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SUMMARY

ENHANCEMENT THE SLOW RELEASE PROPERTIES OF UREA-KAOLINITE
FERTILIZER BY POLY(VINYL ALCOHOL) BINDER

This study investigated the use of poly(vinyl alcohol) (PVOH) as a binder to prepare urea—kaolinite (U-K)
slow release fertilizer (SRF) granules. The concentration of PVOH was varied from 1.0 to 7.0% and it was
found that PVOH concentration of 4% and above was able to reduce urea release rate down to SRF
standards. Slow-release urea fertilizer based on PVOH and kaolinit was prepared and characterized. The
analysis of IR, SEM, XRD, EDX showed that the present of PVOH and kaolinite stabilized the structure of
fertilizer, slowed down the release of the Nitrogen in ure, led to the decreasing of the leakage. The results
showed that the slow-release fertilizer sample (U-K-PVOH) containing 40% urea and 4% PVOH binder
released only 43.21% of its N in water after 96 hours (at 25 °C).

Keywords: fertilizer, urea, slow-release, poly(vinyl alcohol), kaolinite.

1. GIOI THIEU

Dan s6 toan ciu ting nhanh, du béo s& dat
9,7 ti ngudi vao nam 2050. Do d6 nhu cau
lwong thuc toan cau du kién s& tiang lén
50% vao nam 2050 [1]. Téc d6 do thi hoa
kéo theo su can Kiét tai nguyén va giam
dién tich dat nong nghiép. Nhitng van dé
nay, lam tang nhanh viéc st dung phén
bon trong nbng nghiép, dac biét la phan
urea ((NH.),CO) loai phan dam phé bién
nhat do ham luong nitrogen cao [2]. Vi
khoang 50% san luong luong thuc cua thé
gidi dya vao viéc str dung phan dam. Urea
gilp cai thién nang suat cdy trong nhung
chiing dé bi rua troi, chay tran, bay hoi,
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phan huy (tao NHs, N2O...) gy ra nhiing
tac dong tiéu cuc dén moi truong.

Chi c6 20-30% N trong phan bon duoc
cdy trong hip thy, phan Ién that thoat ra
modi trudong gdy O nhiém moi truong
nghiém trong, thach thirc su bén viing cua
toan cau, thiét hai 16n vé kinh té. Nhitng
ving tréng trot ¢ lugng mua hang nim
cao, lugng nitrogen that thoét trén 70%
[2-3]. Vi vdy, viéc tim kiém céc loai phan
bon hi¢u qua va than thién vai moi truong
da tro thanh vin dé duoc quan tam trén
toan cau va phan bon nha cham (SRF) la
loai phan bén méi, mang dén mot giai
phap htru hiéu [3-6]. SRF la phan bon lam
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cham kha niang hap thu dinh dudng cua
cay trong sau khi bon. So véi cac loai
phén bdn thong thuong, SRF co ti 1€ giai
phong chit dinh dudng thap, kéo dai thoi
gian hap thy dinh dudng cua cay trdng,
giam thiéu su that thoat chat dinh dudng
ra mdi trudng, tiét kiém kinh té [2]. Cac
nghién ctu vé SRF cho thdy, céc khoang
sét nhu bentonit, kaolinit, diatomit... duoc
str dung nhu nhitng chat mang trong ché
tao phan bon [3-8]. Nanocomposite tao ra
bing su xen k& urea vao dat sét
montmorillonite, kaolinit bing phuong
phap nghién kho, dun ép & nhiét ¢ phong
[3, 9-12], hay phuong phap huyén phu [6]
da lam cham qua trinh nha nitrogen ro rét
S0 V&i urea thong thuong. Khi bd sung
polymer c6 kha niang két dinh cao da lam
bén thém cau tric vat liéu, ting hiéu qua
nha cham dinh dudng cua phan bén [9-
10]. PVOH c6 cbng thuac dang (-CH»-
CH(-OH)-),, ching wa nudc, khong doc,
bam dinh bé mit tét, co kha nang phan
hity sinh hoc, dugc dung nhiéu trong céc
linh vyc y té, son phu, gidy...[13-15].

Kaolinit hay Cao lanh, la loai sét cé cong
thac  Al,Si,O5(OH)4, ching duoc hinh
thanh do qua trinh phong hoa fenspat
[11]. O Viét Nam, kaolinit c6 trir lwong
ddi dao, dugc phan bd véi ham luong l6n
& cac tinh phia Bic nhu Pha Tho, Yén
Bai, Tuyén Quang...Bai bao nay, trinh

bay céc két qua tang cwong tinh chét nha
cham cua phan boén urea-kaolinit bang
chat két dinh PVOH.

2. THUC NGHIEM
2.1. Nguyén liéu

Kaolinit & Pha Tho, Viét Nam, duoc
nghién thanh bot, sang loc lay hat < 20
pum. Urea (NH2).CO dung la loai Uré Ha
Bic, Viét Nam, dang hat, mau tring (% N
= 46,3%), duoc nghién nho lay hat <20
pum. Poly(vinyl alcohol) cta Singapore, c6
khéi lwong mol phan tir trung binh 160
000 g/mol.

2.2. Tong hop phin nhi chim

Chuan bi hdn hop U-K chira 40% urea
theo khdi lugng da dugc nghién nho, tron
déu. Thém dung dich PVOH véi nong do
xac dinh (tr 1,0 - 7,0%) vao hén hop U-
K, sau d6 tron déu. Tiép theo, dua hdn
hop vao may tao phan boén ban tu dong
qui md phong thi nghiém qua cac bd
phan: nén ép, cat soi (chiéu dai tir 25-30
cm), tao vién véi cung kich thudce (duong
kinh trung binh 8,0 + 0,1 mm). Sau do,
sdy khd san phdm ¢ 70°C, mau phan bén
thu dwoc ki hiéu la U-K-PVOH. Mau
phan U-K duoc chuan bj twong tu nhung
khong chira PVOH. Cac mau phan ché tao
dugc dem xac dinh d6 cung va do ra vién
phan bon dé danh gia do bén vién phan.
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Hinh 1. So do ché tao phin bén nha chdm
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2.3. Phwong phap phén tich va danh
gia

C4u trac tinh thé vat liéu duoc nghién cau
bang phwong phap nhiéu xa tia X (XRD),
hinh thai va cau trdc bé mit vat liéu dugc
nghién ctu bing phuong phap hién vi
dién tir quét (SEM), thanh phan hoéa hoc
cia vat litu duoc nghién ctu bang
phuong phap phd tdn xa ning luong
(EDX), cac nhom chuc/lién két dic trung
cia vat ligu duoc nghién cuu bang
phuong phap pho hong ngoai (IR).
Nitrogen trong mau phan bén dugc xac
dinh theo phuong phdp Kjeldhal, do
cimg vién phan bon dugce xac dinh bang
may do d6 cang EL — 500, d =0,1N, d¢ ra
vién phan bon duoc xac dinh bang may
do do ra Electrolab Dissolution Tester
St.No 1307286.

2.4. Khao sat kha nang nha nitrogen
trong nwoc cia mau phan bon

Kha nang nha nitrogen trong nudc cua cac
mau phan urea thong thuong, U-K (chia
40% khéi luong urea) va U-K-PVOH
(diéu ché ¢ diéu kién téi wu) duogc khao
sat nhu sau: Chuan bi céc cc nhua cé nap
day kin chira 50 mL nudc cat. Cho 2 gam
phan bon vao tui vai dé trong coc nhya va
day nip. Sau khoang thoi gian 1a 1, 12,
24, 36, 48, 72, 96 gio, rat hét dung dich
trong coc va dem xac dinh ham luwong
nitrogen (N) cdc mau theo phwong phap
Kjeldhal [5].

3. KET QUA VA THAO LUAN

3.1. Anh hwéng ciia ham lwong PVOH
dén dd cirng va dd ra vién phan bon.
Theo Hinh 2, ham lugng PVOH anh hudng
toi do ra va do cang caa vién phéan bon.

Khi ting ham lugng PVOH tir 1,0 dén
4,0% thi d6 rd cua vién phan giam dan tu
29.42 dén 16,61%, do cing vién phan bon
ting tir 145,22 dén 274,26 kgf. Két qua
nay dugc li giai la do PVOH véi kha nang
bam dinh bé mit tét, gilp cac hat nho dé

96

bam dinh thanh cac hat cé kich thudc I6n
hon. Khi ting néng d6 PVOH, lam gia
tang lién két ngang va cac tuong tac bén
viing trong t6 hop, gidp cau tric vién
phan bon bén viing hon, ting kha ning
luu gitr urea. Voi ham lugng PVOH >
4%, d6 bén vién phan bon c6 xu hudng
giam, do cac nhém wa nudc (-OH) du
trong PVOH d4 tao lién két hydrogen véi
nuéc, gilp cac phan tir nuoc d& khuéch
tan vao trong cdu tric phan bon, nén do
bén cua phan bon giam [11]. Tu két qua
trén, ham lwong PVOH t6i vu 13 4% so
voi hdn hop urea va kaolinit dugc chon
cho céc nghién ciu tiép theo.
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Hinh 2. M6i quan hé giita ham heong PVOH véi
a) do ra, b) d¢ cung cua vién phan U-K-PVOH
3.2. Phd hong ngoai ciia miu phan bon

(IR)

Hinh 3 ta thay, pho IR ciia U-K-PVOH
xuat hién cac peak trung cua cac lién két
¢ trong cac tién chit ban dau (PVOH,
urea va kaolinit) nhu lién két O-H, N-H,
C=0, C-O, Al-O, Si-O, diéu nay khang
dinh su c6 mat cia PVOH, urea, kaolinit
trong mau phan bén.
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Hinh 3. Phé IR cua urea, kaolinit va U-K-PVOH

Sau khi c¢6 sy xam nhdp, xen k& urea,
PVOH vao cac 16p cua kaolinit, dinh dac
trung & s song 3648 cm™ bién mét hoan
toan va xudt hién peak mdi ¢ sd song
3454 cm™, duoc cho 1 do sw hinh thanh
lién két hydrogen gitra cac nhom NH; cia
urea va oxygen trong cac tdm tir dién ciia
kaolinit [9]. Pinh dic trung cb s song
3619 cm™ dic trung cho nhom —OH déu
xuét hién & trong kaolinit va U-K-PVOH;
dinh dic trung méi hinh thanh ¢ s song

IMS-NKL 5.0kV 5.2mm x50.0k SE(M)

||||||||||

1.00um W IMS-NKL 5.0kV 5.1mm x30.0k SE(M

3385 cm™ dic trung cho dao dong kéo dai
cua nhém NH, trong U-K-PVOH lién
quan dén lién két hydrogen yéu v&i nhom
—OH c¢6 trong mau phan bén [9]. Nhu
vay, do twong tac gitta nhom chirc phén
cuc cua PVOH voi cac nhom chuc cod
trong cu tric cia kaolinit va urea da lam
su dich chuyén cac dai phé dac trung va
thay d6i cuong do cua cac dai phd nay.
Urea chtira nhom phan cuc C=0 c6 kha
nang hinh thanh tuong tac ion ludng cuc
v6i cac cation AI** ¢ trong khodng sét
kaolinit qua lién két CO...AI**. Ngoai ra,
su xen k& cac phan tur urea va PVOH vao
kaolinit, hinh thanh lién két hydrogen
gitra nhdm —OH (ctia PVOH, kaolinit) véi
nhom —NH; trong urea. Nhirng tuong tac
va lién két dugc hinh thanh ¢ trén cing
voi viec PVOH va urea dugce gitt boi
kaolinit da lam bén vimg t6 hop U-K-
PVOH, giam tbc d6 khuéch tan nitrogen
[3, 11].

3.3. Hinh thai hoc bé mit san pham

...........

Hinh 4. Anh SEM a) Kaolinit va b) U-K-PVOH

Anh SEM & Hinh 4a cho thiy, bé mat
kaolinit ban dau xuat hién nhiéu 13 rdng,
vé6i nhiéu tim manh dang que xép chong;
trong khi d6 céc 15 réng trén bé mat mau
phan bén U-K-PVOH (Hinh 4b) giam rd
rét so véi kaolinit, do cac phan tir urea va
PVOH dugc xen k& vao cac lép, 16 rong
va bam trén bé mit cua kaolinit. Cac phan
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ter chat két dinh PVOH va cac phan tu
urea hoa tan dugc lién két voi bé mat
kaolinit thdng qua cac lién két hydrogen.
Cac lop cua kaolinit cling 1a rao can ngan
nudc xam nhap, lam cham qué trinh nha
dinh dudng ciia mau phan bén [11].



3.4. Gian dé nhiéu xa tia X cha miu
phan bon (XRD)

Khoang cach gitra cac 16p cua kaolinit
tredc va sau khi co sy xam nhap, xen ké
cac phan tu urea, PVOH duogc xac dinh
bang XRD. Két qua Hinh 5a cho thiy,
kaolinit ban dau phan xa (001) & goc
nhiéu xa 20 = 12,4° v4i khoang céach céac
I6p la 7,164 A. MAau phan bon U-K-
PVOH xuét hién dinh méi & goc nhidu xa
20 = 8,2° voi khoang cach cac Iop la
10,768 A, cho thiy sy m¢ rong dang ké
khoang cach céac lop so voi kaolinit. Sy
thay doi nay 1a do c6 su xam nhap, xen ké&
cac phéan tu urea, PVOH vao gitra cac lop
cua kaolinit. Piéu nay da duoc Fariba M
[9] chi ra trong nghién ciru caa minh.

3.5. Pho tan xa ning lweng cia mau
phan bon (EDX)

Két qua cho thiy, phd EDX cua kaolinit
(Hinh 5b) xuat hién cac peak c6 cuong do
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manh dic trung cua nguyén té O, Si va
Al, tong khéi luong caa ba nguyén t nay
>93%, chimng to kaolinit ¢ thanh phan
chinh 1a O, Si, Al; ngoai ra con luong rat
nho tap chat nhu C, Fe, K, Mg. Pho EDX
(Hinh 5c) cua mau phan bon nha cham
(U-K-PVOH) xuét hién cac peak co
cuong do manh dac trung cho cac nguyén
t6 O, N, C, Al, Si, day la thanh phan
chinh cua mau phan bon (chiém >99%
khdi lugng mau phan bon). Trong do,
mau phan nha cham xuét hién peak cua N:
va ham lugong C tang, ham lugng Al, Si
giam so véi mau kaolinit. Peak dic trung
cua Fe va Mg khdng xuat hién trong pho
EDX cia mau phan bon nha cham, do
chung c6 ham lwong rat nho. Cac két qua
trén cho thay, phan bon nha cham da duoc
tong hop thanh cong tir urea, PVOH va
kaolinit, két qua nay phu hop vai két qua
thu dugc tir phén tich IR, SEM, XRD.
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Hinh 5. (a) Gian d6 nhiéu xa tia X cia ciia kaolinit va mau phan U-K-PVOH; (b) phé EDX ciia kaolinit va
mau phdn U-K-PVOH (c); (d) Ham luwong N nha trong nuéc cua urea , U-K va U-K-PVOH theo thoi gian
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3.6. Panh gia kha nang nha cham N caa
mau phan bén trong nwéc

Ti & nha N trong nuéc cua cac mau phan
bon: urea thong thuong, U-K va U-K-
PVOH t6i wvu & Hinh 5d cho thiy, su xen
k& urea trong cac 16p khoang sét kaolinit
lam giam ti Ié nha N cua cac mau phén
bon U-K, U-K-PVOK. Sau 12 gio ngam
trong nudc, phéan urea théng thuong tan
gan nhu hoan toan, mau U-K nha khoang
16,52% N, mau U-K-PVOH nha khoang
6,84% N. Su cd mat cua chat két dinh
PVOH trong hon hop U-K-PVOH di tao
thanh céac lién két ngang, 1am bén viing
mau phén bén, nén ti 1é nha N ciia mau U-
K-PVOH thap hon nhiéu so véi mau U-K.
Sau 24 gio va 96 gio ngdm trong nudc,
mau phan U-K-PVOH cho ti 1é nha N lan
luot 12 14,13% va 43,21%N. Két qua thu
duoc cho thiy, mau phan U-K-PVOH dat
tiéu chuan phan bon nha cham [2], day la
co s& dé nghién cau tng dung ching
trong ndng nghiép.

4. KET LUAN

Phan urea nha cham d3 duoc ché tao
thanh cong bang céch to6 hop urea,
kaolinit va PVOH theo phuong phap co
hoa. Tinh chat nha cham cua phan bon
urea-kaolint da dugc tang cuong khi su
dung PVOH lam chét két dinh. Sy c6 mat
cuaa PVOH va kaolinit trong vat liéu da
lam tiang d6 bén vién phan bén, giam téc
d6 nha chat dinh dudng cua mau phan
urea nha cham U-K-PVOH. Mau phan U-
K-PVOH chira 40% urea, va 4% chat két
dinh, trong moi truong nudc nha khoang
4321 % N trong 96 gio. Két qua nay
chirng minh tinh kha thi cua viéc st dung
PVOH lam chét két dinh diéu ché phan
nha cham va mé ra trién vong ng dung
phan bon nha cham than thién vai moi
truong trong san xuat néng nghiép.
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