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Tom tat
Sy ¢6 mit cua tro bay nong do cao (25 %) trong khdi i hitu co chira than bin va phan  Nhan 12/01/2025
heo tach nu6e da lam bién dong mot sb thanh phan héa Iy cua khoi u quy mo (3-5) tin  pugc duyat 18/02/2025
nguyén ligu/me, dan dén kéo dai thoi gian cuia giai doan wa 4&m hon so voi cdc khdi & Congbé  28/04/2025
thong thuong. Giai doan wa nhiét, nhiét d6 duy tri (50-55) °C khoang 10 ngay va pH

giam tir 7 xudng 5,5. Giai doan chin (giai doan 6n dinh) nhiét d6 giam vé 40 °C dién ra

sau 28 ngay, pH trung tinh (6,5-6,8) dugc xac dinh. Qua trinh khoang hda lam carbon Tur khéa

hitu co giam tir 16,23 % xudng 13,06 %; nito (N), phospho (P), kali (K) tong sb ting,
tir (0,83, 1,06 va 1,38) % 1én twong tng (1,27, 1,38 va 1,8) %: ty 18 C/N giam tir 19,53
xudng 10,28. pH xudng thip & giai doan ra nhiét din dén hoa tan P, K trong khéi 1, tao

tro bay, phan hiru co,
than bun, phan heo tach
. T . . s X oo . nudc, ty 1€ C/N, giai
phospho hitu hiéu (Pnn) va kali httu hiéu (Knn) cho cay trong dé hap thu. Qua trinh bo ,
. e o . ) doan ua am, giai doan
sung vi khuan co dinh dam va phan giai 1an ¢ giai doan u chin da lam gia tang luong N N

ua nhiét,

va Prh. Sau 6 tuan u c6 thé thu compost chin. - \
giai doan truong thanh
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1 Mé dau 1a luong tro xi ndy chira thanh phan chinh 1a cc oxit
Mot s& nha may nhiét dién & nuéc ta van dang duy tri  kim loai va luong 16n than chua chdy hét, CaO va
sir dung cdng nghé dét than bang 10 hoi tang sdi tudn ~ CaSOa, ... [1]. Cac chi tiéu trén vuot mic quy dinh
hoan (Circulating Fluidized Bed Boiler — CFB) dé tan  trong céc tiéu chuan chat lugng tro bay (TB) sir dung
dung loai than ndi dia chét luong thip (than non, than  1am phu gia cho xi ming va bé tong dan dén kho tiéu

nau, than antraxit tir cdm 5 tro 1én). Piéu déng lo ngai  thu, gdy Un « & cac béi chura, ao tro va 6 nhiem moi
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truong. R4t nhidu cac thir nghiém st dung TB thay thé
voi trong néng nghiép (diéu chinh pH) hoac cai tao dat
(b6 sung cac khoang da lugng nhu P, K, Ca, Mg va S
hay vi luong Fe, Mn, Zn, Cu, Co ma thyc vét can dé st
dung cho qué trinh sinh trudng va phat trién) [2]. Tuy
nhién, viéc str dung truc tiép TB trong ndng nghiép con
han ché do kha dung sinh hoc thap (thiéu C, N) va ciing
tiém 4n nhimg tac dong tiéu cuc cho dit, ciy trong khi
chira mét luong kim loai nang (Pb, Cd, Ni, ...) [3, 4].
O Viét Nam, TB dugc st dung trong cai tao dat xam
bac mau, gitp cai thién d6 chua, hé vi sinh vat dat va
ham lugng hitu co trong dat [5]. Thir nghiém trén 10 %
TB véi phan chudng vao dat di cai thién dang ké mot
sO tinh chét vat 1y, hoa hoc va sinh hoc ciia dat thi
nghiém va c6 anh huong tbt 1én qué trinh sinh truong,
phat trién ctia cay lac (sau 12 tudn) trén dét thi nghiém
[6]. Tuy nhién, viéc bo sung phan chudng chwa qua 0
hoai ciing tiém an nhiéu nguy co lay nhiém vi sinh vat
gdy bénh ra méi truong.

Mot sd nghién ciru trén thé gidi gan day di quan tim
dén viéc u hitu co TB v6i bun thai, phé thai thyc pham,
phé thai nong nghiép, phé thai chin nuéi, ..., tin dung
ngudn phé thai du thira, hudng t6i xay dung kinh té
tudn hoan va han ché 6 nhiém moi truong. Két hop u
phé thai thyc pham véi voi va TB trong thung u 20 lit,
vOi va TB (5-10) % c6 tac dung nhu dém pH giup gia
tang téc do u phan, rat ngin thoi gian 0 tir 42 ngay
xudng 28 ngay [7]. Nghién ciru nam 2010 ctia nhom tac
gia cling cho thiy TB c6 tinh kiém manh, c6 tac dung
nhu dém pH giup loai bo cac kim loai ndng trong bun
thai [8]. TB di tao ra méi truong phu hop bang cach
tang d6 pH va nhiét do, tao diéu kién thuan l¢i cho su
phat trién va dinh hinh lai cong dong vi sinh vat, thiic
day qua trinh chuyén d6i chit dinh dudng (P va N)
trong phan tron phé thai nha bép [9]. Tuy nhién, cac
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nghién ctru méi chi chu yéu tap trung nghién ctru thir
nghiém & quy mo6 phong thi nghiém.

Céc thir nghiém gan day ciia chung toi tao ché pham cai
tao dat tir TB bang cach u hitu co TB véi ngudn hitu co
than bun, phan heo tich nudc bude dau c6 dau hiéu tich
cuc khi tdn dung duogc khoang 25 % TB CFB vao khdi u.
Mot s6 yéu té anh huong dén giai doan i phan hity nhu ty
1€ than bun:phan heo tach nudc, ty 1€ TB va thoi gian u da
duoc khao sat. Sau 4 tuan u phan hily v6i ché pham Hud-
1: Cellulomonas fermentans va Hud — 4: Actinomyces
thermophilus, ty 1¢ than bun: phan heo tach nudc 4:6; ty
1€ TB 25 % la phu hop dam béo cho cac vi sinh vat trong
khdi 1 hoat dong hiéu qua, ty 16 C/N giam tir 19,42 xudng
14 trude khi bude sang giai doan truong thanh (U chin)
[10]. Khi khao sat & quy mo phong thi nghiém 10 kg/mé,
khdi 1 thuong bi that thoat nhiét trong qué trinh 1, khong
dam bao nhiét do t6i wu cho vi sinh vét hoat dong nén
nhiét d6 di dwoc diéu chinh 55 °C trong ti . Trong
nghién ctru nay, pH, nhiét 46 duoc theo ddi sudt qua trinh
1l & quy md (3-5) tAn/mé 1am co s& dé bo sung ché phim
vi sinh vat pht hop cho timg giai doan 1. Mot sé yéu t6
nhu ham lugng carbon hiru co (OC), nito (N), ty I¢ C/N,
phospho tong (Ps), phospho hitu hiéu (P ), kali tong
(Ks), kali htru hiéu (Knn) dugc phan tich dinh ky 7
ngay/lan nhim danh gia thuc t& mot sé thong sb chat
luong chinh dién ra trong khdi 1, 13 co s& xay dung quy

trinh cong nghé & quy md san xuat.
2 Vit liéu va phuong phap nghién ctru

2.1 Vat lieu

- TB (thu tai Nha may Nhiét dién Mong Duong I, Quang
Ninh) c6 pH = 9,3; ham lugng OC 4,72 %, P 0,2 %, Kss
3,57 %, tong (SiOz+ Fe,0z va Al,03) 69,31 %.

- Than bun cia Cong ty TNHH Khoang san va Thuong
mai Tién Hiéu (Lang Son) (pH = 4,2, d6 4m 25,7 %,
ham lugng OC 23,46 %, Py 0,16 %, Kis 0,19 %)
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- Phan heo tach nudc thu tai trang trai Nguyén Thi Ha
(Tién Du, Bic Ninh) (pH = 6,61, do am 59,3 %, ham
lugng OC 17,34 %, Nis 1,54 %; Pis 1,98 %, Kis 0,96 %).
- Ché pham vi sinh vat hitu hiéu: bo ché pham vi sinh
vat Hudavil cua Vién Héa hoc cac Hop chat Thién
nhién bao gom: ché pham Hud 1 phan giai cellulose va
c4c hop chit hiru co trong diéu Kién wa am
(Cellulomonas fermentans > 10°), ché pham Hud 2
(Bacillus megaterium > 108, ¢é hoat tinh phan giai 1an),
Hud 3 (Azotobacter chroococcum > 108 c¢6 kha nang
¢ dinh nito), ché pham Hud 4 (xa khuin wa nhiét
Actinomyces thermophilus > 108, phan giai cellulose wa
nhiét (50-60) °C)

2.2 Phuong phap nghién cuu

2.2.1 Phuong phap hoat hoa vi sinh vat

- Qué trinh 18n men giéng cap 1 riéng ré cho mdi chung
vi sinh vat (Hud 1, Hud 2, Hud 3 va Hud 4) dugc thuc
hién trong binh tam giac 500 mL chira 300 mL méi
truong nudi ciy duoc pha theo khuyén céo ciia nha san
xuat. Ty 1& cap gidng 0,001 % so vai khdi lugng khi
. Tién hanh 1&n men trén may lic ngang véi toc 6 90
rpm, nhiét d6 (30-32) °C trong 24 gio thu duoc dich
men cap 1.

- B6 sung dich gidng cip 1 (300 mL) vao binh Ién men
cap 2 chira 2 700 mL méi trudng da dwoc khir trang.
Cam bng chia khi, bat méay nén khi va I&én men 24 gio
& nhiét do (30-32) °C. Sau 24 gio, tit may nén khi va
rat dng chia khi. Thu nhan dugc 3 000 mL dich giéng
mai loai phuc vu cho khéi u 3 tin.

2.2.2. Phuong phdp 1 hitu co TB va cdc phé thdi hiru
co

Than bun, phan heo tach nudc va TB dugc cén theo ty
1¢ (30:45:25) %, dugc rai thanh 16p xen k& nhau cé
chiéu cao (15-20) cm. Dung cude, xéng hoic may xdc

dao x6i déu, phii bat 1én luéng & dé qua dém. Dich men

cdp 2 Hud 1 va Hud 4 sau khi hoa nuéc va ri mat (0,1
% -tinh theo nguyén lidu 1), duoc phun déu vao khdi u.
B6 sung nudc cho khéi i c6 di do am (55-60) %. Ding
cubc, xéng dao tron déu, tao ludng u co chiéu cao 1,5

m; phu bat, d4o tron véi tan suat 1 tuan/lan, (Hinh 1).

Hinh 1 Dao tron khéi u quy mé 3 tan nguyén ligu/mé
Kiém tra nhiét d6 va pH hang ngay bang nhiét ké va pH
meter (Hanna- HI 2211 ctia Romania). Sau khi nhiét do
khéi 1 ha xudng dudi 40 °C, chuyén sang giai doan u
chin, tién hanh b sung ché pham Hud 2 va Hud 3 da
dugc hoat hda. Sau 7 ngay, 14 ngay, ..., tién hanh liy
mau xac dinh ham lwong 4m (sdy ¢ 105 °C trong 3 gi®)
trong tu sdy; tong carbon hiru co theo phuong phap
Walkley-Black (TCVN 9294:2012); nito tong theo
Kjeldhal (TCVN 8557: 2010) — sau khi phd mau duoc
cat dam trén may cat UDK 129-Velp cua Italy, phospho
téng sé (TCVN 8940:2011), bing cach oxy hda mau
bing HNO3, phospho s& tao phuc chat mau vang Vi
molypdovanadat. Dung phd quang ké (UV-Vis
Specord 210 plus - Gemany) dé do cuong do mau,
phospho hitu hiéu dugc xac dinh trén co s¢ hoa tan mau
phan vai axit citric 2 % (TCVN 8559:2010). Kali tong
s6 (TCVN 8562:2010) sit dung H,SOs va HCIO, dic
dé chuyén hoa céc hop chét chira kali trong mau thanh
kali hoa tan, kali hixu hiéu duoc xac dinh trén co sé hoa

tan mau véi HCI 0,05 N, sau d6 xac dinh kali trong
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dung dich mau bang quang ké ngon lta (Jenway PFP7
- England).

2.2.3 Xur ly s6 lieu

Céc s lidu duoc phan tich, tinh gia tri trung binh cua it
nhat 3 lan thir va gia tri léch chuan bang phan mém

Microsoft Excel.
3 Két qua va thao luan

3.1 Theo ddi nhiét d6 va pH cua khéi o

Nhiét d6 cua khéi u ting dan do c6 s gop mat cua vi
khuan phan giai cellulose Hud 1, Hud 4 phan giai cac
hop chat hitu co trong 10 ngay dau (giai doan wa am-
mesophilic phase). Sau d6, khdi i chuyén sang giai doan
ua nhiét (thermophilic phase), nhiét 46 dat ngudng trén

50 °C tir ngay thir 10 dén ngay thir 20, sau d6 giam dan.
60
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Dén ngay thir 28 (sau 4 tuan 1), nhiét do <40 °C, khéi u
chuyén sang giai doan u chin (maturity phase). Phun b
sung ché pham Hud 2 va Hud 3, nhiét d6 giai doan nay
duy tri trong khoang (30-37) °C, dén ngay tha 37 thi
nhiét d¢ bat dau giam dan (Hinh 2).

Sy bién dong pH cua khi u dao dong tir 7 xudng 5,7 &
ngay thtr 10 va ting dan 1én pH = 6,55 ¢ ngay thu 14
va 6n dinh trong suét qua trinh & phan hay. TB c6 tac
dung nhu dém pH gitip ngin can pH xudng thap qua
mtc trong giai doan dau cua qué trinh t do céc vi khuan
Ky khi, gram 4m da bi wc ché bai TB dan dén giam
lugng axit hiru co sinh ra hoac cac axit hitu co nay co6
thé da két hop vai cac oxit kim loai trong TB dan dén
pH giam khéng nhiéu so véi cac khéi u thong thuong
(khong c6 TB) [5].
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Hinh 2 Theo d&i su bién dong nhiét do, pH khéi u

Nong d6 TB cao 25 % phan nao anh huong dén sy phat
trién cua vi sinh vat trong khéi 1, dan dén do tré cua pH
xudng 5,5 ¢ ngay thir 10 trong khi & cac khi u thong
thuong, pH xudng mic thap < 5 sau khoang (3-5) ngay
[9]. Khi khdi u chuyén sang giai doan  chin, pH trung
tinh (6,35-6,89) va on dinh khi thr nghiém & ngay thir
42 va thir 45 c6 thé do cac vi sinh vat ua 4m hoat dong

tré lai ddng thoi cac vi sinh vat phan giai 1an Hud 2, vi
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khuan c6 dinh dam Hud 3 hoat dong 1am gia ting ham
lugng N trong khdi 1, dan dén pH ting.

3.2. Khao st sy bién dong ty I¢ phan trim cia OC, N
vaty & C/N cua khéi u

Thanh phan ty 1& phan tram cia OC, N va ty Ié C/N
duogc xac dinh sau (0, 7, 14, 21, 28, 35, 42 va 45) ngay

duoc chira ¢ Hinh 3.
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Hinh 3 Sy bién dong ty 18 phan trim ciia OC, Nis va ty 1é C/N trong qué trinh ¢

Tong carbon hiru co giam trong suét qua trinh 1 hitu co
tir 16,23 % xudng 13,06 % trong khi d6 nito co xu
huéng ting dan trong sudt qua trinh 1, tuy nhién khong
rd rét trong giai doan u phan huy tir (0-28) ngay do c6
thé mot luong 16n NH; bi that thoat vao méi trudng &
diéu kién nhiét d6 khdi u tang cao, (50-55) °C [8]. Nito
tang ro rét ¢ giai doan u chin, ham lugng nito do duogc
sau 42 ngay 1 14 1,28 %. Nhiét do giai doan u chin thip
(<40 °C) 1am giam tdc do bay hoi amoniac va qué trinh
b6 sung cac vi sinh vat cb dinh dam di gia ting ham
luong nito trong khdi 4. Tuy nhién, néu tiép tuc u sau
42 ngay, lugng nito c6 xu huéng giam nhe do nguon
dinh dudng da can kiét, ngudn nito sinh ra dugc sir
dung trong qua trinh phat trién cua vi sinh vat.

Ty lé C/N giam trong toan bo thoi gian , cu thé 1a tir
19,53 xudng 14,21 sau 4 tuan u va tiép tuc giam xuéng
10,28 sau (6-7) tuan u. Sy khoang hoa ciia chét hiru co
cling Véi sur gia ting ham lugng nito dan dén ty 1& C/N
giam. Ty Ié C/N giam nhiéu nhat tir ngay tha 21 tro di
(sau 3 tuan ). Str dung TB 15 % va véi ciing cho thay
do giam tré hon so véi cac cong thuc khong si dung
TB [8]. Ty |8 C/N = 10 gin nhu 6n dinh trong subt giai

doan U tir ngay 35 dén ngay 45. Chinh vi vay, c6 thé két
thuc giai doan u chin va thu compost chin sau khoang
(35-42) ngay u khoang (5-6) tuan.

3.3. Theo ddi su bién dong cua P, Kis, Prn , Kin

Két qua Hinh 3a va 3b cho thiy c6 su gia ting nhe vé
Pis va Kis trong subt qua trinh 1; ¢6 su gia ting dang ké
vé ham luong phospho hitu hiéu (Phs tir 0,43 1én 1,22
%) va kali hiru hiéu K, (0,68-1,42) % chung to lugng
axit hitu co sinh ra trong giai doan dau cua qué trinh u
phan d3 hoa tan P va K c6 sin trong khdi t. Qua trinh
b sung vi sinh vat phan giai 1an giup day nhanh qué
trinh tao cac Pwh. Chinh vi vay, luong K ting chu yéu
& giai doan 1 phan hity trong khi Py tang chi yéu ¢ giai
doan 0 chin. Cac két qua nay phi hop vai cac nghién
ctru & tai liéu tham khao cho rang sy c6 mit P, K trong
khéi i da 1am gia tang ham lugng Phy va K, trong sudt
qué trinh u, dac biét su gia tang Py ¢ giai doan u chin
[11]. Ham lugng phospho tong sé (P) cung cap cho
khdi 1 chu yéu tir nguon phospho tir phan heo tach
nudc, trong khi lugng kali tong s6 (K) chi yéu tir ngudn
TB.
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Hinh 3a Sy bién dong cua Pts va P, trong khéi u

Qua trinh theo di sau 6 tuan & cho thiy sy bién dong
ciia mot s chi tiéu ly, hda cua khdi u hitu co c6 dau
hiéu cham lai, phan u da dat do truong thanh (compost
chin). Cac thtr nghiém so bo danh gia muc do truong
thanh caa phan u (TCVN 7185:2002) cho thiy phan u
da truong thanh, tao thanh compost chin ¢ thé dem

phdi ché va thanh pham.
4 Két luan

Theo ddi qué trinh G hiru co than bun, phan heo tach
nuéc va TB (ty 18 30:45:25) & quy md (3-5) tin nguyén
lisu/mé cho thiy TB dong vai tro nhu chat dém chéng
lai sy giam pH dong thoi tang lwong phospho hiru hiéu
(Prn tir 0,43 % 1én 1,22 %) va kali hitu hiéu (Knn (0,68-
1,42) %). Nhiét d6 cua khéi o ting dan déu sau khi bd

Tai liéu tham khao
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Hinh 3b Su bién dong cua Kis va Kan trong khéi u

sung céc vi sinh vat phan giai cellulose va thoi gian u
phan hiy kéo dai 4 tuan (28 ngay) sau d6 chuyén qua
1 chin, ty 16 C/N giam tir 19,53 xudng 10,28. Qué trinh
bé sung vi khuan phan giai 1an va vi khuan ¢ dinh dam
& giai doan u chin da 1am gia tang luong N va Pp,. Qua
trinh @ sau 6 tuan da thu dugc phan compost chin 6n
dinh, c6 thé dem phdi ché va thanh pham.
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1. Nguyén Xuan Nguyén, Dorokhov 1. N.., (2023). Tong quan vé nghién ciru va ang dung cia tro bay. Vién Han

1am Quac té vé Khoa hoc hé théng, 310 tr.

2. Arivazhagan, Ravichandran M., Mathur V. K., Krishna R. (2011). Effect of Coal Fly Ash on Agricultural
Crops: Showcase Project on Use of Fly Ash in Agriculture in and around Thermal Power Station Areas of National

Thermal Power Corporation Ltd. India, World of Coal Ash (WOCA) conference May 9-12, in Denver, CO, USA,

http://www.flyash.info.

w Dai hoc Nguyén T4t Thanh
Koo



Tap chi Khoa hoc & Cong nghé Vol 8, No 2

3. Skousen J., Yang J. E., Lee J. S. And Ziemkiewicz P. (2013). Review of fly ash as a soil amendment. Geosystem
Engineering. 16 (3), 249-256, DOI:10.1080/12269328.2013.832403

4. Sharma SK, Kalra N. (2006). Effect of fly ash incorporation on soil properties and plant productivity — a review.
Journal of Scientific and Industrial Research 65:383-90.

5. Lé Van Thién, Nguyén Kiéu Bang Tam, Lé Tién Diing. (2012), Nghién ctru anh huéng cua tro bay Nha may
Nhiét dién Pha Lai Ién mot sé tinh chét 1y, hoa dat xam bac mau Ba Vi, Ha Noi va sinh trueéng cia cay lac. Tap chi
Khoa hoc, Pai hoc Quéc gia Ha Ngi, 28, (4S), 194-202.

6. L& Van Thién, Ngb Thi Tuong Chau, Lé Thi Tham Hong, Luong Duc Toan. (2017). Anh huéng cua viéc bon
TB nha may nhiét dién két hop phan hiru co dén mot sé tinh chét dat va sinh trudng cay trong. Hgi ngh; toan
quoc vé Sinh thai va Tai nguyén sinh vdt lan thi 6, 1693-1699.

7. Wong J.W.C, Fung S.O., Selvam A. (2009), Coal fly ash and lime addition enhances the rate and eficiency of
decomposition of food waste during composting, Bioresource Technology 100 (2009), 3324-3331.

8. Wong.JW.C, Li SW.Y., Wong M.H. (2010). Coal fly ash as a composting material for sewage sludge: effects
on microbial activities. Environment Technology 16, 527-537.

9. Muhammad T., Jiang C., Li Y., Manan I., Ma C., Geng H, Fatima I., Adnan M. (2024). Impacts and mechanism of coal
fly ash on kitchen waste composting performance: The perspective of microbial community. Chemosphere,
350, 141068.

10. Hoang Thi Bich, Pham Thi Hong Minh, Tran Hiru Quang, D Tién LAm, Bui Thi Thuc, Hoang Dai Tuan, Pham
Cao Béch, Nguyén Trong Vuong, Nguyén Trong Vinh, Nguyén Vian Trong, Tran Qudc Toan. (2024). Khao sat
mot s6 yéu t6 anh huong dén qua trinh u phan hiru co véi TB tir nha may nhiét dién @6t than chat luong thap. Tap
chi Hoéa hoc va Ung dung, sé ddc biét Hgi nghi Hoa hoc Hiru co Toan quoc lan thi X (20 -22/09/2024), 3B (70B).
11. Kapoor K.K, Yadav K.S, Singh D.P, Mishra M.M & Tauro P. (1983). Enrichment of Compost by Azotobacter
and phosphate Solubilising Microorganisms. Agricultural Wastes, 5, 125-133.

12. Bernal M.P, Paredes C., Sanchez Monedero M.A, Cegarra J. (1998). Maturity and stability parameters of

composts prepared with a wide range of organic wastes. Bioresource Technology. 63, 91-99.

@ Dai hoc Nguyén T4t Thanh
D™

NGUYEN TATTRANE



Tap chi Khoa hoc & Cong nghé Vol 8, No 2

Monitoring the changes in some physicochemical components of compost from peat, dewatered

pig manure and fly ash on a scale of (3-5) tons/batch
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Abstract The presence of fly ash at the concentration of 25% in compost containing peat and dewatered pig manure
altered some physicochemical properties of the compost in batches ranging from (3 to 5) tons of raw materials,
leading to an extended mesophilic phase, as compared to conventional composts. During the mesophilic phase, the
temperature was maintained at (50-55) °C for 10 days, while the pH decreased from 7 to 5.5. In the ripening
(stabilization) phase, the temperature dropped to 40 °C after 28 days, and a neutral pH (6.5-6.8) was observed. The
mineralization process reduced the organic carbon content from 16.23% to 13.06%, while total nitrogen (N), total
phosphorus (P), and total potassium (K) levels increased from 0.83% to 1.27%, from 1.06% to 1.38%, and from
1.38% to 1.8%, respectively, thereby reducing the C/N ratio from 19.53 to 10.28. Through the mineralization
process, nutrients were converted into simpler, inorganic (mineral) forms that plants can readily absorb, including
available phosphorus (P_avail) and potassium (K_avail). During the ripening stage, the addition of nitrogen-fixing
and phosphorus-decomposing bacteria increased the availability of nitrogen and phosphorus. A stable, mature
compost was obtained after six weeks.

Keywords fly ash, compost, peat, dewatered pig manure, C/N ratio, mesophilic phase, thermophilic phase,

maturity phase
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