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total fertilizer in the world but most of it is lost due to evaporation and
10/6/2024 leaching, causing environmental pollution. Using slow-release fertilizers is a
Published: 11/6/2024 modern effective solution to protect the environment as well as to improve
nutrient use efficiency. In this study, an urea slow-release fertilizer was
manufactured using a mechanochemical method, using Phu Tho, Vietnam
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KEYWORDS kaolinite as a binding and nutrient carrier additive. The results of IR, XRD,
Urea EDX, and TGA analysis show that the mechanochemical process helped urea
Slow release fertilizer molecules incorporate into the structure of kaolinite. The presence of
Kaolinite kaolinite in the _product increased the durabil_ity of fgr_tilizer pellets and

reduced the nutrient release rate of urea-kaolinite fertilizer samples. The
Phu Tho results showed that the manufactured urea-kaolin fertilizer sample containing
Vietnam kaolin content > 60% met the slow-release fertilizer standards of the

European Standardization Committee. The urea-kaolin fertilizer sample
contained 60% kaolin by weight, releasing 56.32% N in water after 96 hours
(at 25 °C), meeting the standards for slow-release fertilizers. The results of
this research are the basis for manufacturing and applying slow-release
fertilizers in agricultural production using environmentally friendly kaolinite
additives, available in Vietnam.
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Ngay nhan bai:  05/5/2024 Hién nay, phin bon urea dugc str dung trong nong nghiép chiem khoang 55%
. N tong lwgng phan bon trén thé gidi nhung phan lén bi that thoat do bay hoi va
Ngay hoan thign:  10/6/2024 1, 15 oay ¢ nhim méi truong. Sir dung phan bén nha cham 1a giai phap
Ngay ding:  11/6/2024 hiéu qua hién nay dé bao vé moi trudng va nang cao hiéu qua sir dung dinh
dudng. Trong nghién ciru nay, mot loai phan bon urea nha cham dugc ché tao

TU KHOA theo phuong phéap co hoa, sir dung kaolin Phu Tho, Viét Nam lam phu gia két

dinh va mang dinh dudng. Céc ket qua phén tich IR, XRD, EDX, TGA cho

Urea thay qua trinh co hoda giup cac phan tir urea két hop vao cau truc ctia kaolin.

Phan bén nha cham Sy c6 mat cua kaolin trong vat |ié~u da lam ting d6 bén vién phén bon, giam

: toc d6 nha chat dinh dudng ctia mau phan urea-kaolin. Két qua cho thay, mau
Kaolin R . R s . X ogr A

Phi Th phan urea-kaolin ché tao chira ham lugng kaolin > 60% da dap ung tiéu

u 1ho

chuén phan bén nha cham cua Uy ban tiéu chuin Chau Au. Mu phén urea-
Viét Nam kaolin chira 60% kaolin vé khdi luong, trong nuéc nha khoang 56,32% N sau
96 gior (6 25 °C), dap (g tiéu chuin phan bén nha cham. Két qua nghién ciru
ndy 14 co s¢ dé ché tao va g dung phan bon nha chim trong san xuit nong
nghiép sir dung phu gia kaolin than thién véi méi truong, san cé & Viet Nam.
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1. Gioi thigu

Vian dé an ninh lwong thyc hién nay 1a vin dé mang tinh toan ciu. Sy gia ting déan s trén thé
gioi va tdc do d6 thi hoa nhanh di lam giam dién tich dt canh tac trong nong nghiép [1]. Nhu
cau luong thuc cua con nguoi duge du bao s€ tang tur 59% den 98% khi dan sb thé gioi tang tur
7,3 1én 9,7 ti ngudi vao nam 2050 [2], [3]. Trude ap lyc 16n vé luong thuc, trong san xuit néng
nghiép can ting nang suét ciy trong, diéu nay da lam tang nhanh nhu cau sir dung phan bén, dic
biét la phan urea (NH,),CO, loai phéan dam phd bién nhét véi ham luong nito (N) cao. Hién nay,
urea dang duoc sir dung chiém gan 55% tong luong phéan bon trén toan thé gidi. Tuy nhién, urea
d& tan trong nudc va cac hat dat khong dé cb dinh urea trudc khi thiy phan, nén hiéu qua sir dung
urea hién nay rat thép [1]. Chi ¢6 30-50% N tir urea duwoc thuc vat he”ip thu, phﬁn con lai bi that
thoat ra moi truong xung quanh thong qua qua trinh rira trdi, bay hoi... 1lam 6 nhiém méi truong,
tang chi phi phan bon [4]. Pic biét, nhitng ving trdng trot c6 lwong mua hang nam cao, lugng
nito that thoat trén 70% [5]. Vi vay, can phai phat trién cac k¥ thuat c6 thé gitip kiém soat hodc
1am cham qua trinh nha nito tir phdn urea. Phan bon nha cham (SRF) 1a giai phap c6 nhiéu trién
vong dé bao vé mdi trudng sinh thai, ndng cao hiéu qua st dung dinh dudng [6]. Cac nghién ciu
vé SRF da thu hit sy quan tdm cua cac nha khoa hoc, dic biét 1a cic SRF ché tao tir cac ngudn
nguyén liéu ty nhién, than thién v4i moi truong nhu khoang sét, polymer thién nhién...[7] — [12].
C6 hang tram loai khoang sét véi thanh phan, ciu tric khac nhau nhung chi mot sd khoéng sét co
dic tinh phan 16p duoc nghién ctru ché tao SRF nhu bentonit, kaolin, zeolit... Cac khoang sét nay
¢6 kha niang xen k& cac chat (nguyén tir, ion, phan tir) vao cac khoang tréng giita cac 16p, khi
tuong tic v4i urea di 1am cham kha ning nha dinh dudng ctia phan béon [13]. Cac nghién ctru vé
phan bon nha chim cua Elaine 1. Pereira [8] dua trén sy xen k& urea vao dét sét montmorillonite
bang qua trinh ép dun & nhiét dd phong hay nghién cira ctia Fariba mahdavi [14] dua trén sy xen
ké& urea vao giita cac 10p kaolin bang ki thuat nghién kho cho thiy trién vong cua khodng sét
bentonit, kaolin. Viét Nam c6 ngudn khoang sét tu nhién doi dao va phong phii, day 1a diéu kién
thuan loi dé phat trién phan bon nha cham. Trong do6 kaolin 1a loai khoang sét mau tring, c6 tinh
déo, voi1 thanh phén chinh 1a khoang vat kaolinit va mot sb it khoang vat illit, montmorilonit,
thach anh..., co trit lugng 16n (khoang 267 triéu tdn) dugc phan bd khip noi trong ca nude, tap
trung cht yéu & cac tinh nhu Lao Cai, Yén Béi, Phii Tho, Tuyén Quang, Lam Pdng... [15].
Trong nghién ctru nay, mot loai phan bén urea nha cham dugc ché tao theo phuwong phap co hoa
(v6i cac budc nghién kho, dun ép, cit soi, tao vién) st dung kaolin Phii Tho lam phu gia két dinh
va mang dinh dudng. Pac trung 1i hoéa va déc tinh nha cham dinh dudng cua phan bon da duogc
nghién ctru boi FTIR, XRD, EDX, TGA.

2. Thuc nghiém
2. 1. H-a c¢chmt |, nguy°n | i Mu

Kaolin (K) & Phii Tho, c6 dang bot mau tring, kich thudc hat < 20 um, thanh phan chinh la
kaolinit, do tinh khiét > 50% (chtra 22-35% Al,Oj; 0,32-0,46% Fe,0s, 46-59%Si0,).

Phan Ure (NH,),CO (U), ciia Cong ty phan dam va hoa chit Ha Bic - Viét Nam (ham lugng
N > 46%), dang hat duogc nghién to1 kich thudc trung binh 20 um.

2.2. ChA tu gekagimh©n b - n wur ea

Céc hat urea cing voi kaolin duoc can riéng va tron déu voi ti 1¢ khéi luong 30-90% kaolin
(ki hiéu cac mau lan luot tir U-K30 dén U-K90), sau d6 dem nghién nhé trén may nghién
Yamafuji 2000 (téc do quay 25000 vong/phut). Thém lwong nudce nhat dinh dé tao do 4m cho
hdn hop, 1di tron déu, tiép theo dua hdn hop urea-kaolin vao may dun ép, cit soi, tao vién trén
may ché tao phan bon ban tr dong qui md phong thi nghiém. Cac vién phan bén co dudng kinh
trung binh 8 mm duoc dua vao 16ng quay hoan thién san pham, sdy kho dén khdi lugng khong
ddi. So dd ché tao phan bon urea-kaolin duoc biéu dién ¢ Hinh 1.
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Hinhl1.So d6 ché takaphidn biba aohéam
2.3. C8c ph_ _ng ph8p ph®©n t2ch

Pho hdng ngoai (IR) dwoc ghi trén may Fourier FTIR IMPACT Nicolet 410 trong viing 4000-
400 cm™ bang ky thuat ép vién voi KBr.

Gian d6 nhiu xa tia X (XRD) dugc ghi trén thiét may Ronghen D8 Advanced Brucker, ng
phong tia CuKa véi cuong d6 phong 0,01A, goc quét 20 tir 0,5-20°, U = 40 kV, | = 40 Ma.

Pho tan xa niang luong tia X (EDX) duoc do trén thiét bj Jeol 6490 JED.

Phén tich nhiét trong lvong (TGA) dugc do trong khi quyén Argon tir nhiét 46 phong dén 800
°C trén thiét bi SETARAM.

Ham lugng N dugc xac dinh bang phuong phap Kjeldhal trén may Velp UDK139.

Do ra vién phan bon dugce do trén may do do ra Electrolab Dissolution Tester St.No 1307286.

Do ctrng vién phan bon dugce do trén may do d6 cing EL — 500, d = 0,1N.

24n’lc t2nh nhd nit cva ph®©n b-n trong n_

Cho 2 gam phan urea nha cham vao chai nhya day kin chtra 200 ml nudc cit. Sau nhiing
khoang thoi gian xac dinh (12, 24, 36, 48, 72, 96 gid), dung dich dugc 14y hét ra dé xac dinh ham
lwong nito va thay 200 ml nude cit méi vao chai. Haim luong nito trong dung dich duge xac dinh
bang phuong phéap Kjeldhal [10].

3. Két qua va thio luin

31cnh ehgova h "imgKaglinL An Li bzZn vi°n ph©n b-n

Anh huéng ciia ham luong kaolin dén d6 bén vién phan bon dugc danh gia qua do ra va do
clmg vién phan bon. Két qua khao sat anh huong ciia ham luong kaolin t6i do ri cua cac mau
phén dugc trinh bay ¢ Hinh 2.
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Két qua Hinh 2 cho thdy, su c6 mit cia kaolin di lam ting do cimg va lam giam do ri coa
vién phan bén. Bai kaolin it tan trong nudc nhung c6 kha ning két dinh tot da lam tang d6 bén
cta vién phan bon, giup ching khé bi rd trong nudc hay bi vo dudi tac dung cua lyc nén xac
dinh. Khi tang lwong kaolin, kha niang két dinh ctia hdn hop ting, 1am ting cic twong tac giira cac
phan tir trong hdn hop, 1am bén vat liéu [13], [14]. Tuy nhién, khi ham lugng kaolin cao thi do
dinh dudng ciia phan bon giam, do d6 chiing t6i chon ham luong kaolin trong hon hop tir 50-80%
cho cac nghién ctru kha nang nha cham nito trong nudc.

3.2. n8nh gi 8 khd nktng nhd chom nit_ cva m,u pl

bic tinh giai phong nito cua cac mau phén bén urea thong thuong va urea-kaolin (chira 50-
80% kaolin) da dugc khao sat, két qua duoc the hién ¢ Hinh 3.

100 —
—o— Urea
80 U-K50
—e— U-K60
~(g
< 60 —e—U-K70
< —a—U-K80
X

40

20

0 12 24 36 48 60 72 84 96
Thoi gian (gio)
Hinh 3. TilénhAN t r ofoaja urea ureakaolin theo tidi gian

Tu Hinh 3 cho thay, sy c6 mit kaolin trong to hop urea- kaolin (U-K) dé lam gidm ti 1€ nha N
clia cdc mau phan bon U-K. Sau 12 gi& ngam trong nudc, mau urea thong thuong nha gan nhu
hoan toan (97,9% N), céc méau U-K nha cham rd rét, khi ham luong kaolin bién doi tir 50 - 80%,
cic mau U-K tuong ung nha khoang 16,72 - 7,22 % N. Sau 24 gid gio ngam trong nudc, mau
phan U-K50, U-K60, U-K70, U-K80 cho ti 1¢ nha N lan luot 1a 21,14%, 15,05%, 13,85% va
12,22%. Su c6 mit cua kaolin trong hdn hop U-K da lam bén viing mﬁu phan bon, nén ti 1¢ nha N
thip hon nhiéu so v6i miu urea thong thuong. Theo tiéu chuan phan bon nha cham do Uy ban
tiéu chuan chau Au (CEN) dua ra, mau phan bon dugc coi la nha cham khi dap (mg yéu cau nha
dinh dudng 1a khong qua 15% sau 24 gi¢ ngam trong nuée ¢ 25 °C. Nhu vay, mau U-K60, U-
K70 va U-K80 ché tao duoc da dap tng ti€u chuin v& phan bon nha cham [14]. Sau 96 ngay
ngam trong nudc, mau U-K60, U-K70 va U-K80 nha lan lugt 1a 56,32%, 40,56% va 33,12% N
Chung t6i chon m?lu U-K60 cho cac nghién ciru tiép theo.

3.3.Pivhthgngdicvam,u ph©n b-n (1 R)

Két qua phan tich pho IR ¢ Hinh 4 va Bang 1 cho thiy, mau phan bon U-K xuat hién cac dai
hép thu dic trung: s song 3698 cm™ va 3622 cm™ dic trung cho dao dong hoa tri ciia nhoém O-
H, s song & 3455 cm™ dac trung cho dao dong hoa tri cia nhém —NH,; sb song ¢ 1670 cm™ dic
trung cho dao dong hoa tri cﬁa nhom C=0, sb song ¢ 1458 cm™ dac trung cho dao dong hoa tri
ctia C-N, sb song & 787 cm™ dic trung cho dao dong héa tri cua lién két Si-O [14].

Nhu véy, cac dai hép thu dic trung cia urea, kaolin deu xut hién trong mau phan bén U-K,
diéu nay khing dinh su c6 mit cua urea, kaolin trong mau phan bon U-K. Ngoai ra, c¢6 sy dich
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chuyén cac dai phd dic trung va thay ddi cuong do cua cac dai pho nay, do tuong tac gitra kaolin
va urea khi chiing c6 diéu kién tiép xtic voi nhau nhu lién két hydrogen giita nhém —OH cua
kaolin véi nhém —NH, ctia urea hay su twong tac ion ludng cuc CO...M™, H,N...M™ ctia nhém
C=0, -NH; c6 trong urea vdi cation Mn co trong kaolin [8]. Urea sau khi xen k& vao kaolin, van
phd & sd song 3426 cm™, 3325 cm™, 3254 cm™ bién mét hoan toan va xuét hién peak méi & sd
song 3455 cm™, duoc cho la do su h1nh thanh lién két hydrogen giita cac nhom NH, cua urea va
oxygen trong cac tim tir dién ciia kaolin [14]. Van pho c6 s6 song 3620 cm™ dic trung cho nhom
—OH xuét hién & ca trong kaolin va U-K lién quan dén lién két hydrogen yéu véi nhém —OH c¢6
trong mau phan bén [17].

1 oH Kaolin c=0 Si-0
P -0
7 1634
— 795
-\Q . -~ ",
. 3696 3520 Urea
m i 7
= NH,
o
ol
3426 |
1] on 33253254 U-K
g = NH
© T 3698 | |
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16707 1038
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Hinh 4. Phdhéngngaicla c &c Ur ea, &phdhWk va s
Biang1.S6 sdéng dac truwng cua-KUrea, Kaolin va
A r - -1
Dao ddng S0 song dic tl_‘u’ng, cm ]
Urea Kaolin San pham U-K
Moy 3696, 3620 3698, 3622
My, 3426, 3325, 3254 3455
Nen 1458 1458
Ne-o 1672 1634 1670
Nao 1032 1038
Ng o 795 787
3.4. Gidn LQ nhiKu xu tia X cva m,u phon

Dé xac nhan su xen ké clia urea vao cac 16p ctia cua kaolin, phép phan tich XRD da dugc tién

N s

hanh. Khoang cach gilta cac 16p cua kaolin trude va sau khi xen k& cac phén tir urea dugc chira ¢
Hinh 5. Kaolin phan xa (001) ¢ goc nhi€u xa 26 = 12,5° vo1 khoang cach gitra cac 16p 1a 7,175 A,
mau phan bon urea-kaolin xuat hién dinh méi & goc nhiéu xa 20 = 8,5° v4i khoang cach gifta cac
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16p 13 10,728 A, cho thiy sy m& rong khoang cach gitta cac 10p so véi kaolin. Su thay ddi nay 1a
do c6 sy xam nhép cua cac phan tir urea vao khoang gitra cac 16p cua kaolin [14]. Kaolin dugc st
dung véi vai trd 1a chat két dinh, chat van chuyén dinh dudng, thong qua qua trinh co hoa da lam
giam d6 két tinh cia kaolin, dong thoi cho phép két hop urea vao cau tric cua nd [ [16], [17].
Ngoai ra, ti 1& thay ddi goc nhidu xa va khoang cach giira cac 16p cua kaolin gan véi ti 18 1:1
ching t6 urea dugc phdn tan, xen k& hoan toan vao cac 16p cua kaolin trong qué trinh ché tao.
Két qua nghién ctru ndy pht hop véi nghién ctru ctia Fariba Mahdavi va cac cong su [}4]'

d=10,728
= 1
B
= rea-kKaalin
w
5 | e~
£ d=7,715
Kaolin
2 4 & 8 10 12 14
2 theta(degree)

Hinh5.Gi an d® nhi éu xa tia -Kaolmipp Kaol in

35PhY t8&8n xu nktng | _1ng cva m,u ph®©n b-n

Thanh phan nguyén t6 trong kaolin va mau phan bon urea-kaolin nha cham duoc x4c dinh bang
phd tan xa ning luong tia X (EDX). Két qua Hinh 6 cho thiy, trén phd EDX cua kaolin (Hinh 6a)
Xuét hién cac peak dic trung cho cac nguyén t6 O, Al, Si, K, C, Mg, Fe; trong d6 peak cua O, Al, Si
¢6 cudng dd manh, chang 1a thanh phan chinh cua kaolin, chiém khoang 93% vé khéi lugng, con
lai la Twong nho cac nguyén t tap chat nhu K, C, Mg, Fe. Sau khi urea va kaolin dwoc t6 hop voi
nhau thanh U-K nha cham, phé EDX cta U-K (Hinh 6b) xuét hién cac peak dic trung véi cuong do
manh dic trung cho cac nguyén t6 O, Si, Al, N, C, dy 1a thanh phan chinh ciia mau phan bon U-K,
ching chiém khoang 96% vé khéi lugng, con lai 1a cac nguyén t6 Fe, K, Mg. Pho EDX cua U-K
Xuét hién peak ciia nguyén t6 N, dong thoi % khdi lugng cua cac nguyén td Al, Si, O giam so Véi
mau urea, ching to6 mau urea-kaolin da dwoc tong hop thanh cong tir cac chit dau 1a urea va kaolin.
Két qua nghién ctru EDX phu hop véi két qua thu duoc tir phéan tich IR, XRD.

3.6. Ph©on t2ch nhi Mt trxZng | _1ng cva phOoOn

Phan tich nhiét trong luong ctia mau kaolin (Hinh 7a) xudt hién mot giai doan suy giam trong
lugng trong khoang nhiét d6 150 °C dén 800 °C v&i tong khéi lugng bi hao hut la 14,76%. Dinh
peak mat khéi lwong & 538,06 °C do lién quan dén sy mat nue két tinh hay qua trinh dehydroxyl
hoéa cua kaolin tao metakaolin [15]. Qua trinh dehydroxyl héa cia kaolin xay ra & khoang nhiét
do6 400 -700 °C: Al,Si,05(0H),; — Al,052Si0, (amorphous metakaolin) + 2H,0.

Phén tich nhiét trong lwong cia mau phan bon U-K (Hinh 7b) cho thiy, & khoang nhiét do 0-
100 °C mau phan bén U-K bén, khong bi t6n hao khdi lugng. Mau phan bén U-K xuét hién mot
giai doan suy giam trong luong trong khoang nhiét d6 100 °C dén 600 °C véi téng khdi lugng bi
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hao hut 13 55,29%. Dinh peak mét khéi luong & 283,62 °C, tng v6i qua trinh phan hiy urea xen

k& urea trong vat liéu va loai bé d6 4m cta nudc do hap phu trén mau [17], [18].
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4. Két luan

Nghién ctru di ché tao thanh cong phan bon urea-kaolin nha cham theo phuong phap co hoa
(véi cac budc nghién kho, dun ép, cit soi, tao vién) st dung kaolin Phu Tho, Viét Nam lam phu
gia két dinh va mang dinh dudng. Qua trinh co hoa gitp cac phén tir urea két hop vao céu trac
cua kaolin. Sy c6 mat cua kaolin trong vat li¢u da lam ting do bén vién phan bon, giam tde do
nha chét dinh dudng ctia miu phéan urea-kaolin. Mau phén urea-kaolin ché tao chtra ham luong
kaolin > 60% da d4p tng tiéu chuan phan bon nha cham cua CEN; mau phéan chira 60% kaolin
sau 24 gio va 96 gio ngdm trong nude nha lan luot khoang 15,05% va 56,32% N. Két qua nay 1a
co s6 cho viéc hoan thién qui trinh ché tao va ng dung phan bén urea nha cham sir dung phu gia
thién nhién 1a khoang sét kaolin trong san xuat nong nghiép.
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