay ciing mot 
s6 vd cua cac loai qua khac, hoac ket hop phu pham dua 
vdi phan bo. Nham tang nang suat sinh klii trong qua trinh 

phan huy yem khi phu pham dua, Gopinathan va cong su 
da b6 sung 2% ure. Ket qua nghien cuu cho thay, nang suat 
sinh khi tang them 19% [2]. Trong cac c6ng trinh trudc, tac 
gia cGng da xac dinh dup'c tiem nang sinh biogas ciia phu 
pham v6 va loi dira kha cao, vdi dieu kien ngudn VSV Ui 
be biogas Thanh Hoa, ty le dinh dudng C/N la 30; tai trgng 
nguyen heu nap la 10 gVS/1 dat nang suat sinh khi biogas 
477±15,1 ml biogas/gVS (60-66% CHJ, hieu qua xu ly COD 
len den 92,3477±3,5%. Mac dii, cong nghe biogas da xu ly 
hieu qua ngu6n phu pham diia sau che hien (nhu v6, loi va 
ha ep), nhung viec irng dung cong nghe nay de xii ly phu 
pham la dira sau thu hoach cdn mdi va hau nhu chua dugc 
cong b6 tren bat ky cong trinh nao. La dua co ham iugng 
dinh dudng kha cao, chira khoang 6-7% dudng va 19-20% 
protein (tinh theo phan kh6), thich hgp cho qua trinh phan 
hiiy ky khi sinh biogas [2-4]. Tuy nhien, la dira vdi ham 
lugng xenluloza tuong d6i Idn (chiem den 55-60% tinh 
theo phan kh6) lai la mot thach thiic rat !dn de ap dung c6ng 
nghe biogas de xir ly. De tang tinh kha thi cho cong nghe 
nay, viec tang nang suat, chat lugng san pham khi biogas va 
giam thdi gian xii' ly nliam giam the tich be chua la rat can 
thiet. Qua trinh phan hiiy yem khi xay ra vdi su tham gia 
cda nhieu nhom VSV khac nhau va hieu qua xir ly hi anh 
hudng bdi cac yeu td nhu dieu kien ky khi, loai VSV, pH 
ciia mdi trudng, ty le dinh dudng, tai trpng nguyen lieu nap 
vao be, ddc t6... [5-7]. Trong nghien ciiu nay, chiing t6i da 
tien hanh lira chpn nguon VSV boat tinh sinh metan (CH )̂ 
tir cac be biogas dang hoat dong nham tim dugc ngu6n 
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Abstract: 

The objective of this research was to find the optimum 
conditions for maximal biogas production from 
pineapple leaves using the anaerobic digestion method. 
The experiments were performed in one-litre bottles 
at the lab-scale; the mesophilic anaerobic digestion 
process took place at the constant temperature STil^C. 
The factor that alfected the biogas production efficiency 
such as type of microorganism, carbon to nitrogen ratio, 
as well as organic load were investigated. The results 
showed that pineapple leaves could generate methane 
with the productivity of 4I0±7.5 ml/gCOD after 28 days 
with the following conditions the microorganism source 
from the Thanh Hoa biogas tank, the organic load of 15 
gCOD/1/day at the COD/TN ratio of 70:1, and the COD 
removal efficiency of 69.5±4.7%. 

Keywords: biogas, carbon to nitrogen ratio, mesophilic 
anerobic digestion, organic load, pineapple leaves. 

Classification number: 1.5 

VSV thich nghi nhat vdi co chat la diia. Ty le dinh dudng 
COD:N:P ciia nguyen lieu la mot chi tieu quan trgng de 
danh gia kha nang phan hiiy ciia chiing [8-10]. Vi khuan 
yem khi tieu thu cacbon nhieu han nito trong klioang 20-
40 lan tuy thupe vao tirng loai chat nen [11-13]. Theo ket 
qua phan tich tong C va t6ng N [14], la diia co ty le C/N la 
109, cao ban nhieu gia tri tdi uu. Vi vay, nghien cim da tien 
hanh digu chinh ty le COD/TN bang each b6 sung ngu6n 
nito tir ure. Tai trpng nguyen lieu nap (g COD/1) cung co 
anh hudng Idn den hieu qua hoat dgng ciia be phan huy yem 
khi. Ddi vdi mot be biogas vdi thdi gian luu xac dinh, toe do 
nap nguyen lieu cang cao thi nang suat sinh khi biogas cang 
Ion, tuy nhien hieu qua xir ly lai giam [6, 9,10]. Do vay, tim 
dugc dieu kien van hanh vira dat nang suat sinh khi idn vua 
dam bao hieu qua xu ly cao se la mot trong nhOng yeu to 
quyet djnh den kha nang irng dung cong nghe nay d quy md 
c6ng nghiep. Muc tieu ciia cong trinh nay la xac dinh dugc 
cac dieu kien thich hgp cho qua trinh phan huy ky khi phu 
pham la dira sinh biogas hieu qua. 

Vat lieu ua 

Nguyen lieu vd hoa chdt 

Phil pham la dua dugc lay tir N6ng trudng D6ng Giao, 
tinh Ninh Binh. Da co bd lay tir 16 m6 tai 75 Tarn Trinh, 
Hoang Mai, Ha Npi. Cac nguon VSV cho qua trinh phan 
buy ky khi dugc lay tai be biogas ciia Nha may si5a Thanh 
Hda, Nha may bia Viet Ha, pilot biogas ciia Trudng Dai hge 
Xay dimg, be biogas trang trai chan nuoi fao d Nghe An va 
trang trai chan nu6i Ion d Binh Phudc. Nguyen lieu va cac 
ngu6n VSV dugc su dung ngay hoac bao quan trong tu lanh 
d4''C. 

Hoa chat sii dung trong phan tich cac chi tieu' COD, 
ham lugng cac axit de bay hoi (VFA), t6ng nito TN, t6ng 
phospho TP (Merck). NaOH, KOH, KH,PO,, K^HPO ,̂ 
Na,CO. va NaHCO, (Trung Qu6c); ure (Vilt Nam).' 

Chuan bi he thi nghiem 

Chuan bi mdu: dich nguyen lieu la diia sau qua trinh 
thuy phan va axit hoa dugc su dung lam co chat cho qua 
trinh phan huy ky khi sinh biogas. Dieu chinh ty le dinh 
dudng COD/TN ciia nguyen lieu dat 70:1. Bd sung moi 
trudng dem bang h§n hgp KH,PO^ 0,07 g/l va K^HPO, 0,10 
g/l. Digu chinh pH 6,8-7,2 bang hon hgp Na^CO, 2 M va 
NaHCOj 2 M theo ty le 1:1. B6 sung biin hoat tinh tir bl 
biogas dang hoat ddng tdt vdi ty le the tich nguyen lieu: 
bim la 9:1. Moi thi nghiem tien hanh lap lai 3 lan. 

Mo liinh phdn hiiy ky kin: thi nghiem dugc tien hanh 
trong binh 1 i vdi dung tich hoat dpng 0,7 1. Tao mdi trudng 
ky khi bang khi N, va duy tri nhiet dp on dinh 37±1"C trong 
be dieu nhiet. Duy tri do ky khi ciia he vdi n6ng dp O^<0,5%. 
Mdi thi nghiem duac thuc hien lap lai 3 lan Man khi biogas 
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(A) (B) 

Hinh 1. (A) So- do nguyen ly; (B) Anh minh hoa mo hinh thi nghiem phan hiiy ky khi va thu khi biogas bang phuorig phap 
:6t nu'O'C. 1-Lg chu-a mlu phan huy y4m khi, 2-6ng d in khi bkng cao su; 3-Lp chua dung dich NaOH; 4-Lg chira nudc; 5-Ong 
Jong de do the tich nydc 

dugc luu gilt trong tiii mang thiec kh6ng tham khi Teslar. 

^ ^ d c dinh tong the tich lihi biogas: tdng luang khi biogas 
^m:ra dugc do theo phuong phap cot nudc (hinh 1), la t6ng 
^^tich khi biogas do dupc trong thi nghiem den khi he 
mn$ sinh khi. 

• Xdc dinh nang sudt sinh khi biogas- nang suat smh khi 
pbgas dugc tinh bang the tich klii biogas sinh ra cua mot 
dan vi khoi lugng COD ciia ca chat phu pham la dua ban 
dau dugc xir ly: ml biogas/g COD, ml CH^g COD. 

, Cdc phuvng phdp phdn tich 

" C O D dugc xac dmh theo tieu chuk APHA 5220D 
(APHA,1995). TN duoc xac dinh theo tieu chu^n Viet Nam: 
TCVN 6180:1996 TP dugc xac dmh theo tieu chuin Viet 
Nam: TCVN 6020:2008. VFA dupc xac dinh biing phuang 
phap dien di. Thanh phan ciia biogas dugc xac djnh bang thiet 
bi Biogas CM 100. pH dugc do bang may. Mat do VSV sinh 
metan (SMT) dupc chup bang kinh hien vi phat huynh quang. 

Hieu sudt xu ly COD dugc xac djnh theo cong thiic: 

H(COD), % = (COD,-COD^)/COD,*100%. 

Trong dd: COD, va COD^ la gia tn COD tai thdi dilm 
trudc va sau qua trinh len men ky khi. 

Sai sd dugc tinh theo phuang phap binh phuong t6i 
thieu 

K t̂ qua ua ihao luan 

Xdc (linh thdnh phdn co chdt Id dua 

K6t qua phan tich thanh phan co chdt la dica duoc dua ra 
trong bang I. 

Bang 1 Thanh phin hiru C(y cua phu pham la dipa. 

Chi tieu 

Dicli vao 

COD (mg/l) 

44 300 

TN (mg/l) 

412,5 

TP(ing/l) 

8i,3 

pH 

5,2 

VFA (g/l) 

21,4 

Tir kit qua bang 1 cho thay, pH ciia dich la dira kha thap 
(5,2), chua phil hpp cho su phat trien ciia VSV phan huyky 
khi sinh CH^ Do vay canbd sung dung djch dem d6 tang pH 
cua dich len khoang 6,8-7,5 tao diSu kien t6i uu cho VSV 
phat trien 

Til' kit qua phan tich co thi thdy, ty le COD:TN la 107:1, 
cao hon ty ie tdi uu 70 I. Do dd, viec b6 sung nguon nito la 
cin thilt. Dang chii y la ty le COD'TN cua ngu6n phu phSm 
la diia thap hon nhieu so vdi phu pham v6 va loi diia la 180 
[15], cho thay tiem nang xir ly la dira bang qua trinh phan hiiy 
ky khi sinh biogas. 

Nghien ciru lira chpn nguon VSV 

Chung t6i da tien hanh phan hiiy ky khi sinh CH^ su 
dimg ca chat dich la diia vdi cac nguon biin hoat tinh khac 
nhau. Kha nang thich nghi vdi co chat djch la diia cua cac 
nguon VSV dugc danh gia qua nang suat sinh khi biogas sau 
28 ngay, ket qua dugc chi ra tren hinh 2. 

Tir hinh 2 co the thay, ngu6n VSV tir Thanh Hoa cho 
nang suat sinh khi biogas cao nhat la 4,15 I, sau do den 
ngudn VSV tir Binh Phudc dat 3,72 1, ngu6n VSV tir Viet 
Ha va Nghe An co hieu qua gan tuong duong nhau, va thap 
nhdt la VSV tii pilot ciia Trudng Dai hoc Xay dung chi dat 
2,02 1, vdi thanh phan CH^ cua khi biogas trong khoang 
55-61%i. Nhu vay, ngudn VSV tir Thanh Hda the hien thich 
nghi nhat vdi ngudn co chat la diia. Ket qua tuong tir ddi vai 
ca chat v6 va loi diia [15]. 
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4,15 

1 2.54 
2,02 

1 
2,4f 

; 

3,72 

1 
Hinh 2. Nang suat sinh khi biogas cua la dCpa vdi cac nguon VSV 
khac nhau. 

Dong thdi, chiing tdi da tien hanh quan sat mat dp 

VSVSMT bang kinh hien vi huynh quang (hinh 3). Khi 

chieu anh sang huynh quang, VSVSMT co kha nang phat 

quang mau xanh, mat dp va kich thude vet sang ty le thuan 

vai mat do VSV [10]. 

Tir hinh 3 co the thay, sau 18 ngity phan hiiy co chat la 

dira, tat ca cac mau deu chira VSVSMT the hien bdi cac vet 

sang mau xanh tren anh. Trong dd, mau sir dung biin hoat 

tinh tir Thanh Hda quan sat thay mat do VSVSMT nhieu 

nhat, chung td chting thich nghi tot nhat vdi ngu6n phu 

pham la diia. Ket qua nay hoan toan phii hgp vdi gia tri tong 

the tich khi biogas do dugc. Nguon VSV tir be biogas ciia 

Nha may sira Thanh Hoa se duac lam giau bang ca chat la 

dira de sir dung trong cac nghien ciin tiep theo. 

Dal hoc Xay du>ng 

Nghe An BinhPhiFdc 

Hinh 3. Mat do VSVSMT cua biin hoat tinh tLF cac nguon khac nhau sau 18 ngay phan huy ky khi. 
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Tai trgng (g COD/I) 

ApH 

CH, (%) 

Hcoo (%) 

5 

0,11 

64,1±3,5 

81,0±5,2 

10 

0,32 

65,2±2,9 

73,5±4,5 

15 

0,30 

64,0=1:3,1 

fiy.5±4.7 

20 

0,40 

6I.3±3,5 

59,7±4,5 

Nghien ciru dieu kien thich hop phdn huy ky khi Id Bang 2. Sy thay ai>] pH, ty le khi CM, va hieu qua xi> ly COD ciia 
dira sinh biogas hieu qud ^^'^ "i^u vdi tai trong nguyen lieu thay doi. 

Anh hirong ciia tdi trong nguyen lieu: chiing toi da tien 
hanh thi nghiem phan hiiy ky khi co chat dich la diia vdi tai 
trpng him ca thay ddi: 5, 10, 15 va 20 g COD/l/ngay. Kit 
qua do the tich khi biogas dugc the hien tren d6 thi hinh 4. 

Co the thSy, hieu sudt phan hiiy COD ciia qua trinh cang 
cao khi tai trpng nguyen lieu nap giam, dat gia tri cao nhat 
la 81% khi he chay vdi tai trgng hmi co la 5 g COD/l/ngay 
va thip nhSt la 59,7% vdi 20 g COD/l/ngay. Vdi 2 loai tai 
trgng con lai, hieu suat tuong doi 6n djnh, tren 73% vdi 
tai trpng 10 g COD/l/ngay va tren 69%) vdi tai trgng 15 g 
COD/l/ngay. Hien tupng nay la do he bi qua tai vi nguyen 
lieu dau vao cao lam pH m6i trudng giam, khien he vi sinh 
hoat dpng yeu di hoac ngimg hoat dpng, dan den nang suat 
sinh khi thap. 

Nhu vay, tir hinh 4 va bang 2 co the thay, vdi tai trpng 
nguyen lieu nap la 15 g COD/L/ngay thi nang suat sinh khi 
biogas cao hon dang ke so vdi 10 g COD/l/ngay nhung ty le 
khi CH^ va hieu qua xir ly COD lai thap hon. He xir !y yem 
khi sinh CH^ hoat dpng vdi tai trgng nguyen lieu cang Idn 
thi the tich be chiia cang giam, se tiet kiem chi phi dau tu va 
van hanh [9, 16, 17]. Do vay, xet ve hieu qua kinh te thi vdi 
tai trgng nguyen lieu 15 g COD/l/ngay la t6t nhat. 

Anh huang cua lai trong liuti ca den khd ndng tich liiy 
TN. TP: nghien ciiu da tien hanh phan tich kha nang tich 
luy TN, TP cua he thong len men yem khi sinh biogas tir 
CO chat la phu pham la diia vai cac gia tri tai trgng hu'u co 
khac nhau: 5; 10; 15 va 20 g COD/l/ngay Kit qua phan tich 
ham lugng tong TN va t6ng TP cua cac mau dugc the hien 
dbang 3. 

Bang 3. Cac thong so qua trinh phan huy sinh biogas vdi tai trong 
hu'u CO'khac nhau. 

Tai trong {g COD/l/ngay) pH TN (mg/l) TP (mg/l) 

10 15 20 25 
Tai trong nguyen lieu, gCOD/l/ngay 

Hinh 4. The tich khi biogas sinh ra vdi tai trong nguyen lieu thay 
66\. 

Tir dd thi hinh 4 co the thay, khi tang tai trgng ca chat la 
dura thi tdng the tich khi biogas sinh ra tang va dat gia tri cao 
nhat tai 15 g COD/l/ngay la 5762±132 ml biogas, tuang ung 
680±14 ml biogas/g COD. Tiep tuc tang tai trgng nguyen 
lieu thi tdng the tich khi sinh ra lai giam, tai 20 g COD/I/ 
ngay chi dat 4763±134 ml biogas, tuong ung 580±14 ml 
biogas/g COD, vdi thanh phan CH^ ciia biogas iTong khoang 
58-61 %. Dieu nay co the ly giai do khi tai trgng nguyen lieu 
qua Idn, ham lugng cac axit de bay hoi cao gay ire che su 
hoat ddng ciia VSV [5, 7]. Ngoai ra, axit propionic khi tich 
tu d n6ng dp cao lai la mot doc td ciia VSV smh CH :̂ vdi 
ndng do >0,1 g/l gay uc che cho he len men ky khi va tai 
ndng dp >1 g/l se lam he thong dirng hoat ddng [5, 10]. 
Dilu nay cho thay, qua trinh phan huy ky khi chiu anh 
hudng cua rat nhieu yeu t6, dac biet la pH, dp ky khi, nhiet 
dp ciing nhu thanh phan nguyen lieu, do vay viec tien hanh 
lap lai nhieu thi nghiem la v6 cimg can thiet. Trong nghien 
ciru nay, m6i thi nghiem da tien hanh lap Iai 3 lan. Su tang 
nhe nang suat sinh khi biogas trong trudng hgp nay co the 
do cang ve sau thi kha nang kiem soat va duy tri 6n dinh 
cac yeu td nay cang t6t han. D6ng thdi, theo du lieu phan 
tich hieu suat xii ly COD cua cac mlu (bang 2) cd the thay, 
theo chilu tang tai trpng nguyen lieu nap thi hieu qua hoat 
d6ng ciia he phan huy ky khi cang giam. Ket qua nay hoan 
toan phil hgp vdi cong b6 ciia Sajeena va cong su [12]. 
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Tir ket qua ban dSu dugc the hien d bang 3 co the thay, 
vdi tai trpng hiJu co cang tang thi ham lugng TN, TP cang 
cao. Ddng thdi, ham lugng TN va TP trong tat ca cac mau 
diu tang len sau qua trinh xu ly, dieu nay cd the la do trong 
qua trinh yem khi thudng kem theo giai phong PO^^' va NHj" 
[8,10]. Nhu da bilt, NH^^ la thanh phan dinh dudng rat quan 
trgng trong qua trinh phan hiiy ky khi nhung khi cao qua se 
lai lie che sir boat dgng ciia VSV, dac biet la VSVSMT, nong 
do NH^' dudi 1500 mg/l se la tieu chi kiem soat he thdng 
len men biogas. Ket qua nay da ly giai them cho su giam 
hieu qua chuyen hda COD ciia he phan hiiy ky khi khi tang 
tai trpng huu co. 

Kk luan 

Cac ket qua thuc nghiem da cho thay rang, phan hiiy yem 
khi la mot phuong phap hieu qua de xii ly nguon chat thai la 
diia sau thu hoach dang bi bo ngoai m6i trudng, khdng chi 
tiet kiem dugc mot luong tai nguyen thii cap ma con tao ra 
nguon nang lugng sach va co gia tri la khi CH^. Tir cac k i t 
qua ciia nghien ciiu, nit ra dugc ket luan sau: ngudn VSV 
tiJ be biogas ciia Nha may sira Thanh Hoa thich nghi tot nhat 
vdi nguon co chat la diia; qua trinh phan huy yem khi la diia 
dat hieu qua t6t nhat vdi cac dieu kien: ty le COD/TN la 70; 
tai trong nguyen heu nap la 15 g COD/l/ngay dat nang sutt 
smh khi 680±14 ml biogas/g COD (58-61% CH^), tuang img 
410+7,5 ml C H / g COD, hieu qua xir ly COD dat 69,5±4,7%. 

Ldi CAM dN 

Cong trinh dugc ho trg kinh phi tir de tai dat hang cua 
tinh Ninh Binh, ma s d I6/HD-KHCN. Tac gia tran trgng 
cam an! 
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