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Tém tit

Hydrogel ly giai cham NPK duoc diéu ché bang ky thuét ghép birc xa acid acrylic (AA) Ién mach
cta phén tir caboxymethyl cellulose (CMC) c6 chira lugng NPK véi ti 1€ 1an luot 14 14:13:13. Anh huéng
ctia lidu xa, sut lidu ti 16 AA:CMC dén qua trinh tao gel ciing dwoc khao sat. Két qua cho thy, lidu xa cang
cao thi ham luong gel tao thanh cang 16n va do truong nudc giam. Ham luong gel tao thanh khi chiéu xa
hén hop AA:CMC véi ti 16 10:1 (w/w) & liéu xa 15kGy, sut liéu 1,82 kGy/h dat 97,8%. Céc dic trung ciu
trac cta hydrogel chita NPK dugc xac dinh bang phd hong ngoai bién dbiFourier (FT-IR) va phan tich nhiét
luong quet vi sai (DSC). Bg truong nudce bao hoa va thoi gian ly giai NPK cua gel trong méi truong nude
va moi trudong dat duoc khao sat. Két qua nghién ctru cho thdy vat lidu gel tao duoc co do truong nudce
cao va NPK c6 thé giai phongcham khoi hydrogelkhi dua vao moi trudng nude va dét (trdng).

Tur khéa: Hydrogel; ghép buc xa, NPK, gidi phong cham.
1.MO PAU

Trong nhirmg nim qua, phan bon di déng gop quan trong trong thanh tich phat trién néng
nghiép Viét Nam. Hang vy, hang nim, ngoai luong dinh dudng ciy ldy di thi chat dinh dudng
con bi mét di theo nhidu con dudng khéac. Trong d6, mot phan 16n 14 bi rira troi do nude va do
gio. Pé giit cho d6 phi nhiéu cta dat duoc 6n dinh thi ngoai viéc ap dung ché do canh tac dung,
can bd sung chat dinh dudng, chat khoang hang nam cho dat theo nguyén tic cay lay di bao
nhiéu, ta bd sung lai mot luong twong duong. Trong s6 cac thleu hyt vé dinh dudng dbi véi cay
trong trén cac loai dat & nude ta, 1on nhat va quan trong nhat van 14 su thiéu hut vé dam, 1an va
kali (N P K). Pay ciing 12 nhitng chit dinh dudng ma ciy trong hip thu voi luong 10n nhat va s&
chi phéi hudng sir dung phan bén. Tuy nhién hién nay & nude ta tinh trang nguoi nong dan lam
dung phan bon, khong tuan thi quy trinh k¥ thuat di gy mat can bang sinh thai, 6 nhiém méi
truong dat, nude ving néng thon. Thong ké tir naim 1985 dén nay cho thay, dién tich gieo trong &
nudc ta chi tang khoang 60% nhung lugng phén bon tiéu thu tang to1 500% [1]. Viét Nam hién
sir dung khoang 10 triéu tn phan bon cac loai mdi nim. Trong d6, phan dam uré chiém khoang
19%, 1an 18%, kali 9%, NPK 37%, DAP 9%, SA 8%. Udc tinh dua trén dién tich gieo trong cac
cdy trong va liéu lugng bon trung binh cho cac cdy trong khac nhau thi lvong phan bén st dung
cho cay lta chiém toi 68%, ngd 8,7%, ciy cong nghiép 13,3%, rau qua 1,7%, cdy trong khac
7,6%. Tinh trén don vi dién tich thi lugng phan bén sir dung trung binh mdi nam 1a 1000 kg/ha
dat san xuat néng nghiép, 750 kg/ha dién tich gieo trong [1-2]. Theo két qua diéu tra cua FAO
(2012), hi¢u qua sur dung phan bon ¢ Viét Nam ch1 dat 45-50%. Két qua diéu tra ciing chi ra rang
trong san xuét laa gao nong dan Viét Nam tiéu ton phan bon va thubc BVTV trén mot don vi
dién tich cao nhat thé gidi. S6 tién bi lang phi do mat di ma nguyén nhan 12 do st dung phén bén
khong dang va khong can d6i hang nam udc tinh 1,5-1,7 ty USD [3].

Gan day, cac loai phan bon cham tan “phan bon thé hé méi” tir cac polymer tu nhién dang
dugc quan tdm nghién ctru va da cho cac két qua kha quan [4-5]. Bao cao ndy trinh bay cac két
qua nghién ctru vé anh hudng cia cac thong sb gia cong dén dic tinh va mirc d6 giai phong NPK
tur hydrogel ghép buc xa.

2. THIET BI VA PHUONG PHAP NGHIEN CUU
2.1. Thiét bj dung cu

- Thiét bj chiéu xa la nguon gamma Co-60 GC - 5000 (BRIT, An D9), hoat d§ 4000Ci,
suat licu 1,82 kGy/gio (trung tdm budng chiéu).



- Thiét bi do phd hong ngoai chudi Fourier FT/IR-4600, Jasco, Nhat Ban.

- Thiét bi phan tich nhiét vi sai DSC-60, Shimadzu, Nhat Ban.

- Thiét bi quang phd hép thu nguyén tir AAS A4—6800, Shimadzu, Nhat Ban.

- Mot s,é trang thiét bi’dung cu k,héc dung cho thi nghi€ém nhu: Bir}h tam giac, éng dong cac
loai, may khay tir, may khuay co, tu say chan khong, can phan tich, bé 6n nhig¢t...

2.2. Nguyén vit liéu - hoa chat

- Sodium Caboxymethyl Cellulose (CMC) cua Sigma voi M,~250.000 va DS = 0,7;
Acrylic acid (AA), Ure, (NH,4),HPO,4; KCI dang tinh khiét phan tich.

- Nuéc cat mot 1an duoc sir dung cho thi nghiém.

2.3. Phwong phap nghién ctru

- Polyme héa ghép birc xa CMC va acrylic acid

Copolyme hoa ghép birc xa dugc tién hanh theo phuwong phap cua Lik Anah va cong su
(2015) [6]: Cén chinh xac 10g CMC hoa tan vao 100 ml nudc. Thém 100 g acrylic acid vao
khudy déu trong 30 phat. Thém (NH4):HPO4; CO(NH>), va KCI tuong mg voi ti 1¢ N 1a 14 %,
P,Os1a 13 % vaK,01a 13 % Va tién hanh chiéu xa bang thiét bi chiéu xa Gamma Chamber 5000
¢ khoang lidu xa 0-25 kGy, suét lidu 1,82 kGy/h. Hat gel chira NPK tao thanh dugc say kho,
nghién nho va xac dinh kha nang ly giai NPK.

- Xiac dinh diic trung tinh chit ciia vt liéu ghép

+ Xdc dinh déc trung nhom chire bang phé hong ngoai FI-IR:

Mau dang kho duogc dua vao dung cu do mau nhanh ATR PRO ONE cua ‘thiét b1 FT-IR
4600, Shimazu, Nl}ét Ban va do phf) IR. Mau sau khi do dac xong dugc xtr ly bang phan mém
SpectraManager dé tinh toan d hap thu cua cac nhom chuce trong phan tu.

+ Xdc dinh cdu tric qua tinh chat nhiét:

Nhiét d6 nong chdy va phan hay cua mau duoc xac dinh trén thiét bi phan tich nhiét luong
quét vi sai DSC-60, Shimadzu, Nhat Ban, trong khoang nhiét d6 do tir 0-600 OC, tdc d6 bom khi
nito 1a 50 ml/ phut. Khoang gia nhiét 1a 10 C/phit. Mau sau khi do dac xong tién hanh xu 1y s6
liéu bang phan mém TA 60.

- Panh gia tinh chét cia hydrogel

Tién hanh copolyme héa ghép buc xa 10 g CMC va 100 g acid acrylic. Lugng gel tao
thanh dugc say kho hat chan khong va luu gitr dé dung cho cac thi nghiém vé sau.

+ Xac dinh ham luong gel tao thanh:

Ngam mau gel 48 gid trong nuoc cat & nhiét 4o phong dé hoa tan cac homopolyme, cac
monome chua phan Umg, cac chat phu gia con du. Sau d6 say kho phéan khong tan dén khoi luong
khong do61 dé xac dinh ham lugng gel tao thémh va dugc xac dinh theo cong thuec:

We(%) = — x 100 )
Trong dé: - m 1 khi luong khé cua gel sau khi chiét
- m, 14 khéi lugng kho cua gel trude khi chiét

+ Xdc dinh do trwong nwdc bdo hoa:
Chat kho cho truong nudc trong 24 gior dé khao sat anh huong cua lidu xa dén do truong
nudc cua bao hoa hat gel va dugc tinh theo cong thirc:
M
S(ge) = 3 2)
r 1 b
Trong do: - M; 1a khoi lugng cua gel ban dau
- M; 1a khéi lugng cua gel sau khi truong nudc

- Xdac dinh téc d giai phong NPK tir hydrogel ghép birc xa



Ham lugng NPK c¢6 trong hydrogel ghép buc xa duge xac dinh bang phd hap thy nguyén
tr AAS A4-6800, Shimadzu, Nhat Ban. Toc do giai phong NPK tir hydrogel dugc xac dinh bang
cach ngdml g hydrogel (dé xac dinh ham lugng NPK) vao 100 ml nugc cat. Theo dinh ky 5; 10;
15; 30 va 45 ngay, dem mau nudc di phan tich dé xac dinh luong NPK giai phong vao moi
truong.
~ + Tuong ty, 1g hydrogel (da xac dinh ham lugng NPK) duoc tron déu vao 200 g dat (do
am 60%). Theo dinl} ky 10; 20; 30; 50; 7Q va 90 ngay, Toan bd mau ~détt s¢ duogc lay (jem ngam
trong 500ml nudc cat trong 3 h sau do chiét 100 ml dung dich dem mau di phéan tich dé xac dinh
luong NPK ly giai.

Dung phan mém Excel va SPSS dé xur 1y s6 liéu.
3.KET QUA THAO LUAN
3.1. Anh huéng ciia diéu kién chiéu xa va ti 18 AA/CMC dén tinh chit hydrogel
- Anh huéng ciia lidu xa téi lwong gel tao thanh

Anh huéng cua lidu xa toi lugng gel tao thanh dugc trinh bay trong hinh 1. Cac két qua
nghién ctru cho thdy ham luong gel tao thanh tang theo lidu chi€u xa, ¢ li€u xa 1a 5 kGy ham
luong gel tao thanh khoang 78,5 % khi tang dan liCu xa 1én ham luong gel tao thanh tang dan va
dat khoang 97,8 % ¢ liéu xa 15 kGy. Tuy nhién khi tang dén lidu xa 1én 20 va 25 kGy ham luong
gel tao thanh tuy c6 tang nhung khong dang ké so vdi chiéu xa ¢ lieu xa 15 kGy. Két qua nay
cling phu hgp v6i bdo cdo cua Sultana va cong su [7].

- Anh huéng ciia suat litu dén ham lwong gel tao thanh

Anh huong cua sut licu t6i lugng gel tao thanh tai liéu xa 15 kGy dugc trinh bay trong
hinh 2. Cac két qua nghién ctru cho thay suat liéu cang cao thi ham luong gel tao thanh cang lon.
Cu the, tai suat lieu la 1,82 kGy/h ham lugng gel dat 97,8% khi suat liéu giam con 0,91 kGy/h
ham luong gel tao thanh dat 91,4% Vf?l khi suat liéu con 0,45 kGy/h thi hém lufgng gel tao thanh
chi dat 83,6%. Diéu nay theo quan diém cua ching t61 1a, khi chiu xa ¢ suat liéu cao thi mirc do
hinh thanh cac lién két ngang gilra cac chudi polyme nhiéu hon vi vay ham luong gel tao thanh
s& ting so vai chiéu xa 0 suat liéu thap hon. Nhu vay lidu xa 15 kGy va suét liéu 1a 1,8 kGy/h
dugc chon lam thong s6 ¢b dinh cho céc nghién ctru tlep theo.
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- Anh huéng cia ti 18 AA/CMC dén ham lwong gel tao thanh

) Anh hudng cua ti 16 AA/CMC (w/w) dén ham luong gel tao thanh khi chiéu xa 15 kGy,
suat liéu 1,82 kGy/h dugc trinh bay trong hinh 3. Két qua khao sat cho thay ti 1€ AA/CMC ciing
anh hudng t61 lugng gel tao thanh. Khi taing dan ham lugng acid acrylic 1én thi ham luong gel



tao thanh c6 xu hudng giam. Diéu nay c6 thé giai thich, khi ham luong AA qua cao lugng
homopolyme tao thanh s& ting 1én vi thé lugng gel tao thanh s& giam. Cu thé véi ti 16 AA/CMC
l1a 1/10 ham lugng gel tao thanh dat 97,8 %. Khi tang lugng AA 1én ¢ ti 1¢ AA/CMC 1a 3/10 ham
luong gel tao thanh dat 83,5% va khi ti 1€ AA/CMC la ' thi ham luong gel tao thanh chi dat
74,8%.

- Anh huwéng cia liéu xa dén do trwong nwéc bio hoa ciia hydrogel

Anh huong cua liéu xa dén do truong nudc bao hoa cua hat gel voi ti 1€ AA/CMC 1/10
(w/w), suét lidu 1,82 kGy/h dugc trinh bay trong hinh 4. Cac két qua nghién ctru cho thdy anh
huong cua lidu chiéu xa dén d6 truong nudc bio hoa cua hydrogel khong theo quy luat nhat
dinh. O khoang liéu xa tir 5-10 kGy d¢ truong nude cua gel tang dan, dat khoang 246 lan tai liéu
xa 10 kGy. Tuy nhién khi tang liéu xa 1én thi do truong nudc cua vat li¢u lai giam dat 102 lan &
lidu xa 15 kGy, khi liéu xa tang 1én 25 kGy d6 truong nudc cua vat liéu chi con khoang 46 lan.
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Tir cac két qua khao sat anh huong cua lidu xa toi luong gel tao thanh va anh hudéng cia
lidu xa dén do truong nude cua gel cho thay, tai liéu xa 15 kGy ham luong gel tao thanh dat gia
tri gan nhu bio hoa va do truong nude bao hoa cua gel dat 102 (g/g). Két qua nay la do mat do
khau mach tang theo heu chiéu, 1am cho céu trac hydrogel tr¢ nén chat ch€ voi nhiéu diém khau
mach va it khoang tréng dé hip thy nudc hon. Piéu nay ciing phi hop véi nghién ctru caa
Dafader va cong su [8]. Vi véy, hydrogel hinh thanh v61 d6 truong vira phai ¢ mirc 102 lan duoc
ky vong 13 vira c¢6 thé giit nudc vira ¢6 co thé giai phong NPK vao mai truong cho thyc vat hap
thu.

3.2. Pic trung céu tric cia vit li¢u hydrogel

- Pho hong ngoai FT-IR

Phd FT-IR ctia CMC va gel chita NPK dugc trinh bay trong hinh 5. Trén phd hong ngoai
cua CMC cho théy mot dinh hép phu rat manh tai 3367 cm’ dac trung dao dong cua nhom O-H,
mot dinh hép thy & 2923 cm™ 1a dao dong ciia nhom —CH,-, 1587 cm™ dic trung dao dong cua
nhoém cabonyl C=0. Trén phd hong ngoai cua gel chita NPK cho thiy rang, sau khi phan ng dai
hap thu 3664-2409 (dac trung cua dao dong nhom O-H) trong phéan tir gel NPK glam va chong
14p dinh hip thy 2923 (nhém —CH,-) cia CMC. Mét dinh hdp thy mé&i & 1710 cm™ hinh thanh
cho thay su lién két cia nhém C=0 trong phan tr CMC v&i nhém —COOH cua acrylic acid. Dao
dong C=0 chuyén dich vé 1561 cm™ (dinh hip thu 1587 cm™ trong phén tir CMC) cho thdy ring
copolyme di hinh thanh. Cac két qua phén tich hong ngoai FT-IR chi ra rang. Monome acrylic
acid da duoc ghép 1én phan tir CMC tao cac mang ludi khong gian 3 chiéu chira NPK.



- Tinh chét nhiét ciia hat gel sau chiéu xa

Két qua khao sat tinh chat nhiét cua hat gel NPK dugc trinh bély trong hinh 6. Céac két qua
cho thiy & gian d6 nhiét cia CMC cho thdy ¢ 1 dlnh thu nhiét & 115 °C tuong trung cho sy mét
nudc trong phan tr CMC va dinh toa nhiét ¢ 322 °C tuwong trung cho sy phan huy chu01 polymer.
O gian d6 nhiét cua hat gel NPK, dinh thu nhlet & 114 °C tuong trung cho sy mat nudc trong
phan tr, tuy nhién dinh toa nhiét lai ting 1én 377 °C diéu nay ching to acrylic acid da dugc ghép
1én mach caa phan tir CMC. D¢ polyme hoa ting 1én tao mang ludi khong gian 3 chiéu, tir 6
1am cho polymer c6 tinh bén nhiét hon.
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Hinh 5. Phd h("ing ngoai ciia CMC va gel Hinh 6. Gian do phan tich nhiét vi sai DSC
chira NPK cua CMC va gel chira NPK
3.3. Toc dp giai phong NPK tir hydrogel chira NPK
Kha nang ly giai NPK (14:13:13) tmg v6i lugng N 14 14 %, P,Os1a 13 % va K,O 1a 13 %
ctia hydrogel trong méi trudng nude va moi trudng dit & nhiét dd phong 25 °C duoc trinh bay
trong hinh 7 va hinh 8.
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Céc két qua khao sat cho thay luong dinh dudng ly giai tang theo thoi gian. Cu thé, sau
30 ngay luong NPK ly gidi trong nudc c6 ham luong lan lugt 1a 43,9; 14,9 va 39,5 % va mtc do



ly giai NPK trong dat sau 30 ngay lan luot 14 12,1; 8,5 va 12,5 %. Co thé nhén thiy rang murc do
ly giai dinh dudng cua photpho chdm hon so v6i nito va kali. Di€u nay c6 thé giai thich rang co
su twong tac tinh dién gita nhom phosphat va nhoém caboxyl cia CMC lam cho toc d6 ly gidi ra
ngoai moi truong ciia nhém phosphat cham hon [9].

4. Két luén

- Ché tao thanh cong san pham hydrogel chira NPK bang k¥ thuat ghép birc xa tng dung
trong nong nghiép. Liu xa 15 kGy cho muac d6 hinh thanh gel cao va do truong dat 102 (g/g).
Su hinh thanh hat gel chira NPK bang ky thuat copolymer hoa ghép burc xa da dugc khang dinh
bang pho hong ngoai bién do6i Furrier va phan tich nhiét lugng quét vi sai.

- ba danh gia duoc murc d6 giai phong NPK tur hydrogel trong moéi trudng nudce va dat. O
nhiét do 25°C, toc do giai phong cac chat dinh dudng da lugng nay sau 30 ngay ngam trong nudoc
lan lugt: N 1a 43,9 %; P 1a 14,9 % va K 1a 39,5 %. Trong khi, téc do giai phong chung trong dat
c6 do am 60 % lan luot: N 1a 12,1 %; P 1a 8,5 % vaK 1a 12,5 %.
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Abstract

Controlled-release fertilizers hydrogel was synthesized by radiation grafting of acrylid acid onto
sodium cacoxymethyl cellulose using gamma irradiation. Effect of radiation dose, dose rate and AA:CMC
content used on formation of hydrogel has been studied. Results showed that, the gel content increased
and swelling degree decreased when radiation dose increased. The gel content of hydrogel with AA:CMC
ratio of 10:1 (w/w) reached 97.8 % at 15 kGy with dose rate of 1.82 kGy.h™". The structural characteristics
of hydrogel were determined by Fourier Transform Infrared (FTIR) spectrometer and Differential
Scanning Calorimeter (DSC). The swelling rate, slow release NPK in water, soil and water retention
properties of hydrogel were also investigated. The results showed that the product had high initial
swelling rate and had a good slow release property but also excellent water retention ability, which could
effectively improve the utilization of fertilizer and water resource at the same time.

Key words: Hydrogel, grafting, irradiation, controlled-release.



