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TINH CHAT VA TOC PQ NHA DINH DUONG TRONG DAT
CUA PHAN BON KALI NHA CHAM QUA LOP PHU POLYME

Tran Quéc Toan
Truong Dai hoc Su pham — PH Thai Nguyén

TOM TAT

Mot loai phan bon kali nha cham da dugc t6 hop bang cach phi polyacrylamit 1én vién phan bon kali
dé giam that thoat chit dinh dudng ctia phan bon. Phan kali dang hat dwoc tong hop tir K;SO,,
bentonit va polyacrylamit. Cdu tric va dic tinh giai phong chit dinh dudng ctia phan bén qua 16p phi
polyacrylamit di dugc nghién ciru boi FTIR, TGA va EDX. Két qua cho thiy miu phéan bén co ty 18
khi lugng K,SO,: bentonit: PAM 1a 80: 20: 0,25, 16p phu khoang 1% polyacrylamit, trong dat nha
khoang 81,25%K trong 7 tudn. Nghién ctru dong hoc cho thiy toc do nha kali cta phan bon kali nha
cham c6 thé duoc biéu dién bang phuong trinh biéu kién bac 1 ¢ 25°C voi R? ~ 1.

Twr khéa: phdn bon, kali sunfat, nha cham, polyme, dat
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PROPERTIES AND NUTRITION RELEASE RATE IN THE SOIL OF SLOW-
RELEASE POTASSIUM FERTILIZER VIA POLYMER COATING LAYER
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ABSTRACT

A slow-release potash fertilizer was prepared by coating polyacrylamitde onto granular potash
fertilizer, which could minimize nutrient loss. Granular potash has been synthesized from
conventional K,SO, bentonite and polyacrylamitde. The structure and nutrient release
characteristics of it via polyacrylamide coating layer were investigated by FTIR, TGA and EDX.
The results revealed that the sample with mass ratio of K,SO, : bentonit : polyacrylamitde of
80:20:0,25, coating layer of about 1% of polyacrylamitde released 81,25% potash in soil, in 7
weeks. The kinetic study showed that the potash release rate from the granular slow-release potash
fertilizers could be represented by pseudo-first-order equation at 25°C with R? ~1.
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1. Mé dau

Phan bon cé vai trd quan trong trong viéc
nang cao niang suit va chat luong nong san.
Tuy nhién viéc lam dung phan boén hay su
dung phan bon khong diing cach 1a mot trong
nhitng nguyén nhan gy 6 nhiém moi truong.
Phan bon nha cham la mdt gidi phap hitu
hiéu, ki thuat tién tién nhat cung cap chat dinh
dudng cho cdy trong. Khi cic chit dinh
dudng ciia phan bon nha cham dugc thiét ké
nha tir tir cho cay hap thy, dap tng nhu cau
dinh dudng cta cay trong, giam thiéu sy that
thoat phan bén va bao vé moi truong [1].
Phan bén nha cham phu (boc) polyme
(PCRF) 1a loai phan kiém soat tot nhat qua
trinh nha dinh dudng cta phan bon thong qua
16p phu polyme. Ban chat va do day 16p phu
polyme déng vai tro chinh kiém soat qué trinh
nha chit dinh dudng ctia PCRF. So véi cac
loai phan bon nhd cham khéng c6 16p phu
(thuong 1a ure nha cham: ure-formaldehit,
ure-isobutyraldehit...), PCRF ngay cang dugc
nghién ciru va ung dung nhiéu do ching cé
kha ning diéu khién cac chéat dinh dudng da
dang (N,P, K...), khong bi anh hudng boi tinh
chat ciia dat [2-5]. Hién nay, cac polyme than
thién v&di moi truong nhu polyacrylamit,
chitosan, lignin...dang dugc quan tdm, nghién
ctru sir dung 1am 16p phu dé thay thé cho cac
polyme tong hop do ching c6 gia thanh thip,
c6 thé han ché duge x6i mon dat va kha nang
phan hdy sinh hoc tuyét voi [1]. Pa cé nhitng
nghién ctru cho thay PCRF khong chi lam
giam sy that thoat dinh dudng, ma con lam
bién doi dong hoc qua trinh nha dinh dudng,
tir d6 cung cdp cac chat dinh dudng cho cay
trdng pht hop hon véi nhu cau trao doi chat
ciia chung [6-9]. Nhu vay voéi mdi loai phan
bon nha cham méi duoc phat trién thi viéc
nghién ctru tinh chat, téc d6 nha va mé hinh
nha chat dinh dudng cua ching 1a rit quan
trong dé danh gia hiéu qua cua cac loai phan
bon va thiét ké loai phan bon phu hop vai cac
giai doan phat trién clia cdy trong. Mic du co
nhiéu phuong phap, mé hinh dy bao qua trinh

nha chat dinh dudng da duoc phat trién,
nhung cho dén nay van chwa c6 mot phuong
phap, mé hinh pht hop va chuan héa nao duoc
cong nhan. Cac két qua mo hinh héa déu dua
trén gia thiét rang qué trinh giai phong chét dinh
dudng tir phan bén phu polyme dugc kiém soat
mot cich don gian boi sy khuéch tan cua chét
tan qua 16p phu [9].

O bai bao trude, qua trinh tong hop phan bon
kali nha cham dang vién va ddc tinh nha cham
trong nuéc di duoc cong bd [10]. Trong bai
bao nay ching t6i nghién ctru tinh chat va toc
d6 nha dinh dudng trong dat cua phan bon
kali nha cham véi 16p phu polyacrylamit lam
co s& cho viée ché tao va ung dung cic san
pham phan bon kali nha cham.

2. Thue nghiém

2.1. Nguyén li¢u va héa chit

Polyacrylamit (PAM) dang hat mau tring c6
trong lugng phan tur 3,8. 10° (g/mol), ciia Vién
Hoéa hoc - Vién Han 1d&m Khoa hoc va Céng
nghé Viét Nam.

Khoang sét Bentonit Tuy Phong - Binh Thuin
(B), ham lugng montmorillonit tir 49-51%,
kich thudc hat < 20 pm, d6 am < 5%.

K,SO, dang hat mau trang, ham lugng K,0 >
50%, S > 17%, Trung Qudc.

Pat thi nghiém dugc ldy tai Hoa Trung,
Pong Hy, Thai Nguyén (pHker: 4,25, CEC:
11,81 meq/100g, OM: 3,17%) duoc phoi kho
trong khdng khi, sang lay cac hat co kich
thudc nho hon 2 mm.

2.2. Cdc phwong phdp phdn tich

Ph6 hdng ngoai ciia mau phan bén duoc do
trén quang phd ké hong ngoai bién doi
Shimadzu IR prestige 21 trong vung 4000-
400cm™ bang ky thuat ép vién véi KBr.

Phéan tich nhiét trong lugng (TGA) cta vat
liu 16p phu dugc thyc hién trén thiét bi DTG-
60H-Shimadzu trong khi quyén Argon tir
nhiét do phong dén 700°C, toc do gia nhiét
10°C/phdit.

Phé tan xa ning luong EDX dugc do trén
thiét bi Jeol 6490 JED.
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Ham luwong kali duoc xac dinh bang phuong
phap quang ph6 hap thu nguyén tir (AAS)
trén may quang phd hap thu nguyén tr AAS
novAA 400P — Analytik jena.

2.3. Téng hop phén bén kali nhd chiam

Loi phan bon dugc chuan bi béng cach tron
déu cac hat K,SO, cung voi chét mang
bentonit va mét lugng dung dich chit két dinh
PAM theo ti 1& khéi luong K,SO,: bentonit:
PAM la 80:20:0,25 [10]. Hon hop sau do6
duge dun thanh soi va cat thanh vién hinh tru
c6 duong kinh trung binh 3 mm, dai 5 mm.
Céac vién hinh try nay duoc vo thanh vién tron
¢6 duong kinh trung binh 3-4 mm trén thiét bi
vo vién thudc dang chao nghiéng, sau d6 lam
khé trong ti sdy trong 8 gio. Loi phan bon
dang vién tron duogc dua vao thiét bi tréng
quay tu ché tao va gia nhiét dén 50-70°C, sau
d6 phun déu dung dich poliacrylamit 1én bé
miat hat phan bon trong thoi gian 45 phat dé
tao l6p phu cho phan boén véi ti 1€ 50 g dung
dich PAM 2,5% cho 100 g 18i phan bén. San
pham duoc lam kho dén khéi luong khong
ddi va bao quan trong binh hat am. Ti Ié boc
cua l6p phu [7] dugc tinh theo cdng thac sau:

Khdi lwong 1ép phi
Tilé boc = MEPP

Khéi ligng vién phan -100%
Két qua thu duoc vién phan bon kali ¢6 ti 1é
boc PAM la 1,0%.

2.4. Diic tinh nha kali trong dit ciia phén bén
Chuén bj cac éng nhya PVC c¢6 duong kinh
80 mm, dai 30 cm, dudi day dng c6 van xa,
dau trén c6 nap day. Cho 10 gam phan nha
cham tron v4i 1000 gam dat (da duoc lam sach,
phoi kho, nghién nho) vao éng PVC, thém 500
ml nude ct vao trong éng. Sau mdi khoang thoi
gian xac dinh, nudc trong éng PVC duoc hut ra
bang may hut chan khong va thay thé bang 500
ml nuéc cit méi. Ham luong kali trong dung
dich dwoc xac dinh bang phuong phap quang
phd hap thu nguyén tu.

Tét ca cac mau déu duoc thuc hién lap lai 3
lan, gi4 tri trung binh dugc coi 1a ham luong
K ctia mdi miu. Thoi gian nha K ctia phan

nha chdm duogc coi 1a thoi gian ma qua trinh
nha tich lily dat t6i 80% tong lugng K [1].

2.5. Pong hoc qud trinh nhd chit dinh
dwéng ciia phin bén trong dit

Dé nghién ctru dong hoc qua trinh nha chat
dinh dudng cta phan bon nha chdm trong dat,
ba md hinh dong hoc biéu kién da duoc khao
sat [1].

* M6 hinh dong hoc biéu kién bac 0:

Ci=kot o 1)
* Mo hinh dong hoc biéu kién bac 1:
In(Cy-Cy)= -ky.t —In(Cy-C)) 2

* M6 hinh dong hoc biéu kién bac 2 :
11
Cb - Ct Cb - Ci

Trong do:

+k,.t (3)

Cy: ndng d06 chat dinh dudng & thoi diém can
bang (mg/1)

Ci: ndng d6 chat dinh dudng o thoi diém t
(mg/l)

Ci: nong d6 chat dinh dudng ¢ thoi diém
dau, =0

ko: hing sb téc d6 nha bac 0 biéu kién

ky: hang s6 téc do nha bac nhat biéu kién
(ngay™)

k,: hing sb toc do nha bac hai biéu kién
(I.mg™t.ngay™)

Tu cac gia tri thyc nghiém xac dinh dugc
cac gia tri C; (mg/l) tai thoi diém t (ngay) va
Cy (mg/1) khi qué trinh nha dat can bang. Tir
cac phuong trinh ciia mo hinh dong hoc xay
dung dugc, co6 thé xac dinh duoc cac hé‘mg sb
nha ko, Ky, K, va hé sb tuong quan R%

3. Két qua va thao luin

3.1. Pdc trung vit ligu caa lép pha PAM
ciia phan bon

3.1.1. Phé hong ngoai ciia 16p phiit PAM (IR)
Két qua do pho hong ngoai ciia l6p phit PAM
(hinh 1) cho thay cac dai hap thu dic trung
cua PAM chang t6 PAM dugc hinh thanh
trén 16i phan bon. Dai hap thu ¢ tan sb
3461,20cm™ véi cudong d6 manh dic trung
cho dao dong hoda tri cia nhom -NH, trong
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CONH,. Dai hip thy c6 tan s6 & ving
1553,63cm™-1649,35cm™ dic trung cho dao
dong hoa tri caia nhom —C=0 trong CONH,.
Dai hap thu c6 tan sb ¢ 1106,75 cm™ dac
trung cho dao dong hoa tri cua C-C [7].

9 8 8 8 8 B

2 B . B § 8 8

Hinh 1. Phé IR cua I6p phi PAM cua phan bon
3.1.2. Phan tich nhiét trong luong (TGA)
Gian do phan tich nhiét trong lwong cua 16p
pha PAM dugc trinh bay trén hinh 2.

Hinh 2. Gidn d6 TGA cua l6p phi PAM
Két qua phan tich & hinh 2 cho thdy, 16p pha
PAM bi phén huay trong khoang nhiét do tu
trén 50°C dén 600°C voi ton hao trong luong
tong s 1a 81,72%. Tai ving nhiét tir nhiét do
phong dén 133°C 1a giai doan bay hoi nudc va

1 Wimght %
'n;l

cac tap chat d& bay hoi. Tir 133°C dén 315°C
la giai doan xay ra qué trinh imit hoa; H,O
NH3; va mét lugng nhé CO, duoc giai phéng
dudi dang cac san pham phu cua qué trinh tao
thanh imit va phan hay. Tai ving nhiét tir
315°C dén 600°C xay ra qua trinh phan huy
cac imit dé tao thanh cac nitrin va giai phong
cac hop chat dé bay hoi nhu CO, va H.0,
mach chinh ciing bi dut mot phan. Két qua
nay phi hop véi cac tai liéu da cong bd vé do
bén nhiét cua PAM va chang to phan kali phu
PAM bén nhiét ¢ diéu kién thuong [11].

3.2. Phé tan xg ndng lweng ciia san pham
bé kiém tra sy c6 mit coa K,SO, va PAM
trong bentonit chdng téi tién hanh chup phé
tan xa ning luong (EDX) cua bentonit va mau
phan bon (sau khi da phi PAM) thu duoc két
gua & hinh 3.

Két qua phd EDX cua bentonit (hinh 3.a) cho
thiy thanh phan chinh cua bentonit 1a O, Si,
Al, C ngoai ra con c6 mot luong nho Fe, Ca,
N, K, Ba. Mau phan bon cé thanh phan chinh
la K, S, O, C ngoai ra con cé mét lugng nho
Al, Fe, Si, N (hinh 3.b). Trong d6 ham lugng
N, C & mau phan bon cao hon so véi mau
bentonit. Diéu ndy chang té6 sy bd sung
K,SO, va PAM vao bentonit thanh cong.
Riéng Ca, Mg, Ba khong thdy xuit hién pic
dic trung & mau phan bon ¢ thé do ching co
ham luong nho nén da gay sai s6 két qua phan
tich [2,7].

(b)
Hinh 3. Phé EDX cua bentonit Binh Thudn (a) va mdu phdn bén (b)
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3.3. Dic tinh nhd kali ciia san pham trong dit

Két qua khao sat kha ning nha cham cta san pham trong dat (hinh 4) cho thay, trong tuan dau
tién phan nha khoang 16,33% K va ting nhanh & c4c tuan tiép theo, dat 81,25% ¢ tuan 7. Nhu
vay san pham phan bon téng hop dugc da théa man didu kién cua phan bon nha cham theo tiéu
chuan cua Uy ban chuan hoéa Chau Au [1]. Két qua nay 1a co s& cho viéc thiét ké cac md hinh

rng dung phan kali nha cham theo chu ki sinh truéng caa cay trong.

oD

B0 //M—’—"

i 2 3 R 5 6 7 B8 9 fa

Thot glan (tuan)

Hinh 4. Bé thj biéu dién ha leong kali nha trong dat mede theo thoi gian
3.4. Déng hoc qud trinh nhd chit dinh dwéng ciia phin bén trong dit

Két qua mo ta dong hoc qua trinh nha chit dinh dudng cta phén kali nha chdm duoc bién dién

trén hinh 5 va dugc tong hop trong bang 1.

Ct(mgKig) a LniCh-Ct) b
4300 P T : i
4;;.-’ Phuong trinh biéa kién bic 0 = Phuemg trinh bidu kién bic 1
0 B e
B -~ = s
1300 - ° e
3000 o B ~®
2300 & T .
2000 - y= 467 3+ 63208 4 Y=, 579 + B.169
1500 > R'- 0555 3 R*=0.97G
w00 4 " 1
300 " 1
oe o
0 1 2 3 4 5 8 7 ] a i 2 3 4
Thai gian (tuan) Thai gian (tuin)
LACH-CH) <
9,003
Phwong trinh bigw kien bic 2 »
00025
0,002 =
00015
*
2001 -
° y= 0.0006x - $E-05
50005 - R = 0.807
> G
- ’
£ 0005 1 ‘
Théd glan {twin)

Hinh 5. Béng hoc nha Kali trong dat dang tuyén tinh theo phwong trinh biéu kién béc 0 (a),
bdc 1 (b) va bac 2 (c)

Bang 1. M6 hinh dong hoc qud trinh nha chdt dinh dudng cia mau phan bén kali nha chdm

Béc phan ing Mo hinh déng hoc biéu kién Hing s nha R’
Bac 0 C=467,34.t +632,99 632,99 0,896
Béc 1 Ln(C,-Cy=-0,5298.t +8,1699 8,1699 ngay™ 0,976
Bac 2 1/(C,-C;)=6.10".t — 0,00003 3.10° g.I".ngay™ 0,807
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Gi4 tri cac tham sd ciia md hinh dong hoc biéu
kién thu duoc tir bang 1 cho thiy hé sé twong
quan R? cia md hinh dong hoc biéu kién bac 1
dat gia tri 16n nhat (1a 0,976) so vdi cac mod
hinh dong hoc biéu kién bac 0, bac 2 (co gia tri
tuong Ung 1a 0,896 va 0,807). Nhu vdy mod
hinh déng hoc biéu kién bac 1 1a phu hgp hon
ca & mo ta qua trinh nha chét dinh dudng cta
phan bon kali nhd chdm qua l6p phu PAM
(R?% 1). Két qua nghién ciru nay hoan toan
pht hop véi nhimg gia thiét cia mé hinh
khuéch tan nhiéu giai doan dugc dé cap trong
[1]. Theo mé hinh nay, khi bé qua anh hudng
ctia nhiét do, chidu day 16p phu, qua trinh nha
chat dinh dudng ctia phan bon kali nha chim
c6 thé duogc chia lam 2 giai doan. Pau tién,
K trén bé mit 16i phan bon dugc khuéch tan
qua lép phu polyme ra ngoai moi truong, va
sau do K hoa tan bén trong 16i phan bén dugce
khuéch tan dén bé mat 15i vién phan dé chuan
bi cho qua trinh khuéch tan tiép theo.

4. Két luan

Vién phan bén kali nha cham ché tao dugce ¢o
phan 16i chira K,SO,, bentonit, PAM (vdi ti 18
khéi luong l1a 80:20:0,25) va 16p phu PAM
(chiém 1% khdi lugng vién phéan) bén 6 nhiét
d6 thuong. Trong dit phan nha khoang
81,25%K trong 7 tuan. Téc d6 nha kali cua
phan boén kali nha cham tuan theo mé hinh
khuéch tan nhiéu giai doan, c6 thé duoc biéu
dién bang phuong trinh dong hoc biéu kién
bac 1 (¢ 25°C).

Két qua nghién ctru nay 14 co so tng dung cac
loai phan boén kali nha chdm c6 thoi gian nha
dinh dudng thich hop v6i nhu cau dinh dudng
ciia cdy trong, 1am ting hiéu qua sir dung
phén bon va bao vé moi truong.
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