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Tém tit. Phan bon giai phong kiém soat 1a giai phap day htra hen cho sy phat trién clia san xuét nong
nghiép hién dai va ben vimg. Ching giup giam chi phi san Xut, tlet kiém nguon tai nguyén, ting ning suit
va chat luong cay trong, dong thot ngan ngura duoc nhing tac hai vé mdi truong. Muc dich cta nghién ctru
nay 1a nham phat trién, san xuat phan uré giai phong kiém soat va tién hanh xay dung cong thirc sir dung
san pham cho canh tac lua nudc & Viét Nam. Nghién ciru d tién hanh sir dung cong nghé boc hat phén uré
v6i vt liéu boc 1a hon hop polyme phén huy sinh hoc dugc phat trién cac nguyén liéu nhu: poly(vinyl
alcohol), tinh bt bién tinh phot phat va poly(acrylic acid). Pic trung cta san pham duogc xac dinh bang
kinh hién vi quang hoc, kinh hién vi dién tir quét, phuong phap phan tich hinh anh va so sanh véi cac san
pham uré khac. Nghién ctru ciing d3 thiét 1ap co ché va mé hinh toan qua trinh giai phong uré cia san pham,
tir d6 xac dinh dugc thoi gian tré 1,5 gid, thoi gian 6n dinh 13,73 gio, ti 1& giai phong 6n dinh 0,548, hé s6
khuéch tan nudc 1,47 x10° m¥h va hé s khuéch tan uré qua mang 2,2x10°® m?/h. Cac két qua nay dugc
sir dung d¢é tinh toan, danh gia su phu hop giita lugng uré giai phong va nhu cau cta cdy lua nudc, dé xuat
dugc cong thirc sir dung san pham dap tng cho diéu kién canh tac lta nudc ¢ Pong Bing Song Ciru Long
(BBSCL).

Tir khéa. Polyme phan huy sinh hoc, cong nghé boc hat, phan uré giai phong kiém soat, la nudc.

1 GIOITHIEU

Phén bén hiéu suét cao dugc sir dung ngay cang phd bién trong san xuat nong nghiép hién dai. Hiéu suét
st dung phén bon loai ndy cao hon nhiéu so v6i phén bon thong thudng, giup tiét kiém lugng phan bon va
nguodn tai nguyén st dung, giam chi phi san xuét va tac dong moi truong, dong thoi ndng cao ning suét va
chat lugng ngudn luong thyc [1- 3]. Trong d6, phan bon gidi phong kiém soat (CRF), con dugc goi 1 phan
bon thong minh (SF), duoc san xut bang cong ngh¢ boc hat [4], [5] v6i vat ligu duge sir dung lam mang
boc khong tan, ban thim, hodc khong thAm nude. Mang boc gilp giam kha nang thim thiu ctia nudc, klem
soat dugc tbc do giai phong chit dinh dudng, dam bao cung cp luong chit dinh dudng phu hop nhu cau
cay trong [6].

Muc ti€u chinh cho vi€c phat trién CRF 1a nham quan ly ham lugng dinh dudng giai phong twong thich
voi nhu cdu clia ciy trong, kha nang phan tan trong dat, tac dong moi truong va tich ty 1au dai sau nay. Nhu
cau dinh dudng cta cay trong thay ddi trong sudt thoi gian sinh truong tir cac giai doan sinh dudng, qua
céc giai doan sinh san va dén khi truong thanh. Ngoai ra, n6 con phu thudc vao phuong phap canh tac, diéu
kién khi hdu, tinh chat ngudn nude sir dung, dic diém cua thd nhudng va loai cdy trong [3]. Pudng cong
mo ta su blen d6i ham lugng chat dinh dudng cua CRF ly tudng theo thoi gian phai tuong thich v6i duong
cong nhu cau dinh dudng cua cdy trong nhu Hinh 1 [3]. Vi vy, mdt nghién ctru v€ san xuét, dac tinh va
mb hinh toan qua trinh giai phong dinh dudng ciia CRF 1a rat can thiét dé tir d6 c6 thé danh gia, du doan
va dinh huéng thiét ké mot san pham phu horp v6i yéu cau ciia loai cdy trong.

Cac nghién ctru cho thay rang qua trinh giai phong dinh dudng cta cac loai CRF phu thude vao cac yéu
t6 moi truong nhu loai dat nhiét do, do a am, mirc nude canh tac, phuong phéap bon, d pH cua dat va hoat
dong cua vi sinh vat, va yéu td bén trong nhu ciu trac, do am, khd nang thAm nudc ciia mang boc [1], [3].
Mot s6 mo hinh giai phong chét dinh dudng cia CRF duge dé xuat boi cac nghién ciru ctia Du va cong sur
(2008) [7], Irfan va cong su (2017) [8] nhu Hinh 2.
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Hinh 1: Su dong b giita sw giai phong chét dinh Hinh 2: M6 hinh giai phong chét dinh dudng cua CRF:
dudng ctia phan bdn 1y tuong Va yéu cau chét dinh (1) co ché pha v&, (2) co ché mang siéu hp phu va (3)
dudng cua cy trong co ché khuéch tan.

Hinh 2 cho thiy sy bién d6i ham luong dinh dudng theo co ché pha vo va co ché mang boc siéu hip
phu (duong cong (1) va (2)) la twong tu nhau, chi khac nhau thoi gian tré va d6 ddc cta duong cong. Sau
khoang thoi gian tré, ham luong chat dinh dudng tang nhanh va dung lai khi giai phong hoan toan. Piéu
nay cho thay, mang boc chi giup thay d6i thoi diém giai phong chir khong lam thay dbi toc do giai phong,
ham lugng cht dinh dudng khong tuong thich véi dudng cong nhu cu chat dinh dudng cia cay trong nhu
Hinh 1 [1]. Nguoc lai, m6 hinh giai phong dinh dudng theo co ché khuéch tan (duong cong 3) cho thay su
tuong thich v€ hinh dang gitra duong cong md ta sy blen d6i chat dinh dudng va nhu ciu cay trong. Mot
san pham CRF 1y tudng duoc thiét ké véi thoi gian tré, tbe do khuéch tan thich hop s& dam bao tuong thich
hoan toan hodc mot phan duong cong nhu cau. Vi vdy, co ché giai phong chit dinh dudng ciia CRF thudng
dugce xac dinh dya vao co ché khuéch tan gua mang va dugc xac dinh gém 3 giai doan: thdm nudce, hoa tan
va khuéch tan ndi tiép nhau, mé ta nhu Hinh 3 [9], [10] va cu thé:

o Giai doan dau, nuéc xam nhdp vao trong hat va hoa tan mot phén phéan bén trong hat. Thé tich bi
gi6i han boi phan khong gian rdng trong hat rin va 16p boc. Trong luong cua hat ting nhe dong thoi
véi ap luc bén trong.

e Giai doan tht hai, chit dinh dudng hoa tan vao trong nudc va dat dén trang thai bio hoa bén trong
hat, diéu nay cling gay ra sy tich tu ap lyc va tao dong lyc qua trinh khuéch tan.

e Giai doan thir ba 1a giai doan khuéch tan. Nong d6 (bio hoa) khong d6i nén dong luc qua trinh khong
ddi do d6 tde do qua trinh khuéch tan khong doi. Cac két qua thue nghiém cho thiy khéi luong hat
thuc té thay d6i khong dang ké trong giai doan nay, bai vi lugng chét dinh dudng bi giam do khuéch
tan dugc thay béng luong nudce lién tuc xadm nhép vao hat. Khi 16i hat hoa tan hoan toan, néng do
ctia dung dich bén trong s& giam do bi pha lodng va dong luc cho qua trinh khuéch tan ciing giam.
Tbc do khuéch tan rat cham tao ra mot loai hiéu ung duoi kéo dai.

Nudce

(@ (b) (c) (d)

Hinh 3: Co ché giai phong dinh dudng qua mang boc: phan bon giai phong kiérp sodt (a), giai doan thdm nudc (b),
giai doan hoa tan (c) va giai doan giai phong hay khuéch tan (d)

Téng hop cac nghién ciru cho thiy nhitng CRF dugc xem cé tinh img dung va hiéu qua chi khi chiing
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tuong thich, dap tng dwoc nhu cu cua cdy trong. CRF phai dam bao dugc cac diéu kién thoi gian, toe do
giai phong va ham lugng chat dinh dudng trong mdi truong. Trong nghién ctru nay, phan uré giai phong
kiém soat (CRUF) dugc san xuat bang cong nghé boc hat vai vat liéu boc hdn hop polyme phéan hily sinh
hoc, ré tién, d& tong hop. Tiép theo, dua trén hinh anh CRUF qua cac giai doan qua trinh giai phong uré va
duong biéu dién quan hé ti 18 giai phong uré theo thoi gian, co ché giai phong uré cua san pham duoc ching
minh phii hop véi co ché khuéch tan qua mang. Piéu nay dam bao san pham thu dugc dat tiéu chuan cta
phan bén giai phong kiém soat. Sau d6, md hinh toan qua trinh giai phong uré theo co ché khuéch tan  cling
dugc xac dinh dya trén dinh lut Fick II va tinh toan bang phuong phap sai phan hitu han (FDM). Két qua
tinh todn mo phong két hop véi ket qua thyc nghiém giup xac dinh cac thong s6 qua trinh giai phong uré
cua san pham Nghién ctru ciing tién hanh khao sat va xac dinh mot duong cong nhu cau uré cua cay lua
nuéc & Pong Bang Song Cuu Long. Tur d6, sir dung m6 hinh dé tinh toan, danh gia sy phu hop va twong
thich gitra duong cong nhu ciu cay trong va dudng cong giai phong uré, va dinh hudng cho viée sir dung
CRUF trong trong trot mot cach phu hop.

2  THUC NGHIEM VA TiNH TOAN MO HINH

2.1 Phuwong phap thuc nghiém

2.2.1 San xuit phan uré giai phong kiém soat

Vit liéu boc duoc tong hop cac nguyén liéu bao gdm tinh bot bién tinh phdt phat (PS, Nam Bao Tin, Viét
Nam); poly(vinyl alcohol) (PVA, HiMedia, An Do); Natri tetraborat (Na2B;07.10H,0, 99,5%, Xillong,
Trung Qudc); poly(acrylic acid) (PAA, Nuplex Resins, Viét Nam). Cac nguyén liéu nay déu co kha ning
phan huy sinh hoc, ¢6 san va than thién v6i mdi truong. Quy trinh téng hop dung dich duoc md ta trong
cong bo clia cac tac gia nam 2019 [11]. Dung dich sau khi tong hop duoc kiém tra va didu chinh d6 nhét
bang cbc do nhét ké Prona RV2. Quaé trinh phun tao mang boc dugc thuc hién trén hé thong phun ty dong
Prona.

Hat uré nguyén liéu sir dung 13 uré thuong mai hat duc cia Cong ty Phan bon Dau khi Ca Mau. Nguyén
liéu dugc phan loai bang hé thong ray co kich thudc tir 2,8 dén 4,75 mm ciia hing RETSCH (Dirc) trudc
khi cho vao thiét bi boc. Qua trinh boc dugce tién hanh trong hé théng boc hat dang dia quay c¢6 duong kinh
0,5 m. Cac thong sd chinh ciia hé thong bao gom: d nhét dung dich phun 0,05 Pa-s, khoi lugng vat liéu 50
g, goc nghiéng cua dia quay 40°, luu luong phun 1,5 ml/phut, thoi gian boc 60 phut, toc do quay 60
vong/phut, nhiét do tac nhan sy 70 °C va luu luong tic nhan 45 m¥h. San phim sau boc tiép tuc dugc siy
& 70 °C, trong 15 phdt.

Céc san phidm phén uré thuong mai dugc st dung dé so sanh véi san pham CRUF bao gdm: uré hat
trong Phtt My (UPM), uré hat duc Ca Mau (UCM), uré — Agrotain (UBD) san xuét bai cong ty phan bén
Binh Dién va phan uré thong minh (giai phong kiém soat) nhan hiéu RYNAN (URN) ciia Cong ty TNHH
K§¥ thuat RYNAN.

2.2.2 Xac dinh ti 1€ giai phong uré
Ti 1€ giai phong uré (g;) dugc xac dinh theo phuong trinh (1)

gi =~ 1)

Trong d6, C; 1a ham lugng uré hoa tan ctia cac san pham tai cac thoi diém 1dy mau, C, 1a ham lugng uré
hoa tan hoan toan duoc xac dinh bﬁng cach cit 0,50 g hat san phém cho vao 100 mL nudce tinh khiét, khuéy
trong 30 phut véi toc do 200 vong/phit. Qué trinh xac dinh C; dugc tién hanh bang cach lay 0,50 g san
pham cho vao 100 mL nudc tinh khiét, giit 6n dinh ¢ nhiét 6 25 °C. Sau mdi thoi gian danh dau, lay 2 mL
dung dich hoa tron v6i 2 mL thudc thir sau d6 dem di xac dinh ham lugng uré bang may do quang
GENESYS 20 (Thermo Scientific, My) [12]. Thubc thir duoc pha tron tir cac nguyén lidu p-dimethyl
aminobenzaldehyde (p — DMAB, HiMedia, An D¢), ethanol (C,HsOH, Xilong, Trung Quoc) va acid
hydrochloric (HCI, 36%, Xilong, Trung Quéc). Qua trinh thuc nghiém duoc tién hanh 1ap lai 3 1an dé dat
d0 chinh xac cao.

2.2 M0 hinh toan qua trinh giai phéng dinh dudng qua mang boc

Duya trén co ché qua trinh giai phong chét dinh dudng (nhu Hinh 3), m6 hinh todn md ta qua trinh gidi
phong chat dinh dudng véi gia thuyét hat c6 dang hinh cau duoc boc mang polyme dong deu, khong bi

109



SAN XUAT VA PINH HUONG SU DUNG PHAN BON URE GIAI PHONG KIEM SOAT...

phan huay, khong ¢ su bién d6i hinh dang va cdu tric trong méi trudng nudc duge Shaviv cong bd nim
2000 [13], gdbm ba giai doan: giai doan ban d4u trong d6 hau nhu khong giai phong (giai doan trd), giai
doan giai phong lién tyc (giai doan toc do giai phong on dinh) va giai phong cham (giai doan gidi han).
2.2.1. Giai doan tré
O giai doan tré, nudc bén ngoai khuéch tan qua 16p mang vao trong hat. Giai doan nay c6 toc do khuéch
tan nude kha 16n nén xem nhu khong dang ké. Tdc do khuéch tan ciia nuéc qua mang duoc xac dinh theo
phuong trinh (2)

dw(t) D,

_Dw . 2
it ~a Ahw @)

Trong do, w(t) 1a khéi lugng nude trong nhan (kg), D,, 1a hé s6 khuéch tan cua nudc qua mang (m?/s),
A = 4mr? 1a dién tich bé mat hat (m?), p,, 12 khéi luong riéng cia nude (kgl mq), d 1a do day 16p mang (m).
Thoi gian tré (t', s) 1a thoi gian luong nude chiém toan bo phan thé tich rdng cua hat, khi d6 khdi luong
nudc trong hat:

wt) =y py-V 3)

Trong 4o,V = gm‘3 la thé tich hat (m?), y 1a ti 18 phan thé tich rdng cua hat.

Thoi gian tré duoc tinh toan bang cach giai phuong trinh (2) voi diéu kién ban dau w(0) = 0. Khoang
thoi gian nay 1a khong dang ké so véi thoi gian khuéch tan phan tir trong qua trinh giai phong dinh dudng.
O giai doan nay ti I¢ giai phong dinh dudng (g(r, d, t)) gan nhu bang khong [14].

2.2.2. Giai doan giai phéng lién tuc
Sau giai doan tré, qua trinh giai phong chat dinh dudng bét dau dién ra, ndng do chat dinh dudng giai phong
dugc tinh todn theo dinh luat Fick II trong hé toa do cau duge mo ta nhu phuong trinh (4). Phuong trinh
nay ciling cho thiy tdc d khuéch tan chit dinh dudng phu thudc chu yéu vao hé sb khuéch tan qua mang,
kich thudc ciia mao quan va bé day ciia mang boc.

oc D 9’C 2 acC 4

a v <6r2+r 6r> @

Trong d6, D, 1a hé s khuéch tan dinh dudng & mao quan cia mang (m%s), € 1a nong d6 chét dinh
dudng (kg/m3), r 1a ban kinh (m). Patu = C - r, phuong trinh (4) duoc bién ddi thanh phuong trinh vi phan
riéng phan nhu phuong trinh (5).

ou 0%u .
ot~ Pug ©)
Diéu kién ban diu cua phuong trinh,
u(r,0) =0 (6)
Piéu kién bién,
u(r =a,t) =Cs-a, t>t' (7)
Véi C, 1a ndng d6 dinh dudng bao hoa bén trong nhan (kg/me), a ban kinh cua I18i (m), b 1a ban kinh san

pham (m).
Téc do qua trinh hoa tan va khuéch tan dinh dudng nhanh nén néng d6 bén trong nhan hat ludn dat ndng
d6 bio hoa. Toc d6 bién ddi kich thude hat nhan theo phuong trinh can bang vat chat:

dRs
Ps* =Ju (8)
J.: tc d6 khuéceh tan qua mang (kg/(s.mZ)). Toc d6 khuéch tan duoc xac dinh theo dinh luat Fick I
ac
Ju=-Dy" or (9)
Suy ra
dR ac
Ps* == =Dy - — (10)

) dt
Ti 1¢ dinh dudng khuéch tan dugc tinh nhu sau:
]u 4amh?t 3-]u-b2-t
g(r.d,t) = 3. (11)
3 T TS ps rS pS

or

. . . p < n £ A \ \ \ ., d e X
Giai doan giai phong lién tuc két thic khi toan bo hat nhan hoa tan hoan toan, tirc % = 0, thoi gian két
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thiic giai doan nay dwoc goi la thoi gian 6n dinh (t*, s).

2.2.3. Giai doan gi6i han

Sau khi toan bd hat nhan trong phan boc hoa tan hoan toan, ndng d6 chat dinh dudng bén trong (C,, kg/m?)
giam dan theo thoi gian, tac la u(r = a,t) # Csa, t > t*. Nong d6 chat dinh dudng duoc tinh nhu sau:

Ce=ps(1—g(r,d, 1)) ) (12)
Tur phuong trinh (11) ta suy ra dugc phuong trinh vi phan khuéch tan
dg 3-D,-Cs
_—=— (13)
) dt ps-r-d
Két hop phuong trinh (12) va (13) ta duoc:
dg 3-D,
A — 14
-7 g 1-9 (14)

Cac phuong trinh vi phén dugc tinh toan mé6 phong bang phuong phap sai phan hiru han (FDM) trén phan
mém MATLAB. Két qua tinh toan mo hinh duoc kiém tra véi cac s0 liéu thyc nghiém dé xac dinh cac
thong sb qua trinh giai phong bang phwong phap lap. CaC gi4 tri hé sb khuéch tan nude va uré qua mang
dugc gia sir dé xac dinh ti 18 giai phong uré. Gia tri hé s6 twong quan (R?) cuc dai giira két qua thuc nghiém
va tinh toan tr mé hinh dugc st dung lam diéu kién dirng mo6 hinh, va dam bao sy twong thich gitra mo
hinh va thyc nghiém.

3 KET QUA VA BAN LUAN
3.1. Xac dinh thong s6 va danh gia chit lwgng phan uré giai phong kiém soat
San pham CRUF dugc san xuét tir hé thong thiét bi boc hat dia quay duge mé ta nhu Hinh 4.

Q35 4
«~m - Nhan

Hinh 4: Hinh anh san phim CRUF (a), anh SEM bé mit hat (b) va anh SEM mit cét hat (c)

Hinh 4a cho thdy san pham CRUF c¢6 kich thuéc dong déu, mang boc hoan toan hat phan. Bang cach sir
dung phuong phéap phan tich hinh anh, dudng kinh trung binh cta hat tinh toan duoc la 4,5072 mm. Anh
SEM bé mit 16p mang boc nhu Hinh 4b cho thiy céu tric bé mit lién tuc, ddng nhit va bao phu hoan toan
nhan hat. Cau triic 16p mang duoc biéu dién nhu Hinh 4c¢ ciing cho thdy mang boc c¢6 do lién két tot, bam
chit, ti 18 16 x6p thap, khong xuat hién vét nut va cac khuyét tat khac. Cho nén, ching gitp han ché kha
ning truong nd, pha huy mang va bay hoi trén bé mit, gidp ting kha ning bao quan va thoi gian giai phong
dinh dudng. Dya vao hinh anh SEM mit cat hat, bang cach sir dung phuwong phap phan tich hinh anh ciing
gilp x4c dinh dugc ti 1¢ phan thé tich rdng ctia hat CRUF 1 1%, d6 day mang trung binh 0,35 mm.

Ti 18 giai phong uré ctia cac loai phan uré thuong mai va san phdm theo thoi gian trong méi truong nude,
tai diéu kién nhiét do 25 °C va pH =7, dugc xac dinh va biéu dién nhu Hinh 5.
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Hinh 5: Ti 1€ giai phong uré cta cac loai phan uré khac nhau

Hinh 5 cho thay thoi gian giai phong cia CRUF va URN (40 = 80 gi®) 16n hon 100 1an thoi gian gidi
phong cia UPM, UCM va UBD (4 + 8 phut). Téc do khuéch tan cac san pham phan bon gidi phong kiém
soét ciing cham hon (d6 déc duong cong nhé hon) nén dam bao duge kha ning cung cap dinh dudng hop
ly, giam that thoat ra ngoai moi truong. D thi ciing cho thiy thoi gian giai phong cta san pharn CRUF san
xuat duoc (80% trong 24 gid) van nho hon so véi URN (80% trong 58 gio). Diéu nay co thé khic phuc,
diéu chinh va cai tién bang cach két hop gitta md hinh toan cong ngh¢ boc hat va m6 hinh qua trinh giai
phéng dinh dudng nhu tang thoi gian boc dé ting bé day mang boc, diéu chinh goc nghiéng dia quay, luu
luong phun va ting téc d6 quay hop 1y s& gitp giam kich thudc 16 x6p ciia mang, giam hé s khuéch tan va
tang thoi gian giai phong.

3.2. Xic dinh thong sé qua trinh giai phong uré ciia CRUF

Hinh &nh cta san phém CRUF qua cac giai doan cua qua trinh giai phong dinh dudng duoc ghi nhan béng
cach sir dung kinh hién vi dién tir quang hoc chup anh mdt cat cua hat va dugc bi€u dién nhu Hinh 6.
\ — _ i

Hinh 6: Hinh anh CRUF tai c4c thoi diém: ban dau (a), 2 gio (b), 6 gio (c), 12 gio (d), 2 ngay (e) va 4 ngay (f)
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Hinh 6 chimg minh giai doan dau nude thim thiu qua mang boc vao trong hat, sau d6 hoa tan 151 phan uré
(nhan hat) tao dung dich uré. Uré khuéch tan tir trong nhan hat qua mang boc ra ngoai méi truong va kich
thudc cua 161 giam dan. Hinh anh ciing chimg minh rang hinh dang, tinh chit mang boc khong thay doi
trong sudt qua trinh khuéch tan trong 2 ngay dau va bat dau bién tinh sau d6 (Hinh 6f) gilp tranh tac dong
dén moi truong. Piéu nay chimg t6 co ché qua trinh giai phong uré cia CRUF tuong thich voi cac giai doan
giai phong theo co ché khuéch tan qua mang dugc méd ta nhu Hinh 4. Két qua tinh toan theo mé hinh va két
qua thuc nghiém ctia qua trinh giai phong uré ciia CRUF dugc biéu dién nhu Hinh 7.

1

L4 R2=0,9931

0.9
0.8
0.7
0.6 4 ®
505
0.4 -
0.3
0.2

0.1 A

o to? 10 ton dinh 5 30 40 50 60
Thai gian giai phong (gio)

Hinh 7: Puong cong mé ta qua trinh giai phong cua san pham CRUF

Hinh 7 cho thay két qua tinh toan tuong thich v&i két qua thuc nghiém thu dugc véi hé sé twong quan
(R?) dat 0,9931. Do thi ciing cho thiy qua trinh giai phong uré ciing chia lam ba giai doan, phil hop co ché
qua trinh giai phong da lua chon. Két qua tinh toan cling da xac dinh dugc gia tri cic thong sb thuc nghiém
qua trinh giai phong nhu sau: thoi gian tré 1,5 gio, thoi gian on dinh 13,73 gio, i 18 giai phong 6n dinh (g*)
0,548, hé s6 khuéch tan nuéc qua mang 1,47 x10°m?/h va hé sb khuéch tan uré 2,2x10°¢ m?/h.

3.3. Panh gia va dinh huéng sir dung san phaim CRUF trong san xuit lia nuéc

Lta gao la mot trong nhirng ciy luong thuc chinh va dong vai tro chién lugc trong an ninh lwong thyc ciia
Viét Nam. Cong thirc sir dung phén bon cho cdy lua phu thude nhiéu vao cac diéu kién san xuit khac nhau
nhu: glong laa, thd nhudng, mua vy, vung trong, diéu kién khi hu, luong nudc s dung,... Theo Trung
tam khuyén nong Qudc gia, lugng phén bon uré sir dung voi gidng laa c6 thoi gian sinh truong tir 95 dén

100 ngay, trén dat phu sa ¢ ving Pong bang song Ctru Long (PBSCL), vu dong xuén dugc chia 1am 4 dot
theo thoi gian canh tac [15] nhu Hinh 8.
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40 60 i 100
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Hinh 8: Lugng phan bon sir dung theo thoi gian sinh trudng cua ciy lia
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DBuong cong luong phan uré trung binh can sir dung theo thoi gian ddi véi cay lta (nhu Hinh 8) cho thiy
luong uré dung nhiéu & giai doan dau va it hon & cac giai doan sau. Trén co s¢ lugng phan uré st dung va
hiéu sudt sir dung (recovery efficiency, Re) trung binh ctia phan uré cho cdy lua & vang DPBSCL 1a 40%
[16], ti 18 nhu cau phén uré (ti 1¢ giita luong uré cay hap thy va tong luong uré can thiét) cia cay laa c6 thé
dugc xac dinh va mé ta nhu Hinh 8. Viéc sir dung CRUF phai dam bao pht hop hoan toan hodc mot phan
duong cong nhu cau nay.

O truong hop thtr nhat, thyc hién bon phan mét lan trong sudt qua trinh canh tac, CRUF dugc thiét ké
sao cho dudng cong giai phong ctia phan bon va dudng cong nhu ciu twong thich nhau. Két qua qua trinh
tinh toan duoc biéu dién nhu Hinh 9 va cac két qua tinh toan téi uu dugc trinh bay trong Bang 1.

1

0.9 ~
0.8 A
0.7 A

0.6
-4 d=155mm
—8—Nhu ciu

- d = 1.4 mm
=4=-d =17 mm
=x=d=1.5mm
—e:d=1.7mm
== d =1.57 mm

0 20 40 60 80
Thoi gian (ngay)

Hinh 9: Panh gia két qua tinh toan luong uré giai phong va nhu ciu ciia cdy lta khi bon 1 lan
Hinh 9 cho thay cac duong cong tinh todn ng v6i cac bé day ciia mang khac nhau c6 su twong thich
v6i duong cong nhu cdu cta cdy lba ¢ giai doan dau (trudc ngay thtr 20). Tir ngay thi 20 tré di, lrong phan

bon cung cap cao hon nhu cau cua cay trdng tao nén sy du thira, sy chénh 1¢ch gilra cac duong cong giai
phong uré va duong cong nhu cau dugce danh gia qua hé sé tuong quan (R?) va dugc biéu dién nhu Bang 1.

Béng 1: Két qua tinh toan théng s6 qua trinh bon 1 1an

x d t t* R?
Mau R \
mm ngay ngay -

1 1,4 £0,098 1,80 13,15 0,9389
2 1,5+0,0375 2,13 15,56 0,9738
3 1,6 £ 0,032 2,49 18,22 0,9797
4 1,7 £ 0,051 2,89 21,16 0,9556
5 1,57 £ 0,047 2,38 17,39 0,9810

Két qua tinh toan trong Bang 1 cho thay hé s0 twong quan 16n nén dam bao sy phu hop gitra duong cong
giai phong va duong cong nhu cau. Gia tri toi uu ciia qua trinh tinh toan & truong hop bé day mang bang
1,57 mm, hé sé twong quan dat 0,981. Tuy nhién, kich thudéc mang qua 16n dan dén kich thudc hat to, doi
hoi thoi gian boc dai, qua trinh san xudt van hanh phte tap, kho ap dung thuc té trong san Xudt.

Truong hop nhiéu lan bon, chung ta c6 thé st dung cung mdt loai CRUF hodc tién hanh nhiéu loai khac
nhau ma van dam bao dugc yéu cau cua cay trong Mot s6 cong thire st dung tdi wu duge xac dinh va mo
ta nhu Bang 2. V6i trudong hop bon nhiéu 14n, nhiéu loai phan, ba 1an dau sir dung san pham d6 day 0,7mm
(3-0,7 mm), hai lan sau c6 thé st dung san pham 0,8 mm (2-0,8mm); 0,9 mm (2-0,9mm) va 1,0 mm (2-
1,0mm). Két qua tinh toan danh gia sy phu hop gitra nhu ciu uré ctia cdy va lugng uré cung cap cho truong
hop bon nhiéu 14n duoc biéu dién nhu Hinh 10.
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Bang 2: Mot sb cong thirc sir dung CRUF trudng hop bén nhiéu lan

Lan M@t loai phan CRUF Hai loai phan CRUF
bon Ngay thir Tilé Ngay thi Tilé Loai phén
1 0 30% 0 28% d=0,7mm
2 8 30% 8 28% d=0,7mm
3 18 15% 18 15% d=0,7mm
4 32 15% 26 15% 0,8 hogc 0,9 hogc 1,0 mm
5 52 10% 46 14% 0,8 hogc 0,9 hogc 1,0 mm
1 1
0.9 0.9
0.8 0.8
0.7 2 07
£ o6 & 06
= =
% 0.5 4 —a—Nhu ciu ;O.S 4
’%D 4 - --—-d =0,7 mm E-
) o — —d=1,0mm i 04 —8—Nhu ciu
= 03 1 ool = (03 wrm E o3 -——-3.0,7 mm v& 2-0,8 mm
= o L b
°2 7 4705 mm o2/ 3-0,7 mm va 2-0,8 mm
0.1 4 0.1 =+ 3-0,7 mm va 2-1,0 mm
o ; g ; 0 ' . :
0 20 40 60 20 0 20 40 60 20
Thdi gian (ngay) Théi gian (ngay)
(@) (b)

Hinh 10: Panh gi4 két qua tinh toan lwong uré giai phong va nhu cau ciia cdy trong truong hop bon nhiéu 1an mot
loai phén (a) va hai loai phan (b)

Luong uré giai phong cho cac cong thire déu dap tmg duoc nhu ciu cua cy lua, nhung trong trudng
hop bon nhiéu 1an véi hai loai phan cho thdy su chénh léch giita lugng uré giai phong va nhu cau khong
16n cho nén tranh duoc that thoat va du thira phan bon nhiéu hon. D4 thi ciing cho thiy hiéu qua dap tng
t6t nhat voi san pham c6 do day 0,9 mm cho trudng hop bon nhiéu 1an mot loai va khi bon két hop CRUF
¢6 d6 day 0,7 mm cung CRUF day 1,0 mm.

Céc phuong phap, cong thirc sir dung CRUF trong san xuat néng nghiép dugc Iya chon sao cho lugng
nguyén lidu st dung 1a ti thiéu, chi phi san xuat thap nhat dong thoi tranh that thoat tic dong ra ngoai moi
truong. Dy toan lwong nguyén liéu cin ding cho mét sé cac cong thirc st dung CRUF tbi uu duoc trinh
bay trong Bang 3.

Bang 3: Dy toan lugng nguyén liéu sir dung

TT Cong thiic Lwong phan Lwong vat liu Téng lrgng nguyén
uré (kg/ha) boc (kg/ha) liéu (kg/ha)

1 Phéan uré thong thudng 175+5.25 0 175+105

2 Phan CRUF b6n 1 1an véi d = 1,57 70+2.8 163 +£4.89 233 +6.99
mm

3 Phan CRUF bon nhiéu lan véi d = 0,9 70+ 4.2 70+2.1 140 +5.6
mm

4 Phan CRUF bon nhiéu lan véi d; = 70+56 59.3 + 2.965 129.3 +3.879

0,7 mm; d>=1mm

Bang 3 cho thdy, néu st dung CRUF thi lwong phén uré can dung sé& chi bang 40% so véi str dung phan
uré thong thuong nén giam lwong phan bon that thoat, tranh tic dong méi trudng. Tuy nhién, lugng nguyén
lidu boc sir dung s& quyét dinh dén chi phi san xuét. Vi cong thirc bén 1 1an thi luong nguyén liéu sir dung
kha 16n (163 kg/ha), nguoc lai truong hgp bon nhiéu lan gidp tiét kiém duoc ‘nguyén liéu (59 + 70 kg/ha)
nhung chi phi canh tac tang. Vi vay, tuy theo timg dleu kién canh tac, san xuit ma cong thirc va loai phan
sir dung dugc xem xét lua chon sao cho hop 1y nham tdi thiéu chi phi canh tac va chi phi nguyén vat lidu
su dung.
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4 KETLUAN

Béng hé thong boc hat dia quay, nghién ctru di san xuit dugc san pham phan uré giai phong kiém soéat véi
mang boc polyme phan huy sinh hoc, gilp ting thoi gian giai phong va giam lugng dinh dudng that thoat
ra ngoai méi trudng. San pham c6 thoi gian giai phong hon 100 1an voi phan uré thong thuong va tuong
g vdi cac loai CRUF thuong mai khac. Nghién ctru cling da chirng minh dugc co ché, xac dinh duoc md
hinh thyc nghiém qua trinh giai phong theo co ché khuéch tan qua mang bang FEM va tinh toan cac thdng
sO thuc nghlem cua qua trinh gidi phong uré cia CRUF san pham Céc két qua nay duoc sir dung dé tinh
todn, danh gia sy pht hop gitra lugng uré giai phong voi nhu cau cua cay lia nude, tir d6 dinh hudng viée
thiét ké san pham CRUF va cong thire sir dung tdi wu trong san xuat lia nude ¢ ving Dong Bing Song Ciru
Long bao gom: bon mot 1an mot loai phan c6 do day 1,57 mm, boén nhiéu lan 1 loai phan d=0,9mm va 2
loai phan d=0,7 mm va d=0,8 hodc 0,9 hoac 1,0 mm. Mac du, két qua nghién ciru da dé xuét duoc cong
thire va phuong phap sir dung san pham CRUF trong san Xudt ndng nghi¢p nhung van chua thir nghiém
truc t1ep trong thuc té. Ngoai ra, cac yéu t6 anh huong khac nhu: didu kién moi truong, nhiét do, do pH,
tinh chat cua dat... chua duoc dénh gia day du. Pay 1a nhitng dinh hudng can tién hanh cho cac nghién ctru
tiép theo.

LOI CAM ON

Nhom tac gia xin chan thanh cam on Khoa Cong ngh¢ Hoa hoc, Truong Dai hoc Cong nghiép TP. Hb Chi
Minh da giup d& va ho tro dé ching t6i hoan thanh nghién ctru nay.
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PRODUCTION AND USING ORIENTATION OF CONTROLLED RELEASE UREA
FERTILIZER FOR WET-RICE CULTIVATION IN VIETNAM

TRUNG NGUYEN HUU %, VAN NHIEU LE !, HOAI DUC TRAN %, DUNG TRINH VAN 2
! Faculty of Chemical Engineering, Industrial University of Ho Chi Minh City;
2 Faculty of Chemical Engineering, Ho Chi Minh City University of Technology.
*Coresponding author: nguyenhuutrung@iuh.edu.vn

Abstract. Controlled-release fertilizers (CRFs) are a promising way to develop sustainable and modern
agriculture. CRFs have lower production costs, save resources, enhance crop yield and quality, and prevent
environmental damage. This study aimed to develop and produce controlled-release urea fertilizer (CRUF)
and design formulation for wet-rice growth in Vietnam. The coating particle technology with a
biodegradable polymer mixture, which was synthesized from distarch phosphate, poly(vinyl alcohol), and
poly(acrylic acid), was used to produce CRUF. The CRUF characteristics were measured using optical
microscopy, scanning electron microscopy, and image analysis methods. The obtained product was also
compared with commercial urea products. The study also established the mechanism and mathematical
model for the urea release process of CRUF. The calculated diffusion coefficient of water and urea through
the membrane is 1.47 x10°® m?/h and 2.2x10® m?/h, lag period of 1.5 hours, period of linear release of 13.73
hours and steady release rate of 0.548. These results were used to calculate and evaluate the suitablity
between the amount of urea released and the needs of wet rice which can design and apply them in the
production of the Mekong Delta's wet rice.

Keyword. Biodegradable polymer, coating particle technology, controlled-release urea, wet-rice.
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