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Tom tit:

Khio sat anh huéng ciia thoi gian siéu Am 1én ham lwong tong carbon hitu co' (TOC), téng carbon hiru co hoa tan
(Sro0) chit rin bay hoi (VS) va hiéu qua qua trinh phan hity yém khi (PHYK) anaerobic thu hdi khi blogas dlr(rc
thuc hién trong nghlen ciru nay. Thoi gian siéu 4m tién xir Iy (TXL) dwoc dit & mire 0, 10, 20, 30 phit véi tin s 37
kHz va cong suit 1500 W. Bun nghién ciru dwgc lay tir tram xir ly nuwée thai nganh ché bién thiiy san tai Pa Ning.
Pé danh gia hiéu qua ciia TXL théng qua PHYK va thu héi biogas, mt thiét bi dang modue tich hgp dwoc sir dung
dé theo doi va kiém chirng trong thoi gian 25 ngay. Két qua nghién ciru cho thiy, thoi gian siéu Am khong anh hwéng

dén ndng 46 TOC, S

TOC

va VS. Kha ning loai bé TOC ciia mAu bun ddi chirng so véi miu siéu 4m 30 phut chénh

nhau 25%. Lugng khi sinh hoc thu dwgc 16n nhit & miu cé thoi gian siéu 4m 1a 30 phit.

Tir khéa: biogas, bun thai, PHYK, siéu am, TXL.
Chi 56 phin loai: 2.7

Mé dau
Trong xt ly nudc thai, phuong phap bun hoat tinh
thuong tao ra tir 18 dén 27 kg bun cho mdi m® nude thai
duoc xtr 1y [1] va loai hinh xir Iy cho chat thai phat sinh thir
cap nay dugc coi la tén kém vi n6 thuong chiém 25-60%
tong chi phi hoat dong cua cac nha may xir 1y nudc thai sir
dung k¥ thuét nay [2-4]. PHYK la mdt k¥ thuat thuong dugc
sir dung dé xir Iy bun, 6n dinh chit rin va tao ra khi biogas.
Tuy nhién, PHYK thuong dién ra cham, véi thoi gian luu
giit chat rin (SRT) khoang 20 dén 30 ngay [4]. Su thay phén
cac chat hitu co dang hat trong bun thai thuong bi han ché,
néu nhu khéng c6 phwong phap gitip cho qua trinh nay dugc
dién ra thuan loi thi s& gay kho khan cho viéc phan hiy ¢ cac
cong doan sau [5, 6]. Tién xur Iy (TXL) bun truoc khi PHYK
thuong duoc ap dung dé hoa tan cac chat ran gilp gia tdng
tbc do phan huy sau d6. Nghién ctru cua Takashima, Zhen,
Kinnunen va céc cdng su [7-9] da chi ra TXL bun khong
chi giup chét rin phan huy nhanh ma con tao diéu kién cho
phan huy sinh hoc & cac cong doan sau duge dién ra thuan
loi. Két qua 1a, mot phan ning luong va héa chat dau vao
trong qué trinh TXL s& ldng phi vao viéc hoa tan chat hiru
co dé phan huy sinh hoc ma khong lam tang kha ning phan
huy sinh hoc cua bun. Trén thuc té, bun thai tai cong doan
lang so cip ctia cac hé thong xir 1y nudce thai thudng co chira
cac chat ran d& phan huy hon so v6i bun tai cong doan ling
thir cap, do do6 viéc lya chon loai hinh nguyén liéu phu hop
dé thuc hién qua trinh TXL Ia rat can thiét va tranh dugce cac
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chi phi phat sinh trong qué trinh xtr 1y.

Hién nay, nhiéu cong trinh da coéng bd vé nghién ctiru
mg dung cic phuong phap TXL nhu kiém, ozone va nhiét
[10-14]. Cac phuong phap TXL nay da chi ra dugc nhiing
vu diém ndi troi nhu gitip cho qua trinh phan giai cac hop
chat hitu co trong xir Iy bun thai dugc kha thi hon, nang cao
hiéu suit xtr 1y, rat ngan thoi gian luu va tir d6 tiét kiém
duoc chi phi. Tuy nhién, TXL bing phuong phap siéu am
cling ¢6 nhiing han ché nhét dinh, nhu: kho trién khai trong
thuc té do gia thanh cao, k¥ thuat doi hoi phirc tap, thiét b
quy mod cong nghi€p khé dap tng. Nhung trong nhitng hé
thdng quy mé nhoé nhét dinh nén c6 bude TXL phu hop dé
gitp cho qué trinh PHYK dugc dién ra thuan loi.

Song si€u am 1a mot phuong phap da dugc ung dung
rt nhidu trong TXL bun, song nay gy ra su gidn nén theo
chu ky va truyén qua méi truong. Cac vi tam khi hinh thanh
trong qua trinh nay dugc pha vo mot cach cudng ép trong
vong vai micro gidy sau khi dat dén mot kich thudc gisi han,
tao ra su xuat hién cua cac bong bong. Sy pha vo dot ngodt va
cudng ép d6 dan dén cac diéu kién khic nghiét (nhiét do tai
chd khoang 5000 K va mot ap sudt trén 500 bar), tao ra luc
cit co hoc thity luc rdt manh va cic phan g hoan toan rat
16n (H' va OH’). Ca luc cit co hoc thuy luc va sy oxy hoa
ctia H' va OH' gop phan pha v cac khéi bun va giai phong
céc té bao chat [15-17].

Nghién ciru nay nham khao sat tinh kha thi cua viéc ap
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Abstract:

This work investigated the effect of weak ultrasonic
irradiation on total organic cacbon (TOC), soluble
total organic carbon (S, ), volatile solid (VS) and the
efficiency of anaerobic digestion for biogas production.
The ultrasonic irradiation time was set up at 0, 10, 20
and 30 min via Ultrasonic Bath S300H (37 kHz, 1500
W). The organic sludge samples were obtained from
the central wastewater treatment plant of the Danang
seafood service industrial zone. The module equipment
was used to evaluate the effect of anaerobic digestion and
biogas production in 25 days. The obtained data showed
that the appropriate ultrasonic time was 30 min with the
highest TOC removal efficiency and biogas generation.

Keywords: anaerobic digestion, biogas, pre-treatment,
sludge, ultrasonic.
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dung siéu am 1én mot s6 thong sd didc trung ctia bun va anh
hudng cta chung trong qué trinh PHYK nhu: nng d6 téng
carbon hitu co (TOC), tong carbon hiru co hoa tan (S
chét rdn bay hoi (VS).

TOC)’

Thuc nghiém
Bun thdi

Bun str dung trong nghién ctru dugc iy tir bé chira bun
cta hé théng xir Iy nudc thai nganh ché bién thuy san tai
thanh ph Pa Ning. Pay duogc coi 1a loai bun hdn hop vi
dugc gom vé tir cong doan lang so cAp va thi cép cia cong
doan xu ly bun hoat tinh. Bun dugc phan tich cac chi ti€u
hoa 1y ban dau nhu d6 4m, pH, carbon tong s6 (TOC), carbon
téng s6 hoa tan (S;00)> hitu co quy d6i theo nhu cau oxy hoa
hoc (COD), COD hoa tan (S,,,), tong cht ran (TS), tong
chit rin bay hoi (VS) va tong nito (TN).
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Thiét b

Thiét bi siéu am duoc sir dung trong nghién ciru ¢6 tan
s6 37 kHz va cong suat 1500 W cua Hang Elmasonic S
300H, Nhat Ban. Thiét bi dung dé PHYK 1a loai thiét bi
thu nho theo moé hinh (AF-20, Nhat Ban). Thiét bi nay duoc
thiét ké dung dé nghién ctru cp quy md phong thi nghiém,
6 cu tao g@)m 2 binh PHYK dung tich 71, 2 thiét bi thu khi
(biogas), 2 may khuéy, bd nang nhiét, sensor cam bién nhiét
d6 trong budng PHYK thu khi va bé nang nhiét (hinh 1).
Ngoai ra, hé pilot con c6 panel diéu khién cho ca hé thong
va cac van léy mau kiém tra rat thuan tién.

Bé phan huy
Ky khi

Haé diéu khién hé théng:

Ong thu khi < 0
—_ nhiét d9, toc d6 khuay, pH,

biogas

|

Thiét bi thu
khi biogas

I

0

Hinh 1. M6 hinh thi nghiém PHYK tai phong thi nghiém.
Cha thich: TN: thi nghiém; BC: déi chiing

=

Phuwong phap thwe nghi¢m

Mot s6 thong sb cua bun duoc kiém tra nhu trinh bay tai
bang 1. Bun dugc dua vao binh thuy tinh va bé siéu am vai
cac thong sd: thé tich bun 5 1, thoi gian siéu am 0, 10, 20 va
30 phat (hinh 2). Sau mdi budc siéu 4m, cac thong s6 hoa Iy
ctia bun lai dwoc kiém tra dé danh gia hiéu qua.

Bang 1. Thong s6 héa ly thanh phan bun.

Théng sb Pon vi Gia tri

pH 6,9-7,5

D6 4m % 88-93

TS o/l 152-174,10
COD g/l 35-54,15
Scon g/l 2,8-3,44
TOC g/l 1,55-32
Stoc g/l 0,23-0,36
TN o/l 0,32-0,4
VS g/l 85,7-111,33

Sau khi két thuc cong doan si€u am bun dugc dua vao
hé PHYK AF-20 (hinh 1) dé danh gia ndng d6 TOC, S0
VS va luong biogas thay d6i theo thoi gian thi nghiém 1a 25
ngay. Nhiét do, tde do khuay, pH duogc thiét 1ap theo nhiét
d6 phong, 20 vong/phut va khong diéu chinh pH.

Biogas sinh ra dugc do hang ngay dua vao thang chia
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vach trén thiét bi chtra khi nhu mo phong tai hinh 1. Sy thay
d6i ham lugng TOC duoc theo dbi va danh gia trong thi
nghiém bang cach 1dy mau phan tich theo chu ky 5 ngay/lan
cho ca mau thuc nghiém va déi chimg.

Nudc vao
Bo diéu ' Bun Nudc ra
khién may | L
Bé&siéuam

Hinh 2. M hinh thuc nghiém TXL bang phudng phap siéu am.
Phwong phap phan tich va tinh todn

Cac mau phan tich trong nghién ctru dugc thuc hién theo
céc phuong phéap chuén cia Viét Nam va quéc té: pH (TCVN
6492:2001); d6 am (TCVN 1867-2001); COD va Scop
(SMEWW 5220C:2012); TOC va S_ . (TCVN 6634:2000);
TS (SMEWW 2540 D:2012); TN (TCVN 6624-2-2000) va
VS (SMEWW 2540E).

Trong nghién ctru sir dung mot sé cong thire dung dé
tinh toan nhu sau:

- Hiéu suat gia tang S S

TOC ( S-TOC):

STOCTN STOCO x 1000/
S TOCO

lasS,

TOCTN

ESs1oc=

Trong do, S ban
dau.

- Hiéu suit gia taing TOC (ES

o thuc nghiém; S_ | 1a S

TOCO TOC

TOC):

TOCx - TOC,

0,
TOC, x 100%

EStoc=

Trong do, TOC,
ban dau.

- Hi¢u suat gia tang VS (ES

la TOC thyc nghiém; TOC la TOC

VS) :

VSin- VS,

EVStoc = VS,

% 100%

Trong do, VS_ 1a VS thuc nghiém; VS 1a VS ban dau.
- Hiéu suét 10a1 boé TOC (E

TOC, - TOCty
TOC,

Phwong phdp xir ly sé li¢u

TOC)

ETOC = X 100%

Nhém tac gia sir dung phan mém Microsoft Excel dé xir
ly so liéu, két qua thuc nghiém déu dugc lay gia tri trung
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binh, do lap lai 3 lan va sai sb phan tich déu nam trong
ngudng cho phép.

Keét qua va thao luan

Anh hwéng ciia thoi gian siéu am dén néng dj tong
carbon hitu co

Sy thay d6i ndng d6 TOC trudc va sau siéu am & cac
muc thoi gian khac nhau da thu dugc két qua gan tuong
dong nhau (hinh 3).

1800 -
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800 -
600 -
400 -
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Non-treatment Ultra 10 min Ultra 20 min Ultra 30 min
Thoi gian siéu am, phat

Nong d6 TOC, mg/I

Hinh 3. M&i quan hé gitia thoi gian siéu 4am va nong dé TOC.

Trong nghién ctru nay, 3 muc thoi gian 10, 20, 30 phut
dugc thiét 1ap cho mdi thi nghiém. Két qua thyc nghiém
cho thay, khi ting thoi gian siéu am thi ndng do TOC gan
nhu it thay doi. Lién hé v6i nghién ctru cia cac tac gia: C.
Bougrier, A. Battimelli, A. Tichm va C.P. Chu [13-16] cho
thay, murc tan so siéu am, thot gian siéu am déu co két qua
gidng nhau va sy thay doi nong do TOC ciing tuong tu.

Anh hwong cua thoi gian siéu dm dén nong do tong
carbon hitu co hoa tan

Két qua nghién ctru vé anh hudng cua thoi gian siéu 4m
dén ndng do tong carbon hitu co hoa tan dugc chi ra trong
hinh 4. Sy thay d6i thoi gian siéu &m dan dén thay doi nong
do S, . va clng co su tuong; dong V('?'l sy thgy df”n néng do
TOC nhu ¢ hinh 3. Tuy nhién, ¢ thoi gian siéu am muc 30

700

1l

Ultra 10 min Ultra 20 min Ultra 30 min
Thoi gian siéu am, phat

Néng d6 Syoc, mg/l
N w B w (o))
o S IS) o o
S] S) S S S]

=
o
[s]

Non-treatment

Hinh 4. M&i quan hé giiia thoi gian siéu &m va nong do S,



phut, thanh phan S, oc €a0 hon murc khong siéu am va siéu
am 10, 20 phut.

Hon 13% luo’r}g S, oc duoc tao ra thém so voi ban géu va
tuong ung v4i moc thoi gian siéu &m & 30 phut da bo sung
thém thanh phan d& phan hay cho cac vi sinh vat hoat dong
& cac cong doan sau. Nhiéu két qua nghién ctru ctia céc tac
gia [7-13] déu chimg minh, lugng S oc duge nang 1én sau
khi c6 tac dong cua qua trinh TXL.

Anh hwéng ciia thoi gian siéu Gm dén nong dé chit
rin bay hoi

Nong d6 VS trung binh c6 trong mau bun ban dau chi
nam trong khoang 11133 mg/l. Két qua ¢ hinh 5 cho thay,
luong VS tao ra thém sau khi siéu 4m cao nhét ciing chi nam
6 muc dudi 1% 6 thoi gian 10 phut.

15000
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0 - T T

Ultra 10 min Ultra 20 min Ultra 30 min
Thoi gian siéu am, phat

Noéng do Vs, mg/l

Non-treatment

Hinh 5. Méi quan hé¢ giiia thoi gian siéu 4am va ndng d¢ VS.

Gidng nhu lugng TOC, VS ciing khong ¢ sy thay doi
nhiéu ddi véi tic dong clia song siéu am. Diu nay cho thay,
vé mit co hoc ddi véi luong chét ran bay hoi chi nam & muc
rat nho va gan nhu it thay d6i khi song siéu 4m géy ra.

Anh hwéng ciia thoi gian PHYK dén nong dj tong
carbon hitu co

Sau khi si€u &m xong, bun hitu co dugc dua vao PHYK
va theo ddi sy thay doi cua TOC trong 25 ngay thi nghiém.
Su thay d6i ndng d6 TOC trong hinh 6 cho thay, téc d6 phan
huy cac chit hitu co xay ra nhanh nhét & khoang thoi gian
tir ngay thtr 5 dén ngay thir 15.

Su thay doi tir 45-62% d6i v6i ca 3 mau cé sir dung siéu
am, trai lai véi mau déi ching tbc do chi dat 35%. Diéu nay
cho thay, tac dong cua TXL dén téc do phan hiy cac hop
chat hitu co trong giai doan phan huy ky khi 1a rit dang ké.
Vi thoi gian siéu 4m l4u, ham luong cac hop chét hitu co
hoa tan thudng 16n nén khi PHYK cac vi sinh vat da dé dang
tidu thu cac hop chat nay hon. Py chinh 14 1y do vi sao &
muc 30 phut si€u am, lugng TOC sau 25 ngay phan hiy 16n
hon so v&i 2 mirc siéu am 10 va 20 phat. Tham khao két qua
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Hinh 6. Méi quan hé gitia thoi gian PHYK va nong d¢ TOC.

T T 1

da cong bd ciia cac nghién ciru [14-18] cho thiy, hiéu suat
loai bé TOC trong nghién ctru nay cling nam trong gidi han
va d6i khi con kha quan hon.

Anh hwéng ciia thoi gian siéu Gm dén lwong biogas

Hiéu qua PHYK duoc trinh bay & phn trén di lam sang
t6 tac dong ctia song siéu 4m dén hiéu suét loai bo TOC. Tuy
nhién, két qua thé hién trén hinh 7 lai 1am rd nét hon & san
pham thu dugc trong qua trinh PHYK, day chinh 13 luong
khi biogas san sinh trong tirng ngay thi nghiém.

@spmmNon-
Treatment
«@=Ultra 10 min

st Ultra 20 min

Biogas, |/ngay

Thei gian thi nghiém, ngay

Hinh 7. Hiéu qua sinh khi biogas.

Téng lugng biogas cia mau dbi chimg thu dugc chi bing
50,5% d6i v6i mau siéu 4m 30 phit. Lién hé tir két qua duoc
trinh bay ¢ hinh 6 va 7 cho thay c6 su logic vé mat khoa hoc
rat chat ché, diéu nay thé hién khi hiéu suit loai bo TOC ciia
mau dbi chimg chi nim trong khoang 40% 1a cao nhat, hiéu
suit loai bd TOC ctia mau duge TXL béng siéu am cao hon,
do do lugng biogas thu dugc cling 1a 16n hon.

Két luan
va VS chi

Khi tang thoi gian siéu am, lugng TOC, S_ .

tang rat nho so voi mau doi chung.

Hiéu suét loai bo TOC 1én dén trén 60% trong 25 ngay
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theo doi thi nghiém ddi véi mau bun dugc siéu 4m 30 phiit.

Hiéu qua thu hoi khi biogas dat mirc cao nhét la ~7 1/1
bun/ngay, con lai mau doi ching thap hon & mic 4,8 1/1 bun/
ngay.

LOI CAM ON

Nhom nghién ctru xin chan thanh cam on Van phong
cac Chuong trinh KH&CN Quéc gia (B6 KH&CN), Vién
Cong nghé Moi truong (Vién Han 1am KH&CN Viét Nam)
da cap kinh phi, tw van khoa hoc va tao diéu kién hoan thanh
nghién clru nay.
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