s Khoa hoc Tu nhién

Nghién ctru diéu kién thich hop cho qué trinh phan hiy yém khi
sinh biogas tir phu pham 14 dira

Phan Thi Tuyét Mai"
Khoa Hoa hoc, Truong Pai hoc Khoa hoc Tu nhién, Dai hoc Quéc gia Ha Noi

Ngay nhan bai 13/9/2019; ngay chuyén phan bién 18/9/2019; ngay nhan phan bién 6/12/2019; ngay chép nhan dang 16/12/2019

Tom tit:

Muc dich ciia nghién ctru nhim xac dinh dwogc diéu kién thich hgp cho qua trinh phan hity yém khi sinh biogas
nguon phu phim l4 dira. Cac thi nghiém dwgc thuce hién & quy md phong thi nghi¢m trong binh 1 lit, qua trinh phian
hity yém khi ¢ diéu ki¢n Am véi nhiét dd duy tri 37£1°C. Céc yéu té anh hwong dén hi¢u qua sinh khi biogas nhuw
nguon vi sinh vt (VSV), ty 1¢ cacbon so véi nito ciing nhw tii trong hiru co da dwgc nghién ciru. Két qua cho thay,
ngudn phu phim la dira ¢6 thé sinh khi metan dat niing suit 410£7,5 ml/gCOD sau 28 ngay bang nguon VSV tir bé
biogas ctia Thanh Hoéa, tii trong hiru co'1a 15 gCOD/I/ngay véi ty 1€ dinh dwéng COD/TN la 70:1, hi¢u qua xit ly COD

dat 69,5+4,7%.

Tir khéa: khi sinh hoc, phan hity yém khi mesophilic, phu phim 14 dira, tii trong hiru co, ty 1& cacbon véi nito.

Chi s6 phén logi: 1.5

Dua 1a mot loai qua thom ngon, giau dinh dudng va la
ddc san cua Viét Nam. Nhu cau tiéu thu dira tuoi va cac
san pham ché bién tir dira khong ngimg ting ¢ thi truong
trong nudc ciing nhu xudt khau. Piéu nay dong nghia véi
viéc hang nam c6 mot lugng khong 16 phu pham 14 dira sau
thu hoach thai ra méi trudng, da va dang gay rat nhiéu kho
khan cho ngudi néng dan. Hién nay, dé xir Iy 1 ha 1a dira
nguoi néng dan phai tén 4-5 triéu dong dé thué may bam
nho va cay x6i. La dira sau khi bam nho duoc thai ra ngay
trén canh dong dé phan hity ty nhién, gay mui héi thbi, lam
6 nhiém mai truong. Pong thoi, nham giam thoi gian xur
1y va nhanh chong c6 dién tich canh tdc vu méi, ngudi dan
phun thudc diét cé cho 14 dira nhanh n6 dé dét, da gay anh
huong nghiém trong dén méi trudng va sirc khoe con ngudi.
Viéc tim ra giai phap phu hop dé xtr Iy ngudn phu pham nay
dang 13 nhu ciu cép bach dé phat trién bén viing ciy dira,
cling nhu dam bao sirc khoe cho ngudi dan va giam thiéu 6
nhiém moéi trudng. Cho dén nay da c6 mot s nghién ctru thu
hoi xenlulozo tir 14 dira dé san xuét vai [1], tuy nhién do hi¢u
qua kinh té chua cao nén giai phap nay van chua dugc trién
khai tirg dung.

Trén thé gidi, di c6 nhiéu nghién ciru tap trung vao kha
nang phan hily yém khi phu pham dira cta cic nha may ché
bién [2-4], hodc phdi tron ba dira v6i bot gidy cing mot
s6 vo cua céac loai qua khéac, hodc két hop phu phim dira
v6i phan bo. Nhim ting ning suat sinh khi trong qua trinh

*Email: maimophong@gmail.com.

TAP CHI

HOA HOC

ONG NGHE /It Nam 62(3) 3.2020

phan hay yém khi phy pham dira, Gopinathan va cong sur
d3 bd sung 2% ure. Két qua nghién ciru cho thdy, ning suit
sinh khi tang thém 19% [2]. Trong cac cong trinh trudc, tac
gia cling da xac dinh dugc tiém ning sinh biogas ciia phu
phdm vo6 va 15i dira kha cao, v6i didu kién ngudén VSV tir
bé biogas Thanh Hoa, ty 1& dinh dudng C/N 1a 30; tai trong
nguyén liéu nap 1a 10 gVS/l dat ning suat sinh khi biogas
477+15,1 ml biogas/gVS (60-66% CH,), hi¢u qua xu Iy COD
1én dén 92,3477+3,5%. Mac du, cong nghé biogas da xu 1y
hiéu qua ngudn phy pham dira sau ché bién (nhu vo, 15i va
ba ép), nhung viéc Gmg dung cong nghé nay dé xu Iy phu
phém 14 dtra sau thu hoach con mdi va hau nhu chua duoc
cong bo trén bat ky cong trinh ndo. La dira c6 ham luong
dinh dudng kha cao, chua khoang 6-7% duodng va 19-20%
protein (tinh theo phan khé), thich hop cho qué trinh phéan
huy ky khi sinh biogas [2-4]. Tuy nhién, 14 dia véi ham
luong xenlulozo twong d6i 16n (chiém dén 55-60% tinh
theo phan kho) lai 12 mot thach thuc rat 16n dé ap dung cong
nghé biogas dé xir ly. Dé tang tinh kha thi cho cong nghé
ndy, viéc ting nang suat, chat lugng san pham khi biogas va
giam thoi gian xtr 1y nham giam thé tich bé chira 1a rit can
thiét. Qua trinh phan hiy yém khi xay ra véi su tham gia
ctia nhiéu nhém VSV khac nhau va hiéu qua xir 1y bi anh
huong boi cac yéu té nhu didu kién ky khi, loai VSV, pH
cua mdi truong, ty 1€ dinh dudng, tai trong nguyén liéu nap
vao bé, doc td... [5-7]. Trong nghién ctru nay, ching toi da
tién hanh lia chon ngudn VSV hoat tinh sinh metan (CH 2
tir cac bé biogas dang hoat dong nhim tim dugc ngudn
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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 37+1°C.
The factor that affected 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 410%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/l/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.
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VSV thich nghi nhit v6i co chét 14 dta. Ty 18 dinh dudng
COD:N:P ctia nguyén liéu 1a mot chi tiéu quan trong dé
danh gia kha nang phan huy cia ching [8-10]. Vi khuin
yém khi tiéu thu cacbon nhiéu hon nito trong khoang 20-
40 lan tuy thuoc vao tu’ng loai chit nén [11-13]. Theo két
qua phan tich tong Cva tong N [14], 14 dGa co ty 1€ C/N 1a
109, cao hon nhiéu gié tri t6i wu. Vi vay, nghlen cuu da tlen
hanh diéu chinh ty 16 COD/TN bang cach bo sung ngudn
nito tir uré. Tai trong nguyén liu nap (g COD/]) cling co
anh huong 16n dén hiéu qua hoat dong cua bé phan hay yém
khi. Déi voi mot bé biogas voi thoi gian luu xac dinh, toe do
nap nguyén lidu cang cao thi ning sut sinh khi biogas cang
16n, tuy nhién hiéu qua xt 1y lai giam [6, 9, 10]. Do vay, tim
duoc diéu kién van hanh vira dat nang suét sinh khi lén vira
dam bao hiéu qua xir 1y cao s& 1a mot trong nhiing yéu td
quyét dinh dén kha niang ing dung cong nghé nay ¢ quy mo
cong nghi¢p. Muc tiéu cia cong trinh nay la xac dinh dugc
céc diéu kién thich hop cho qué trinh phan huy ky khi phu
pham 14 dira sinh biogas hiéu qua.

Vat liéu va phuong phap
Nguyén li¢u va héa chit

Phu pham 14 dira dugc ldy tir Nong truong Dong Giao,
tinh Ninh Binh. Da c6 bo léy tr 10 mo tai 75 Tam Trinh,
Hoang Mai, Ha Noi. Cac ngudn VSV cho qué trinh phan
hay ky khi dugc 14y tai bé biogas ciia Nha may sita Thanh
Hoa, Nha may bia Viét Ha, pilot biogas cua Truong Pai hoc
Xay dung, bé biogas trang trai chin nudi bd & Nghé An va
trang trai chan nuoi lgn ¢ Binh Phudc. Nguyén liéu va cac
ngudn VSV duoc sir dung ngay hodc bao quan trong ti lanh
o 4°C.

Hoa chat sir dung trong phan tich cac chi tiéu: COD,
ham luong céc axit dé bay hoi (VFA), tong nito TN, téng
phospho TP (Merck). NaOH, KOH, KH,PO,, K .HPO,,
Na,CO, va NaHCO, (Trung Qudc); uré (Vlet Nam)

Chudn bj hé thi nghiém

Chudn bi mau: dich nguyén lidu 14 dira sau qué trinh
thily phan va axit héa duoc s dung lam co chit cho quéa
trinh phan hiy ky khi sinh biogas. Piéu chinh ty 1& dinh
dudng COD/TN cua nguyén ligu dat 70:1. B6 sung moi
truong dém bang hdn hop KH,PO,0,07 g/l va K,HPO, 0,10
g/l. Biéu chinh pH 6,8-7,2 bang hon hop Na, CO 2 M va
NaHCO, 2 M theo ty I¢ 1:1. B6 sung bun hoat t1nh tir bé
biogas dang hoat dong tot voi ty 1¢ thé tich nguyén ligu:
bun 12 9:1. Moi thi nghiém tién hanh lap lai 3 lan.

M&6 hinh phdn hiy ky khi: thi nghiém duoc tién hanh
trong binh 1 1 véi dung tich hoat dong 0,7 1. Tao moi trudng
ky khi bang khi N, va duy tri nhiét do on dlnh 37+1°C trong
bé diéu nhiét. Duy tri d¢ ky khi ctia hé voi nong d6 0,<0,5%.
Mbi thi nghiém dwoc thyc hién ldp lai 3 1an. Mu kh1 biogas
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Dich mau

T H-U NaOH :

o) (4) (3) 1)
(A)

(B)

Hinh 1. (A) So d6 nguyén ly; (B) Anh minh hoa mé hinh thi nghiém phan hay ky khi va thu khi biogas bing phwong phap
cot nwére. 1-Lo chva mAu phan hdy yém khi; 2-Ong dan khi bang cao su; 3-Lo chira dung dich NaOH; 4-Lo cha nwéc; 5-Ong

dong dé do thé tich nwéc.

duoc Iuu gitr trong tai mang thiéc khong thim khi Teslar.

Xdc dinh tong thé tich khi biogas: tong lugng khi biogas
sinh ra dugc do theo phwong phap cot nuée (hinh 1), 14 tng
thé tich khi biogas do duogc trong thi nghiém dén khi hé
dung sinh khi.

Xdc dinh ning sudt sinh khi biogas: nang suat sinh khi
biogas dugc tinh bang thé tich khi biogas sinh ra ctia mot
don vi khdi lugng COD cua co chat phu pham 14 dira ban
dau duoc xir Iy: ml biogas/g COD, ml CH /g COD.

Cdc phuwong phap phan tich

COD duge xac dinh theo tiéu chuidn APHA 5220D
(APHA,1995). TN duogc xac dinh theo tiéu chuan Viét Nam:
TCVN 6180:1996. TP dugc xac dinh theo tiéu chuan Viét
Nam: TCVN 6020:2008. VFA duoc xac dinh bang phuong
phép dién di. Thanh phan cta biogas dugc xac dinh bang thiét
bi Biogas CM100. pH duoc do biang may. Mat dé VSV sinh
metan (SMT) duogc chup bang kinh hién vi phat huynh quang.

Hiéu suat xu ly COD dugc xac dinh theo cong thirc:
H(COD), % = (COD-COD,)/COD,*100%.

Trong d6: COD, va COD_ 1a gi4 tri COD tai thoi diém
trudce va sau qud trinh 1én men ky khi.

Sai s6 dugc tinh theo phuong phap binh phuong ti
thiéu.

Két qua va thao luan
Xdc dinh thanh phan co chit ld dira

Két qua phén tich thanh phan co chit 14 dira duoc dua ra
trong bang 1.
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Bang 1. Thanh phan hiru co ctia phu phdm 1 dva.

Chitiéu  COD (mg/))

44.300

TN (mg/l)
412,5

TP (mg/l)
81,3

pH  VFA (g/)
52 214

Dich vao

Tir két qua bang 1 cho thiy, pH ciia dich 14 dira kha thap
(5,2), chua phu hop cho sy phat trién ctia VSV phan huay ky
khi sinh CH,. Do vay can bo sung dung dich dém dé tang pH
cua dich len khoang 6,8-7,5 tao diéu kién tdi wu cho VSV
phat trién.

Tir két qua phan tich co thé thay, ty 16 COD:TN 1a 107:1,
cao hon ty 18 tdi wu 70:1. Do dé, viéc bd sung ngudn nito 1a
can thiét. Pang chu y 1a ty 16 COD:TN ciia nguon phu pham
14 dira thip hon nhiéu so v6i phu phdm vo va 15i dtra 1a 180
[15], cho thiy tiém ning xir Iy 14 dira bang qua trinh phan hiy
ky khi sinh biogas.

Nghién cvu lwa chon nguo“‘n VsV

Ching t6i d4 tién hanh phéan hay ky khi sinh CH, st
dung co chat dich 14 dira véi cac nguén bun hoat tinh khac
nhau. Kha ning thich nghi v6i co chét dich 14 dira ctia cac
ngudn VSV dugc danh gia qua ning suat sinh khi biogas sau
28 ngay, két qua dwoc chi ra trén hinh 2.

Tir hinh 2 ¢6 thé thiy, nguén VSV tir Thanh Héa cho
ning sudt sinh khi biogas cao nhét 1a 4,15 1, sau d6 dén
nguén VSV tir Binh Phudc dat 3,72 1, ngu@)n VSV tir Viét
Ha va Nghé An c6 hiéu qua gan twvong duong nhau, va thap
nhat 12 VSV tir pilot ciia Trudng Dai hoc Xay dung chi dat
2,02 1, véi thanh phan CH, cua khi biogas trong khoang
55-61%. Nhu vay, nguon VSV tir Thanh Hoéa thé hién thich
nghi nhét v&i ngudn co chit 1a dira. Két qua tuong tu ddi voi
co chit vo va 15 dira [15].
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10 T . . T .

9] 1 Dong thoi, ching t6i da tién hanh quan sat mat do
8 i VSVSMT bang kinh hién vi huynh quang (hinh 3). Khi
(_(é 74 _ chiéu anh sang huynh quang, VSVSMT c6 kha ning phat
.§ 6 . quang mau xanh, mat d¢ va kich thudc vét sang ty 1€ thuan

E 5—_ 415 57 . véi mat do VSV [10].
N% 4] ] Tir hinh 3 ¢6 thé thdy, sau 18 ngay phan huy co chit 14
= 250 L 2% 1 dira, tht ca cae miu déu chira VSVSMT thé hién boi cdc vét
f: : sang mau xanh trén anh. Trong d6, mau sir dung bun hoat
0. | . tin}’l tor Thanh Hoa quan sat thay nTat d(f)’ VSVSM]? nhiéu
iév ép gg) S §O nhat, ching t6 chiing thich nghi t6t nhat v4i nguon phu
(§° & & éb i & pham 14 dtra. Két qua nay hoan toan phii hop véi gia tri tong
~ § = 5 thé tich khi biogas do dugc. Ngudn VSV tir bé biogas ctia

Hinh 2. Néng suét sinh khi biogas cua la dira véi cac nguén VSV Nha mdy sita Thanh Hoa s& dugc lam giau bang co chat la

khac nhau. dira dé sir dung trong cac nghién ciru tiép theo.

Thanh Héa Viét Ha Dai hoc Xay dwng

Nghé An Binh Phwéc

Hinh 3. Mat do6 VSVSMT cua bun hoat tinh tir cac ngudn khac nhau sau 18 ngay phan hay ky khi.
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Nghién ciru diéu kién thich hop phédn huy ky khi la
dira sinh biogas hiéu qua

Anh huong cua tdi trong nguyén liéu: ching toi da tién
hanh thi nghiém phan huy ky khi co chét dich 14 dira voi tai
trong hitu co thay ddi: 5, 10, 15 va 20 g COD/I/ngay. Két
qua do thé tich khi biogas dugc thé hién trén do thi hinh 4.

7 T T T T T T T T

Thé tich khi biogas, |

0 T T T T T I
0 5 10 15 20
Tai trong nguyén liéu, gCOD/I/ngay

25

Hinh 4. Thé tich khi biogas sinh ra véi tai trong nguyén liéu thay
doi.

Tir d6 thi hinh 4 c6 thé thiy, khi ting tai trong co chat 14
dura thi tong thé tich khi biogas sinh ra ting va dat gia tri cao
nhit tai 15 g COD/l/ngdy 1a 5762+132 ml biogas, twong (g
680+14 ml biogas/g COD. Tiép tuc ting tai trong nguyén
liéu thi tong thé tich khi sinh ra lai giam, tai 20 g COD/I/
ngay chi dat 4763+£134 ml biogas, twong ung 580+14 ml
biogas/g COD, v&i thanh phan CH, cua biogas trong khoang
58-61%. Diéu nay co thé Iy giai do khi tai trong nguyén li¢u
qué 16n, ham luong céc axit d& bay hoi cao gay tc ché sy
hoat dong cta VSV [5, 7]. Ngoai ra, axit propionic khi tich
tu 6 nong d6 cao lai 1a mot doc té cia VSV sinh CH,: vai
nong d6 >0,1 g/l gay tc ché cho hé 1én men ky khi va tai
nong d6 >1 g/l s& lam hé thdng dimg hoat déng [5, 10].
Piéu nay cho thay, qua trmh phan huy ky khi chiu anh
huéng cua rat nhiéu yeu t6, dac biét 1a pH, do ky kh1 nhiét
d6 cing nhu thanh phan nguyén liéu, do vy viéc tién hanh
1ap lai nhiéu thi nghiém 14 v6 cung can thiét. Trong nghién
ctru ndy, mdi thi nghiém da tién hanh 13p lai 3 1an. Sy ting
nhe ning suat sinh khi biogas trong trudng hop nay cé thé
do cang vé sau thi kha ning kiém soat va duy tri 6n dinh
céc yéu té nay cang tét hon. Pong thoi, theo dir liéu phan
tich hiéu suat xir Iy COD ciia cic mau (bang 2) c6 thé thiy,
theo chiéu tang tai trong nguyén li¢u nap thi hiéu qua hoat
dong cua hé phan hily ky khi cang giam. Két qua nay hoan
toan phil hop voi cong bd cta Sajeena va cong su [12].
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Bang 2 Sw thay déi pH, ty & khi CH, va hiéu qua xtr ly COD cua
cac mau véi tai trong nguyén liéu thay dai.

Tai trong (g COD/1) 5 10 15 20

ApH 0,11 0,32 0,30 0,40

CH, (%) 64,1+3,5 65,2429  64,0£3,1  61,3+3,5
Hp, (%) 81,0+5,2 73,5+4,5  69,5+4,7 59,7445

C6 thé thay, hiéu suat phan huy COD cua qué trinh cang
cao khi tai trong nguyén liéu nap giam, dat gi4 tri cao nhat
la 81% khi h¢ chay vdi tai trong hitu co 1a 5 g COD/l/ngay
va thap nhit 1a 59,7% véi 20 g COD/I/ngay. Véi 2 loai tai
trong con lai, hi¢u suét tuong ddi 6n dinh, trén 73% véi
tai trong 10 g COD/l/ngay va trén 69% vdi tai trong 15 g
COD/l/ngay. Hién tugng nay la do hé bi qua tai vi nguyén
liu dau vao cao lam pH méi trudng giam, khién hé vi sinh
hoat dong yéu di hodc ngimg hoat dong, dan dén ning suét
sinh khi thap.

Nhu véy, tir hinh 4 va bang 2 ¢6 thé thdy, véi tai trong
nguyén lidu nap 1a 15 g COD/I/ngay thi ning suét sinh khi
biogas cao hon dang ké so v4i 10 g COD/I/ngay nhung ty 1&
khi CH, va hiéu qua xtt Iy COD lai thap hon. Hé xr 1y yém
khi sinh CH, hoat dong véi tai trong nguyén li¢u cang l6n
thi thé tich bé chira cang giam, s& tiét kiém chi phi dau tu va
van hanh [9, 16, 17]. Do vay, xét vé hiéu qua kinh té thi voi
tai trong nguyén liéu 15 g COD/I/ngay 14 tot nhét.

Anh hwéng cia tdi trong hitu co dén khd nang tich liiy
TN, TP: nghién ctru da tién hanh phan tich kha nang tich
liiy TN, TP cta hé théng 1én men yém khi sinh biogas tir
co chét 1a phy pham 14 dira véi cac gia tri tai trong hiru co
khac nhau: 5; 10; 15 va 20 g COD/I/ngay. Két qua phan tich
ham luong tong TN va tong TP cua cac mau dugc thé hién
o bang 3.

Bang 3. Cac thong sé qua trinh phan hiy sinh biogas véi tai trong
hiru co khac nhau.

Tai trong (g COD/l/ngay) pH TN (mg/l) TP (mg/1)
Trudc 7,5 365 75
5
Sau 73 472 111
Trudc 72 736 165
10
Sau 7,1 826 181
Trudc 7,5 1115 231
15
Sau 7,0 1210 271
Trudce 7,5 1510 335
20
Sau 6,8 1655 381
21



Tir két qua ban dau duoc thé hién ¢ bang 3 co thé thay,
voi tai trong hitu co cang tang thi ham luong TN, TP cang
cao. Ddng thoi, ham lwong TN va TP trong tit ca cac miu
déu tiang 1én sau qu4 trinh xu 1y, diéu nay co thé 1a do trong
qua trinh yém khi ’thufmg kem theo gi:éli phong PO * V:&l NH,*
[8, 10]. Nhu da biét, NH, " la thanh phan dinh dudng rat quan
trong trong qua trinh phan hiy ky khi nhung khi cao qua sé&
lai e ché su hoat dong cua VSV, dic biét 1a VSVSMT, néng
do NH," du6i 1500 mg/l s& 1a tiéu chi kiém soat h¢ thong
1én men biogas. Két qua nay da ly gidi thém cho su giam
hiéu qua chuyén hoa COD cuia hé phan huy ky khi khi ting
tai trong hiru co.

Keét luan

Cac két qua thyc nghiém d cho thay rang, phan hity yém
khi 12 mot phuong phap hiéu qua dé xir 1y ngudn chat thai la
dtra sau thu hoach dang bi bo ngoai moi truong, khong chi
tiét kiém dugc mot luong tai nguyén thu cép ma con tao ra
ngudn nang lugng sach va co gia tr’i la khi CH,. Tu cac két
qua cua nghién ctu, rit ra dugc két luan sau: ngudén VSV
tir bé biogas ctia Nha may sira Thanh Hoa thich nghi tot nhat
v6i nguon co chat 14 dira; qua trinh phéan hity yém khi 14 dta
dat hiéu qua tot nhét véi cac diéu kién: ty 16 COD/TN la 70;
tai trong nguyén liéu nap 1a 15 g COD/I/ngay dat ning suit
sinh khi 68014 ml biogas/g COD (58-61% CH,), twong tmg
410+7,5 ml CH,/g COD, hi¢u qua xtr ly COD dat 69,5+4,7%.

LO1 CAM ON
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