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Tom tat Phét pho (P) rat quan trong cho sy phat trién cia cay. Khao sat viéc str dung than sinh hoc c6
nguon g6C tir phan chim cut 1én kha nang hap phu lan cuia mau dat Acrisols Happlic (Tay Ninh) da duoc
tién hanh. Thi nghiém u dat véi cac dang than sinh hoc (nhiét phan ¢ 300, 450 va 600°C) & ti 1& 4% wiw
trong 60 ngay voi do 4m dugc uy tri 1a 60%. Mau sau u duoc lam kho trong khong khi, nghlen qua ray va
duge dung cho thi nghiém hip phu. Cac miu dat duoc tiép xuc voi dung dich P vai cac ndng d6 khac nhau
tir 0 dén 400 mg/L va dong hoc qua trinh hap phu tai cac thoi diém khac nhau ciing duoc thuc hién. Két
qua cho théy dir liéu hép phu tuén theo ca hai phuong trinh dang nhiét Langmuir va Freundlich, v&i dung
lwong hap phu P cao nhat & mau dét cai tao bang than sinh hoc 300°C (1,73 mg/g). M6 hinh dong hoc hap
phu bac hai phu hop hon cho qué trinh hap phu P. Co ché hap phu héa hoc c6 lién quan dén tuong tac hoa
hoc gitra ion phét phat va cac dang than sinh hoc. Phat hién nay cho thay kha nang ng dung than sinh hoc
& 300°C dé tang cuong kha ning hap phy 1an & mau dat Acrisols Happlic cua tinh Tay Ninh 1a ¢6 tinh kha
thi.

Tir khéa: dat Acrisol, hap phy, P dé tiéu, phan chim cit, than sinh hoc.
1 GIOI THIEU

Lan dudi dang cac anion phét phat (HzPO4~ va HPO4*) 1a nguyén tb can thiét cho cay trong [1]. Bé giam
thiéu hut P va dam bdo néng suét cay trong, gan 30 tri¢u tin phan P dwoc bon mdi nam. Co téi 80% luong
phan P dugc bon bi mat di do rira trdi hay ¢ dinh trong dt [2]. Theo nghién ciru cua Han et al., than sinh
hoc ¢6 vai trd trong viéc hap phu hay giai hip phu lan trong dat [1]. Phuong phap pho bién san xuat than
sinh hoc 14 tir chat thai nong nghiép [3, 4]. Cac diéu kién nhu: nhiét 4o, thoi gian luu va tdc do gia nhiét
trong qua trinh nhiét, nguon gdc nguyén liéu, kich ¢ vat lidu c6 thé anh hudong dén tinh kha dung cua lan.
Sy hap phu P hay giai hap phu thugc dic tinh cua than sinh hoc va dét [5]. Co ché dé cac chét vo co hap
phu 1én than sinh hoc 14 do trao d6i ion, lyc hit tinh dién, két tua bé mat [6]. Trong d6, didc tinh hoa hoc bé
mat than sinh hoc 1a quan trong [7]. Hiéu qua hp phu phot pho (P) cua than sinh hoc trong dat 1a phuc tap
véi nhiéu yéu to khac nhau. Mot s6 nghién cizu cho thay than sinh hoc ¢co thé thuc ddy qua trinh hap thy P,
trong khi mot sé khac lai cho thay tac dung nguoc lai [5]. Nhiing yéu t6 chinh anh huong dén kha nang hip
thu P cua than sinh hoc bao gom: Biéu kién san xuat: Nhiét do, thoi gian giir nhiét va toc do gia nhiét co
anh huong dang ké dén kha nang hap thy P ciia n6; Ngudn nguyén liéu: Loai vat liéu hiru co duoc st dung
lam nguyén liéu, chang han nhu phu pham néng nghiép hozc sinh khéi go s& anh hudong dén kha nang hap
phu P cua than sinh hoc [8]. N6i chung, céc hat nhé hon c6 dién tich bé mat 16n hon, do do co tiém ning
hap thu P cao hon. Hiéu 5 nhitng yéu tb nay la diéu can thiét dé toi uu hoa viéc san xuit va sir dung than
sinh hoc nham quan 1y hiéu qua kha nang b sung thuong xuyén P trong dat nong nghiép.

Phén chim cut, mot loai gia cam dang dugc nudi pho bién ¢ tinh Tay Ninh va cac khu vyc 1an cén, 1a mot
nguon nguyén lidu thd c6 gia tri dé san xuat than sinh hoc. Céc chét dinh dudng c6 trong phan chim cut voi
tong ham luong N 13 2,86% va cac chét dinh dudng khac nhu protein 21%, nito 0,061%, P205 0,209% va
ham luong K20 3,133% [9]. Viéc st dung phan chim cut tuoi, hoac ngay ca phan dé u thong thuong da
gy 6 nhiém moi trudng nhu phat tan mui hoi, nhiéu loai vi sinh c6 kha ning mang mam bénh gay hai cho
con nguoi [10]. Do vay, st dung phan chim cut thong qua than sinh hoc dugc nhiét phan ¢ nhiét do cao sé
khéc phuc duoc cac han ché do st dung truc tiép. Tinh Tay Ninh nim & phia déng nam Viét Nam, trong d6
loai dat Acrisols chiém 84,1%. Pat Acrisols Haplic & tinh Tay Ninh c6 két ciu nhe, d& bi x6i mon va dat
¢6 tinh axit. Mt can bang dinh dudng va that thoat dinh dudng & ving dét nay di duoc bao cao [11]. Than
sinh hoc tir phan chim cit ¢6 thé cai thién kha nang hap phu phot pho (P) cua dét, tuy nhién, thong tin nay
con rét han ché. Do d6, nham goép phan lap day khoang trong kién thirc nay, nghién ciru nay da tap trung
vao viéc danh gia anh huong ciia nhiét do nhiét phan 1én cac dic tinh hoa 1y va kha ning hap phu P cua
than khi duoc 1 véi dat.
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2 VAT LIEU VA PHUONG PHAP NGHIEN CUU

2.1 Thu miu hién truong

Mau phan chim cut dugc lay tai trang trai nudi cit tai xa Nhi Binh huyén Hoc Mén, Tp HCM. Sau d6 loai
bo tap chét cé trong phan chim cat nhu: rom, 16ng cut, cat nhé <5mm va say kho 60°C [12].

Pét duoc l4y tai xd Thanh Trung, Thanh phd Tay Ninh. MAu d4t dugc l4y tir khu vyc dat phi nong
nghiép. Cac mau dat duoc lam kho, qua rdy 2 mm, bao quan trong tai polyetylen sir dung cho phén tich va
cho thi nghiém 0. Cac chi tiéu duoc xac dinh trén mau dat bao gém: Ti trong theo tiéu chudn TCVN
6863:2001; D6 pH theo phuong phap do pH ké, pHpzc (pH diém ding dién) tham khao theo nghién ctru
ctia Tran Thi Ta [13], TOC theo phuong phap Walkley Black [14], x4c dinh CEC theo TCVN 8568:2010,
phospho dé tiéu theo TCVN 5256.

Céc héa chat cua Merck sir dung 1a: NaH2PO4, (NH4)sM07024 4H20, SnCl,, va ciia Trung Quéc 1a KCI,
H2S0., NaOH, HNO3, NaOH.

2.2 Diéu ché than sinh hoc

Str dung 16 nung Nabertherm P330 (Hoa Ky) trong diéu kién nhiét phan c6 kiém soat dé diéu ché than sinh
hoc mé phong theo nghién ctru trude d6 [15]. Cac mau phan chim cut duoc diéu ché qua qua trinh nhiét
phén & ba nhiét do khac nhau: 300, 450 va 600 °C (Bio 300, Bio 450 va Bio 600, twong (tng). Cac nhiét do
nhiét phan lya chon dwa trén mirc 6 phan huty cac hop chit hitu co ¢ trong chit thai nong nghiép, cu thé,
nhiét do 300°C, bay hoi cua cac chat hiru co nhe, 450°C c6 thé lién quan dén sy phan hiy xenlulo,
hemicellulose va lignin, 600°C 1a phan hiru co xenlulo, hemicellulose va lignin con lai va 900°C 1a phan
tro hoa [16]. Tdc do gia nhiét 10 °C/phut da dugc sir dung dé dat dén nhiét d6 mong muén. Sau khi dat
duogc nhiét do, thoi gian 2 gio dugce duy tri ¢ nhiét 6 muc tiéu. Lo nung sau d6 da dirng hoat dong va cac
mau than sinh hoc dugc lam ngudi bén trong 16 qua dém. Sau d6, than sinh hoc duoc sang qua rdy 1 mm
dé dat duogc tinh dong nhét kich thude. Cudi cung, cac dang than sinh hoc duge luu trit riéng biét trong cac
tai polyetylen (PE) trong méi truong téi & 4 °C dé sir dung phan tich va cho thi nghiém tiép theo.

2.3 Thi nghiém i dat

Thi nghiém u dat trong céc nhua 500 mL trong 60 ngay trong phong thi nghiém & nhiét do maéi trudng (28
+ 2 °C). Cu thé, mau dat da 1am kho trong khong khi dwoc can chinh xac 360 g dat va 15 g cac dang than
sinh hoc (Bio 300, 400 va 600 °C) (ty Ié than sinh hoc 4% hay 15g/360 gam dat dé dam bao pH dat dao
dong trong khoang 6,0-7,0 duya theo cac thi nghiém @ so bd [17]). Sau d6, cac mau dat da duogc lic tron cho
ddng nhit. B6 sung nudc cat dé dat c6 dd 4m 60% va dugc duy tri bang cach thém nudc cit bat cu khi nao
can thiét. Mau dat khong thém than sinh hoc dugC u trong cung. diéu kién duoc dung 1am miu ddi ching
[1]. Sau 60 ngay u, mau dét dugc 1am kho trong khong khi, nghién, qua ray va chira vao céc hu polyetylen
¢6 ndp dé dung cho thi nghiém hap phu. Cac nghiém thic u lap lai 3 lan.

2.4 Thiét ké thir nghiém

Thi nghiém hap phu cta cic mau dat dugc thuc hién dua trén phuong phéap ctiia Han va cong sy [1]. Quy
trinh thi nghiém: 1,5 g dat tir cac miu dat da o cho vao cac ng ly tam loai 50 mL, b6 sung 30 mL dung
dich c6 nong d6 P trong khodng 0,00 dén 400 mg/L (pha trong KCI 0,01 M). Hai gigt chloroform dugc
thém vao moi binh thi nghiém dé tic ché hoat dong vi sinh vat. Lac va can bang cac mau thi nghiém bang
may lic GFL 3005 (buc). Téc do lic 300 vong/phut & nhiét 6 27+1°C, 24 gid (thoi gian nay di duoc xac
dinh so b 14 du dé dat trang thai can bang). Tach va loc: Sau khi lic, tach cac pha bang may ly tim DLAB
DMO0636 (Btrc): 5000 vong/phit, nhiét d6 28+1, thoi gian ly tdm 10 phat va loc dung dich sau d6. Ham
lugng P trong dung dich loc dugc xac dinh theo TCVN 6202: 2008. Dix liéu thuc nghiém thu duoc duoc
danh gia mac do phu hop véi cac phuwong trinh hap phy Langmuir va Freundlich dé x4c dinh co ché hap
phu P ciia dat.
Thi nghiém dong hoc duogc thuc hién véi ndng do P ban dau (Co) 1a 133 mg P/L, tuong ty nhu quy trinh thi
nghiém can bang. Quy trinh thi nghiém bao gom: Thiét lap diéu kién thi nghiém: Sur dung 1,5 g cac mau
dat da v, twong tu nhu thi nghiém can bang. Lay mau theo thoi gian tai cac thoi diém dinh trude (0, 30, 60,
120, 240 va 360 phut) trong qua trinh thi nghiém. Cac budc tach, loc, phan tich nhu thi nghiém can bang
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[18]. Dfr liéu thy dqc_)’c tur thi nghiém dong hoc dugc sir dung xac dinh su phu hop theo hai mé hinh dong
hoc hap phu pho bién: hap phu bac 1 va bac 2.

2.5 Xirly dir li¢u thi nghiém
2.5.1 Tinh toan

Céc cong thirc tinh toan nhu higu suat thu hdi, cac phuong trinh can bang, dong hoc hap phu dua theo
nghién ctru trude do [15]
Hiéu suat thu hoi than

khoi lwong thu dwoc

% hié at thu hoi = — ' 100 1
o et Suat Tt ol = 16 lwong mau vat liéu kho @)

Tinh toan )
Dung Iwgng hap phu:
(Cy—C).V
q; = —m l )
Trong do:
Th§ tich dung diCh’V, L
Khoi lwgng mau dat m, gam
Ham lugng P ban dau Co, mg/L )
Ham lugng P tai thoi diém cén bang Ci (mg/L);
Dung lugng hap phu P tai thoi diém can bang g;, (mg/gam)
Phuong trinh theo Langmuir:
1 1 1 1. 1 @)
@ KiqoCi o
Trong do: Dung lugng hap phu P cuc dai o (L mg™).
Hang sé hap phu Langmuir K. (L mg™).
Phuong trinh theo Freundlich:
gi = y/m = Ke.GiV'F
1
Hay: Logq; = n—logCi + logKp 4)
F

Céc hang s6 md hinh: Kr va 1/n¢
Tinh toan dong hoc )
Phuong trinh dong hoc hap phu bac 1:

Ln(qe — q¢) = —kq it + Lng, (5)

Phuong trinh dong hoc hap phu bac 2:
1 1 1 1 6)
9 kit qe (

Trong do:

t 1a thoi gian khao sat, phut

Qe dung lugng hap phu P tai thoi diém can bang (mg gam™)

q: dung lugng hap phu P tai thoi diém t (mg gam™)

ki va k 1a hang sb van téc hap phu gia bac 1, bac 2.

252  Xirly sb ligu
Phuong phép thong ké: Thu thap va xi Iy dir liéu, tat ca dir liéu thu thap bang phan mém Microsoft Excel.
Dé dam bao do tin cay cta két qua, phuong phap 1ip mau duge ap dung trong qué trinh phan tich. Céc thi

26



Tdc gia: Nguyén Vén Phuong va Nguyén Khanh Hoang

nghiém duoc lap lai 3 1an. Phan tich thdng ké, phan tich ANOVA mét chiéu duoc thuc hién trong phan
mém SPSS 20.0 dé kiém tra tinh ddng nhat cia phuong sai giita cac nhom dir liéu. Khi p < 0,05, ¢ thé két
luan rang co sy khac biét dang ké vé phuong sai giita cac nhom. Phan tich so sanh trung binh: Sau khi xac
dinh tinh dong nhit cia phuong sai, phuong phap so sanh trung binh duoc sir dung dé xac dinh sy khac biét
giita cac gia tri trung binh cila cac thi nghiém. Méi twong quan Pearson duoc thuc hién trén phan mém
SPSS d¢ danh gia mdi lién hé gitra cac cip bién trong nghién cuu.

3 KET QUA VA THAO LUAN
3.1  Thanh phén, tinh chit miu dit va than sinh hec

Bang 1, cho thdy vai gia tri dung trong 1a 1,56 g/cm® cho thiy dét nghéo mun va chit, két qua twong tw da
tim thay trong nghién ctru cua Vii Thuy Duong va cong sy cho dung trong 1a 1,53 g/cm?® véi dat xam [19].
pH theo thyc nghiém xac dinh 1a 5,54. Pat tai noi nghién ctru 6 ti trong 1a 2,64 thudc loai dat chat.

Bang 1. Céc gié tri phan tich miu dat

Chi tiéu Két qua SD
pH 5,54 0,02
Ti trong 2,64 0,09
Dung trong, g/cm?® 1,56 0,08
Ham lugng TOC, % 0,47 0,01
Ham luong lan kha dung, mg/kg 20,74 1

Theo Kiécxandp cho thdy mau dat nghién ctru ¢ 1an dé tiéu 20,74 mg/kg thudc loai nghéo (<30 mg/kg),
két qua nghién ctru tuong ty voi phan tich ciia Loc va cong su, trong dat xam & Binh Duong trong khoang
3,7 dén 35,3 mg/kg [20], dat xam tinh Phu Tho 20-45 mg/kg [21]. Ham lwong TOC 0,47% thudc loai c6
chét hitu co thap, két qua tuong dong voi dat xam tinh Phu Tho dao dong 0,5-4,0% [21]

3.2 Hiéu suit thu hdi, mét sé dic tinh caa than sinh hoc

S6 liéu trong Bang 2, cho thay hiéu suat thu hoi than giam dan khi nhiét do ting tir 300°C dén 600°C, 1an
luot dat 61,4%, 51,6% va 48,0%, ¢ thé do su gia ting su bay hoi ciia cac hop chat hiru co trong nguyén
liéu & nhiét d6 cao hon [15]. Phan tich One-way ANOVA, hiéu suét thu hdi bang phan mém SPSS 20 (p <
0,05) cho thay khong c6 su khac biét dang ké v& hiéu suat thu hdi giita than nhiét phan & 450°C va 600°C.
Diéu nay cho thdy & nhiét do 450°C, hau hét cac hop chét hitu co dé bay hoi di giam manh din d&n hiéu
suat thu hoi than khong thay ddi nhiéu & nhiét 6 cao hon.

Theo bang 2, ham luong carbon téng (TOC) trong than sinh hoc giam dan khi nhiét d6 ting. O 300°C, ham
luong TOC 14 24,2%, trong khi & 600°C, con s6 nay chi con 11,0%. Hién tugng nay dugc giai thich boi su
phan huy ¢ nhiét d cao ciia cac hop chét hitu co. Két qua nay 1a tuong tu véi nghién ctru cua Yavari et
al.,[22]. Phan tich so sanh gia trj trung binh TOC ctia ba mau than sinh hoc nhiét phan & cac nhiét do khac
nhau bang phan mém SPSS 20 (p < 0,05) cho thiy c6 su khac biét dang ké vé& ham lwong TOC giita cac
mau than ¢ cac nhiét d6 khac nhau (Bang 2). Piéu nay khang dinh rang nhiét do nhiét phan anh huong dang
ké dén ham lugng TOC trong than sinh hoc.

Bang 2. Hiéu suat thu hdi va mét sb tinh chat than sinh hoc

i\”get do nhict phan :ﬁu r'j(:f“ SUt oroc oM OHo CEC, mmol/kg
300 61,40 242° 735  699° 179°

SD 0.1 05 006 003 4

450 51,6° 1420 1001°  9,62° 162"
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SD 59 0,5 0,00 0,04 15
600 48,0 11,02 10,76° 10,42¢ 1292
SD 1,2 0,0 0,07 0,02 8

Su khac bigt co y nghia khi c6 cac chir **%* trong cung 1 cot.
Bang 3. Tuong quan gitta cac thong so thu dugc tu than sinh hoc

t°C % H pH pHpzc %TOC CEC, mmol/kg
t°C 1 -0,882™ 0,951™ 0,862 -0,96™ -0,911"
%H 1 -0,892" -0,867" 0,875 0,602
pH 1 0,966™ -0,998"  -0,811"
pHpzc 1 -0,977" 0,713
% TOC 1 0,832™
CEC, mmol/kg 1

** v nghia & muc 0,01.
* y nghia & muc 0,05.

Bang 2 cho thay pH ting khi nhiét d6 nung ting. Cu thé, pH 7,35; 10,01; 10,76 twong tng Véi nhiét do 300;
450; 600 °C. Piéu nay dugc ly giai chi yéu 1a do cac nhom chirc axit hiru co nhuw -COOH va -OH giam khi
nhiét do nhiét phan ting [23]. Két qua xac dinh ciing twong dong véi nghién ciru cua Suppadit et al. khi
phan chim cuat dugc nhiét phan & 500°C c6 pH 9,6 [24]. Phan tich cac mau than sinh hoc 450°C va 600°C
cho thay tinh kiém cua than, ching to sw mat di cta cac nhom axit hitu co trong qua trinh nung [25]. Bdng
thoi, cac ion kiém va kiém thd duoc gir lai. K&t qua nghién ciu (Bang 2) cho thiy pHpzc (diém dang dién)
cua than sinh hoc tiang khi nhiét d6 nung ting. Cu thé, pHpzc ting tir 6,99 (450°C) 1én 10,42 (600°C). Phan
tich thong ké One-way ANOVA cho thay pHpzc ciia 3 mau than sinh hoc 1a khac biét dang ké. Pidu nay
khang dinh thém anh huong to 16n cua nhiét d6 nung dén cac thong s6 pH va pHpzc ciia than sinh hoc.
Bang 2, cho thay CEC giam khi ting nhiét dg, cu thé lan luot 1a 179, 162 va 129 mmol/kg tuong Gng Véi
than duoc diéu ché ¢ 300, 450 va 600°C. Két qua 1a cao hon trong nghién ciru cua Suppadit et al. (65
mmol/kg) c6 thé do chung loai thirc in st dung, cach diéu ché than (500°C va giir trong 5 gid) [24].

Bang 3 cho thiy nhiét d nhiét phan c6 médi twong quan nghich chat véi %H, TOC va CEC lan luot 14 0,88;
0,96 va 0.911 (p<0,01), didu nay cho thay khi nhiét do ting viéc mat nudc, cac hop chit hitu co d& bay hoi
lam giam khéi lugng than sinh hoc thu dugc va kéo theo TOC giam. Hon nita, khi nhiét do nhiét phan tang
1a giam cac nhom chiic chira Oxy, kéo theo CEC giam. Nguoc lai, pH, pHpzc lai ¢6 mbi tuong quan dwong
vé6i nhiét do nhiét phan 1an luot 14 0,951 va 0,862 (p<0,01), cho thiy c6 su suy giam cac nhom chirc axit
yéu trén bé mat than sinh hoc.

3.3 Anh hwéng cia ndng dd P ban dau

Anh huéng cua nong d6 P ban dau (Co): Theo nghién ctru, dung lugng hap phu phot pho (q) cua dat Acrisol
Tay Ninh (khong bo sung than sinh hoc) ting dan tir 0 1én 1,20 mgP/g khi nong d6 P ban dau (Co) tang
trong khoang 0 - 400 mg/L theo P (Hinh 1a). Diéu nay cho thdy kha ning hip thy P ciia dét ting theo nong
do P trong dung dich, tuy nhién c6 dau hi¢u béo hoa khi Co cao. Khi phén tich thong ké dung luong hap
phu, két ‘qua phén tich thong ké trén phan mém SPSS 20 cho thay khong c6 sur khac biét dang ké vé dung
lwong hap phu P giira cac ndng do dau 266 va 400 mg/L theo P. Piéu nay cing ¢b thém cho nhan dinh vé
xu hudng bio hoa hip phu P cua dat Acrisol Tay Ninh & ndng d6 cao. M6 hinh hoa qua trinh hap phy, viéc
ap dung cac md hinh Langmuir va Freundlich ¢é mé ta qua trinh hip thu P cho thdy sy phu hop cao cua ca
hai mé hinh véi dit liéu thuc nghiém (Bang 4). M6 hinh Langmuir cho hé sé tuong quan (R?) = 0,95; hang
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s6 Langmuir (KL) = 0,008 L/mg, dung lwong hip phu téi da (qo) = 1,19 mgP/g. Két qua thu tir mé hinh
Langmuir (o = 1,19 mgP/g) gan sat v6i gia tri thuc nghiém q(n) = 1,21 mgP/g, cho thay tinh chinh xéc
cao ciia mo hinh nay trong viéc du doan qo cta dit Acrisol Tay Ninh. Bén canh d6, mé hinh Freundlich cho
R? = 0,98; hing s6 hap phu Freundlich (K¢) = 0,02 mg/g; (nF) = 1,38 ( ne >1), cho thiy qua trinh hap phu
P dién ra thuan loi trén dat Acrisol cia Tay Ninh. Do d6, ca hai mo hinh Langmuir va Freundlich déu phu
hop dé mé ta qua trinh hap phu phét pho cua dat Acrisol (Tay Ninh). Két qua nghién ciru nay cung cap
thong tin hiru ich dé danh gia kha ning giit P cua loai dat nay va hd tro viéc st dung hop 1y phan bon phét
pho trong san xuat nong nghiép. Trong truong hop voi dt & than sinh hoc 300°C (Hinh 1b), cho thay khi
Co tang trong khoang 0 - 400 mgP/L thi q tang tir 0 1én 1,54 mgP/g. Két qua phan tich One-way ANOVA
cho thay q thay doi 1a khong dang ké khi Co & 266 va 400 mgP/L (Hinh 1b). Diéu nay cho thiy qué trinh
da dat trang thai bdo hoa theo diy ndng d6 ban dau. Két qua tinh toan theo mé hinh Langmuir (Bang 4),
v6i R? = 0,94; K =0,006 L/mg; qo=1,54 mgP/g (phi hop véi két qua thi nghiém) va mé hinh Freundlich cé
R?=0,99; Kr=0,03 mg/g; ne = 1,46 1a phu hop.

V6i mau dat i véi 4 % than sinh hoc dwoc nhiét phan ¢ 450 °C (Hinh 1c¢), cho thay khi Co tiang trong khoang
0 - 400 mgP L-1 thi dung lwong hap phu q ting tir 0 1én 0,65 mgP/g. Két qua phan tich su sai khac cac gia
trj trung binh cua g (mg/g) theo ndng d6 P ban dau cua mau than nung & nhiét d6 300 °C trén SPSS 20 cho
thiy 1a khong dang ké khi Co& 133, 266 va 400 mgP L-1 (Hinh lc) cho thdy qua trinh di dat trang thai bio
hoa theo ddy nong d6 ban dau. Két qua tinh toan cac thong sé hap phu cho thdy qua trinh hap phu P 1én dat
Acrisol ctia Tay Ninh bd sung 4% than 450° theo m6 hinh Langmuir c6 R? = 0,96; K. =0,04 L/mg; ¢o=0,68
mgP/g (phtl hop vai két qua thi nghiém) va mé hinh Freundlich c6 R? = 0,97; K¢=0,16 mg/g; nr = 4,07.
Kha ning hap phuy lan ctia dt u voi 4% than sinh hoc nung ¢ 600°C: theo nghién ctu, g cia dat u voi 4%
than sinh hoc nung ¢ 600°C (Hinh 2d) tang dan tir 0 1én 1,14 mg/g khi ndng d6 P ban dau (Co) ting trong
khoang 0 - 400 mg/L theo P. Piéu nay cho thiy dung lugng hap phu P cia dat o vai than sinh hoc 600°C
tang theo ndng do P trong dung dich, tuy nhién c6 du hiéu bao hoa khi Co cao. Dau hiéu hap phu bio hoa
dugc cing ¢b boi két qua phan tich théng ké trén phan mém SPSS 20. Phén tich cho thdy khong c6 su khac
biét dang ké vé dung luong hap phu P giita cac nong do dau 266 va 400 mg/L theo P ddi vai dét 1 véi than
sinh hoc 600°C. Piéu nay khing dinh xu huéng bio hoa hip phu P cua loai dat nay & nong dé cao. Két qua
tinh toan cac thong sé hap phu cho thdy qua trinh hap phu P 1én dat a vai 4 % than sinh hoc 600 °C véi mo
hinh Langmuir ¢6 R? = 0,97, K.=0,03 L/mg gm=1,12 mg/g (pht hop véi két qua thi nghiém) va mé hinh
Freundlich c6 R? = 0,99; K=0,14 mg/g; ne = 2,71 (Bang 4).
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Hinh 1. Dung luong hip phu P cua dat va dét u.

Céc chir *P¢9¢ thé hién sy khac biét dang ké
Két qua thuc nghiém va tinh toan dya trén mé hinh Languir, Bang 4, cho thay véi dat a vai than sinh hoc
duoc nhi¢t phan ¢ 300°C lam tang dung luong hap phu cua dat tir 1,21 1én 1,54 mg/g (thuc nghiém), tir 1,19
1én 1,73 mg/g (tinh toan). Nguyén nhan c6 thé do chénh léch gia tri pH duoc do, mau dat sau cin bang hap
phu P 14 5,5 trong khi v6i mau c6 4% than sinh hoc 300°C cho pH dao dong 6,7-7,0. O pH nay cac hop chat
nhu carboxyl, OH" c6 trong than sinh hoc tich dién duong (pHpzc 6,99) s€ gbp phén tang dung luong hap
phu 1an tir dung dich. Tuy nhién, khi mau dit chira than & 450 va 600°C thi qua trinh hap phu lan trong dat
S0 voi dat khong u voi than  sinh hoc va than 300°C. Diéu nay co thé duoc 1y giai do pH miu dét phéi ting
khi can bang, cu thé véi mau dat chira than 450°C pH 1a 7,0 — 7,3 16n hon pHpzce (6,99) nén bé mat than
tich dién am, cac hop chit nhu carboxyl, OH" canh tranh véi P & cac vi tri hap phu trong dat. Nhung v6i
mau dat chira than 600°C (pH do 7,3-7,5) dung lwong hip phu ting 1én so v6i mau dit chira than 450°C, c6
thé 1a do ham Iuong hitu co trong than giam khi tang nhiét do, két qua ciing twong dong véi nghién ciru ciia
Tran Thi Tuyét Thu & Hoang Thi Minh Ly két luan rang dt giau chét hiru co thi hap phu phdt pho thap
[26], cu thé, TOC trong than dugc diéu ché ¢ nhiét do 450 °C c6 TOC cao nhat 14,2 % so vai ¢ 600 °C 1a
11,0%.

3.4 Bang 4. Cac thong sb hap phu P

Mau dit phéi Céc thong 56 R? a(TN)
do (Mg/g) Ke

M6  hinh Dat 1,19 0,008 0,95 1,21

Langmuir P4t + 4% Than 300°C 1,73 0,006 0,94 1,54
Dét + 4% Than 450 °C 0,68 0,040 0,96 0,65
Dt + 4% Than 600 °C 1,12 0,030 0,97 1,14
Mau dét phdi N Kr R2

A it 1,381 0,018 0,980

v dlliléﬁh Dét+ 5% Than 300°C 1458 0026 0,990
Dét + 5% Than 450 °C 4,065 0,160 0,970
Dét + 5% Than 600 °C 2,710 0,139 0,990

q(TN): dung lugng hap phu P thuc nghiém, mgP/g;
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Phuong trinh déng nhiét Langmuir cho thay réng cac Vi tri hoat dong trén bé mit cia chat hap phu dugc
phan bd dong déu va qua trinh hap phu don lop dién ra trén bé mat. M6 hinh dang nhiét Freundlich gia dinh
rang sy hap phu xdy ra trén bé mit khong dong nhat. Véi gia dinh nhu trén thi qua trinh hap phu lan 1én
mau dat va mau dat u voi 4% cac dang than bi chi phdi boi ca hai qua trinh 1a hap phu vat 1y va hap phu
hoéa hoc.

Két qua nghién ctru cho thay véi mau dat Acrisol cua Tay Ninh khi phéi tron véi 4% than sinh hoc duoc
nhiét phan tir phan chim cut & cac nhiét do khac nhau da khong cho thay xu huéng rd rang trong hap phu
lan. Két qua nghién ciru ciing trong déng véi nghién ciru cua Hollister et al., [27] va cua Yao et at., & 200,
450 va 600 °C [28].

3.5  Pong hoc hap phu P

Dir liéu dong hoc, Hinh 2, Bang 5, cho thiy ¢ ham luong Co khao sat sy hap phu P ting nhanh trong 30
phut dau tién & hiu hét cac miu nghién ciru, ting cham va dat bdo hoa trong 90 phut ké tiép véi cac maiu
d4t khong bd sung than (Hinh 2a), dit u voi than 300 (Hinh 3b) va 450°C (Hinh 2c). Riéng miu dt o voi
than 600°C dat trang thai bio hoa sau 30 phut (Hinh 3d). One-way ANOVA trén SPSS 20 ciing di khang
dinh & 30 phut 1a khac biét dang ké so voi ban dau. Trong khi, cac gia tri dung lugng hap phu sau 90 phut
tang khong dang ké, dac biét, mau dat u véi than 600°C céc gia tri dung lwong hap phu sau 30 phut ting
khong dang ké, Hinh 2d.

Qua trinh hap phu c6 thé 1am ba giai doan khac nhau: (1) su khuéch tan mang long thiic day su chuyén P
tir dung dich dén bé mit cua than sinh hoc (0-30 phiit) va cac vi tri hap phu cua than sinh hoc rat nhiéu va
dé dang tuong tac P; (2) khi céc vi tri hép phu tréng con lai va ndng do chat tan giam, su khuéch tan trong
hat dan dan cham Ial (45-90 phut) va (3) khi cac vi tri hdp phu hoan toan bio hoa, phan tng hap phu dat
trang thai can bang (120-360 phut). Can ctru vao cac dir liéu thyc nghiém cho thdy van toc hap phu dugc
Kiém soat boi giai doan 3, khuéch tan vao bén trong.

Panh gia dong hoc hap phu phét pho: Bé hiéu rd hon vé co ché va toc do hap thu phét pho (P) 1én dét u voi
than sinh hoc, ciac mé hinh déng hoc da duoc ap dung. Két qua tinh toan R? va qe (Bang 5) cho thiy mo
hinh béc 2 pht hop nhit dé mé ta qua trinh hap phu P trong cac truong hop nay. V& giai thich sy phu hop
ctia md hinh bac 2: M6 hinh béc 2 thé hién méi quan hé phi tuyén tinh gilra tdc do hap phu P va nong do P
con lai trong dung dich. Diéu nay phu hop véi thuc té rang qué trinh hap phu P 1én than sinh hoc c6 thé bi
anh hudng boi nhleu yéu t6, bao gom dién tich bé mit, ciu trac 15 rdng, va tinh chat hoa hoc cua than sinh
hoc, ciing nhu néng d6 P trong dung dich. Do d6, viéc sir dung mé hinh déng hoc bac 2 dé mé ta dong hoc
hap phu P trong nghién cttu cho thiy qua trinh nay dién ra theo co ché phirc tap, phu thudc vao nhiéu yéu
t5. M6 hinh nay c6 thé duogc st dung dé du doan hiéu qua hip thu P cua than sinh hoc trong cac ing dung
thuc té, gop phan t6i wru hoa viéc sir dung loai vat liéu nay trong cai tao dat va quan 1y dinh dudng cay
trong Cu thé, véi md hinh dong hoc bac 1, cac hé sb tuong quan cao (R2 dao dong 0,90 — 0,98 ngoai trir
mau dat khong bo sung than 14 0,68). Tuy nhlen q(TN) ctia mau dat va mau dat @ véi than 300, 450, 600°C
¢6 ge lan luot 0,50; 0,74; 0,72 va 0,76 mg/g 1a rét khac so voi gi4 tri tinh toan tir mé hinh 0,26; 0,21; 0,24
va 0,08 mg/g, Bang 5. M6 hinh dong hoc bac 2 phu hgp hon khi so sanh v6i mo hinh dong hoc bac 1, mé6
hinh dong hoc béc 2 cho thiy d6 phu hop cao hon trong viéc mé ta qua trinh hap phu phét pho (P) 1en dat
va dat o véi 4% cac dang than sinh hoc. Diéu nay duoc thé hién qua hé sé tuong quan cao R? dao dong tur
0,92 dén 0,96 (Bang 5). Hon nita, ge tinh toan tir mé hinh dong hoc bac 2 ciing gan sat véi g(TN) (Bang 5).
Diéu nay cho thay mo hinh nay c6 kha nang du doan chinh xac dung luong hap phu P cta dat va dét u voi
than sinh hoc. Két qua nghién ctu cho thdy co ché hap phu P 1én dat va dat 1 v6i 4% cac dang than sinh
hoc chu yeu 1a qua trinh hap phu héa hoc. Cac lién két cha yéu bao gom cong két, lién két hydro va trao
ddi ion. Méi twong quan cao gitra R?va hang s6 van toc kz 16n hon (0,462 so véi 0,312; 0,092 va 0 ,052) la
bang chimg o rang cho co ché nay. Cac mau dat @ v6i than c6 nhiét do nung cao hon cho thay hé sé R? va
hang sb k cao hon. Piéu nay cho thiy tdc do hdp phu P 1én dét u vai than sinh hoc ting theo nhiét do nung
cua than.
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Bang 5. Thong s6 dong hoc

Mo hinh  Nhiét d6 nung ((Jreng %) Hang sé dong hoc q (TN) R?
Pit 0,259 ki = 0,002 0,501 0,682
Gid bic 1 Dét + 4% than 300°C 0,208 ki=0,014 0,642 0,903
) bat + 4% than 450°C 0,240 k;=0,001 0,561 0,972
Dit + 4% than 600°C 0,076  k;=0,006 0,760 0,981
Dit 0524 ko = 0,052 0500 0,962
Giabac2 DAt + 4% than 300°C 0,680 k. = 0,092 0,641 0,923
Dét + 4% than 450°C 0,562 k: =0,312 0,562 0,931
Dét + 4% than 600°C 0,768 k, =0,462 0,764 0,950

q (TN): gia tri dung luong thu tir thyc nghiém
4 4.KET LUAN

Nghién ctru nay cho thiy méi tuong quan duong c6 y nghia giira nhiét d6 va hoa hoc bé mat sinh hoc, bing
chung 1a tiang gia tri pH va pHpzc V6i nhiét d6 tang. Nguoc lai, hiéu qua thu hdi, TOC va CEC thé hién méi
tuong quan 4m vai nhiét do nhiét phan. Qua trinh hap phu P dugc mé ta tét boi ca hai phuong trinh hap
phu ding nhiét Langmuir va Freundlich véi kha nang hap phu t6i da cia mau dat o véi than sinh hoc 300°C
1a cao nhit 1,73 mg/g. M6 hinh dong hoc gia bac hai cung cap giai thich pht hop nhat dé giai thich co ché
hap phu P cia mau dat khi 1 véi ca 3 dang than sinh hoc. Phat hién cua nghién ctru da x4c nhan rang mau
dat Arisols & Tay Ninh @ voi than sinh hoc diéu ché tir phan chim cat ¢ 300 °C ¢ kha nang hap phu lan
cao hon 45,4% so véi mau dat dbi chimg (khong bo sung than sinh hoc). Nhitng két qua nay cho thay tiém
nang chién lugc trong tai str dung chit thai chan nudi dé cai thién tinh kha dung cua P cua dat Acrisol cho
san xuat néng nghiép 1a ¢6 co so.

LOI CAM ON

Nghién ctru nay da nhéan du(_)rcvh(:) trg tich cuc cua cac em sinh vién DHKHMT 12A. Nhom tac gia ciing
cam on nhitng nguoi danh gia an danh da gop y rat hitu ich dé bai bao nghién ciru dugc hoan chinh hon.
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PHOSPHORUS ADSORPTION OF HAPPLIC ACRISOLS (TAY NINH) AMENDED
WITH BIOCHAR DERIVED FROM QUAIL DUNG

NGUYEN VAN PHUONG, NGUYEN KHANH HOANG*
Institute of Environmental Science, Engineering and Management, Industrial University of Ho Chi Minh
City
*Corresponding author: nguyenkhanhhoang@iuh.edu.vn

ABSTRACT: Phosphorus (P) is crucial for plant development. A study on the use of quail manure-derived
biochar on the phosphorus adsorption capacity of Happlic Acrisols soil samples (Tay Ninh) was conducted.
Soil incubation experiments with various forms of biochar (pyrolyzed at 300, 450, and 600°C) at a ratio of
4% wi/w for 60 days with maintained moisture of 60% were performed. The incubated samples were air-
dried, sieved, and used for adsorption experiments. Soil samples were exposed to P solutions with
concentrations ranging from 0 to 400 mg/L, and adsorption Kinetics at different time points were also
examined. The results showed that the adsorption data followed both the Langmuir and Freundlich isotherm
equations, with the highest P adsorption capacity observed in soil amended with 300°C biochar (1.73 mg/g).
The pseudo-second-order kinetic model was more suitable for the P adsorption process. The chemical
adsorption mechanism involved chemical interactions between phosphate ions and biochar forms. These
findings suggest the potential application of 300°C biochar to enhance phosphorus adsorption capacity in
Happlic Acrisols soil samples in Tay Ninh province is feasibility).

Keywords: Acrisols soil, adsorption, available P, quail manure, biochar
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