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NGHIEN CU'U CHE TAO PHAN BON NPK-TE NHA CHAM
S DUNG HON HOP CHAT KET DINH TINH BOT BIEN TiNH,
TRO BAY VA DAT SET

RESEARCH AND MANUFACTURE OF SLOW-RELEASE NPK-TE FERTILIZER
USING A MIXTURE OF MODIFIED STARCH BINDER, FLY ASH, AND CLAY

Nguyén Van Manh'", Nguyén Ngoc Thanh'’
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TOM TAT

Trong nghién c(fu nay, phan bon NPK(5-10-5)+TE dugc ché tao tir cac phan don chiia dam, lén, kali theo quy trinh phoi trdn mt cap. Tinh bgt san dugc bién
tinh bang téc nhan ortho phét phat tao ra cac lién két ngang dong vai trd la chét dinh két duoc thé hién trong k&t qua phan tich phd héng ngoai IR. Tinh bt phét
phat héa két hop véi dat sét cling vdi tro bay tao thanh mgt mang luGi giam ham cac thanh phan dinh du@ng ¢ trong phan bon, lam giam toc d6 phan ra cla
phan bon. Két qua nghién cu SEM va EDS mau tro bay cho thdy cac hat hinh cau siéu min kich thudc tir vai dén vai chuc micromet chia cac nguyén t6 Mg, Al, Si,
K, S, Ca, Ti, Fe ¢d lgi cho cdy trong, ddc biét ham lugng Silic hiéu qua cao. Kt qua nghién ciu do phan giai dam clia phan bén chira khi st dung 4% (khdi lugng) tinh bot
phdt phét hoa thi ti |& tro bay/dat sét bang 8:12,27 la tot nhat, sau 28 ngay d6 phan giai dam la 20,17%.

Tirkhéa: Tro bay, phdn bon nhd chdm, tinh bét bién tinh.
ABSTRACT

In this study, the fertilizer NPK (5-10-5)+TE has made from single fertilizers containing nitrogen, phosphorus, and potassium according to a one-stage
mixing process. Tapioca starch is modified with orthophosphate to create cross-links that act as binders shown in the (IR) test. Distarch phosphate has combined
with day and fly ash to form a confinement network of nutrient components in the fertilizer and has reduced the decomposition rate of the fertilizer. Research
results of SEM and EDS of fly ash samples showed that the ultrafine spherical particles with sizes ranging from a few to several tens of micrometers containing
Mg, Al Si, K, S, Ca, Ti, and Fe elements are beneficial for plants. In particular, the effective silicon content is high. The research results on the solubility of nitrogen
in fertilizers showed that when using 4% (wt%) of distarch phosphate, the ratio of fly ash/clay was 8:12,27 the best, with the nitrogen resolution at 20.17%
after 28 days.

Keywords: Fly ash, slow-release fertilizer, modified starch.
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1. MG PAU phan bén nha cham nhu st dung cdc monome lién két

Trong nhiing ndm gan day san xust phan bén nha chéo tr cac hda chat nhu Thiol-ene click [1] tao 1&p phu
cham ludn dugc cic nha khoa hoc dic biét quan tam béi boc ngoai phan bén nham kiém soét téc d6 nha cham cta
hiéu qua st dung cao, gidm su bay hoi, rifa tréi, gidm tac phan bon, vat liéu poly (vinyl alcohol) chita day tinh thé
déng tiéu cuc dén mai trudng va stic khée con ngusi. Gan  Nano xenlulo lam vat liéu phd trong nu6c ctia phan NPK
day c6 nhiéu cong trinh nghién cdu tap trung nghién cqu Vi déc tinh giai phong cham va gitf nudc [2], phan bon
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tan cham da chuc nang than thién véi méi truong dua
trén geopolymer x6p dé thic ddy su phat trién cta cay
trong [3]. Nam 2021 nhém nghién ctu ctia Da Don va
cdng su [4] da nghién ctu gidm thi€u phat thai khi mé-
tan trong rudng lua dugc slra d6i bang phan boén tan
cham dua trén than sinh hoc. Nghién ctu da chi ra nhiing
tén tai cGla phan bon hitu co trong dat da ddy nhanh déng
ké viéc phat thai khi nha kinh vé khi mé tan, dac biét trén
cac canh déng lda. Két qua cho thay rang viéc bé sung
phan gidi phdng cham dua trén than sinh hoc lam giam
dang ké 33,4% lugng phat thai CHa, trong cd mua lua so
vGi & phan bén hén hgp hitu co - hda hoc. Ciing trong
nam 2021, nhém nghién ctu cta Mehri Salimi [5] t6ng
hgp phan bén tan cham uré bang cach st dung ma cao
su téng hgp nanocomposite tinh bot-g-poly (styrene-co-
butylacrylate) lam I6p pht nha cham cho phan uré.

Tinh bot phét phat hod la san pham cla phan tng
gitra tinh bot véi tac nhan phét phat, cu thé & day st dung
tadc nhan ortho phét phat (NaH,PO,, Na,HPO,) dé bién
tinh tinh bot. D6 co thé 1a phan (ing phét phat héa (este
hoéa) don gian hoac phan ting tao lién két ngang (khi phan
tr bat ki nao c6 kha nang phan ting véi hai (hay nhiéu
han) nhom hydroxyl déu tao ra dugc lién két ngang gilta
cac mach tinh bét). Tinh bot khi phan Ung véi cac tac
nhan ortho phét phat cho ra mono tinh bét mono phét
phat theo co ché phan Uing nhu sau:

0]
ROH + HO—P— OH—— R— 0 — P— OH + H20
ONa” ONa”
(0] o}
ROH + HO — ﬂ — ONg*—— R— 0 — |I|’_0Na- + H,0
OI|\Ia' ONa~

C6 nhiéu nghién ctu bién tinh tinh bot va nhiing ting
dung cla né trong thuc phdm nhu la mét tac nhan déng
ran [6-10]. Nam 2014, nhém tac gia Nguyén Van Manh
thudc Vién Han lam Khoa hoc va Cong nghé Viét Nam [11]
da nghién ctu ché tao phan bén nha cham trén co sé
khodng sét va tinh bot san bién tinh bang nuéc Javen.
Nghién cttu cho thay tinh bét san dugc bién tinh bai dung
dich nudc Javen trong cac diéu kién thai gian khac nhau
trong moi trudng trung tinh sau 7h cho kha nang két dinh
tét. Mic d6 oxy hoa cua tinh bot dugc xac dinh bang chi
sO cacbonyl va khéi lugng phan tl. Sau dé, tinh bét bién
tinh dugc trén hgp véi phan ure, bentonit trugc khi tao
vién. T6c dé ra va ham lugng dinh duéng ctia san pham
da dugc nghién ctu. Két qua cho thay rang mau tinh bét
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bién tinh sau 7 gi& cho kha nang két dinh t6t nhat, ham
lugng tinh bét t6i uu cho thanh phan phan nha cham la
30% khéi lugng so vai khoang sét. Nam 2016, Tran Van
Quy va cong su [12] da ché tao va Ung dung tinh bot phét
phat lam chat két dinh trong san xuat sat x6p. Két qua
nghién ctu chi ra tinh bot phét phét cho kha nang cai
thién gel hda va tao hé tét haon so véi tinh bét chua phot
phat. Hermida va Agustian [13] da nghién ctu ché tao
phan nha cham trén co s& phan ure va st dung tinh bét,
dat sét nhu nhiing chat két dinh, két qua thu dugc san
pham cé kha nang luu gilt chat dinh dudng t6t trong mo
hinh thi nghiém moét s6 gidéng cay tréng.

Trong nghién ctu nay, mot loai phan bén nha cham
NPK-TE dugc téng hop trén ca s& cac nguyén liéu phan
don nhu ure, supe lan don, phan kali, muéi vi lugng
MgCl,, CuSO4. Ngoai ra, chat dong ran tinh bét phét phat
héa cung véi phu gia tro bay, dat sét déng vai tro chat
mang dugc thém vao dé diéu chinh ti 1& NPK (5-10-5). Cac
phuong phap kinh hién vi dién t& quét SEM, phuang
phap chup phé tan xa nang lugng EDS, phuang phap
phan tich héng ngoai IR dugc st dung dé phan tich thanh
phan va tinh chat clia cac mau tro bay, tinh bot bién tinh
va phan bon. Két qua ma ra mét hudng nghién ctiu mai
vé san pham phan bén nha cham st dung phu gia tro bay
va chat déng ran bang tinh bét phét phat hda cé tinh kha
thi va hiéu qua nha cham tot dong thai gop phan tan
dung dugc chat thai cong nghiép vao san xuat phan bén.

2. VAT LIEU VA PHUONG PHAP NGHIEN CUU
2.1.Vat liéu va héa chat

Bang 1. Thanh phan clia mot s6 loai phan bén

Thanh phan | Ham lugng | Ham lugng |Ham lugng Yusit i
nguyén liéu Nite  |P,0s hitu hiéu| K0
Uré 46 % 0 0 Dam Ha Bac
Phan Supe 0 18% 0 Supe phét phat
photphat Lam Thao
Phén bén KCI 0 0 60 % (anada

Tinh bot bién tinh dugc ché tao tai phong thi nghiém
khoa Céng nghé Hoa, Truong Pai hoc Cong nghiép Ha
NGi di tir tinh bot san clia Cong ty Phuc Thinh TAPIOCA,
huyén Ngoc Ldc, tinh Thanh Héa (ham lugng tinh bét >
85%) st dung tac nhan ortho phot phat dé bién tinh theo
phuong phap bién tinh cta Lars Passauer va cong su [10].

Ma&u tro bay dugc ay ti tro thai cia Cong ty C6 phan
Nhiét dién Pha Lai.

Cac muéi bé sung vi lugng: MgCl,.6H,0 (99,5%), Trung
Québc; CuS04(99,5 %), Trung Quéc.
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Bang 2. Bang tdng hop nguyén vat liéu can cho san xudt 100g phan bon NPK-TE ty 18 5-10-5 véi su thay doi vé ti Ié tro bay/dét sét khac nhau khi cac thanh

phan khac khdng d6i

S'I;T Ki hjéu Ure, (g) Supe lan, Kdl, Tinh bot, Cuso,, MgCl,, | Datsét, | Trobay, | Tdngcong,

mau mau (9) (9) (9) (9) (9) (9) (9) (9)
1 PB-D 10,87 55,56 83 4 0,5 0,5 20,27 0 100
2 PB-T 10,87 55,56 83 4 0,5 0,5 0 20,27 100
3 PB-2 10,87 55,56 83 4 0,5 0,5 18,27 2 100
4 PB-4 10,87 55,56 83 4 0,5 0,5 16,27 4 100
5 PB-6 10,87 55,56 83 4 0,5 0,5 14,27 6 100
6 PB-8 10,87 55,56 83 4 0,5 0,5 12,27 8 100
7 PB-10 10,87 55,56 83 4 0,5 0,5 10,27 10 100
8 PB-12 10,87 55,56 83 4 0,5 0,5 8,27 12 100
9 MO 10,87 55,56 83 0 0,5 0,5 16,27 8 100

2.2, Phuong phap nghién citu

a) Ché'tao phdn bon NPK-TE (5-10-5-TE) nha chém

Thanh phan nguyén liéu NPK-TE v&i ham lugng dinh
dudng N-P,0s-K,0 la 5-10-5 dugc cho trong bang 2 la két
qua tinh toan theo phuong phap ly thuyét dua trén thanh
phan cac nguyén liéu ban dau véi cach tinh quy déi nhu
sau:

S6 luong phan Ure can dé cung cap 5% N = (ax 100)/b
=(5x100)/46 = 10,87 ()

S6 lugng phan Supe Lan dé cung cap 10% P,0s = (a x
100)/b =(10x 100)/16 = 55,56 (q)

S& lugng phan Kali 6 can dé cung cap 5% K,0 = (a x
100)/b = (5 x 100)/60 = 8,3 (g)

10,87 (g) urs; 53,56 (g) supe
photphat dom; 8,3 (g) KCL; 4
(g) tinh bat, 0.5 () Cul0,,
0,3 (2) MzCl; tro bay; dét
zét dwoe ditu chinh theo
hing 2.

Cén, chufn bi phéi litu

l

Nghién, déng nhat hén hop

ot Kich thirdc lot sing 0.3 mm.

Tao 4m phéi liéu
5w dung dung dich H:POs nong
J,* """"""""""" a5 3,0% dé phun tao am.

Veé vien, tao hat

Tao hinh vién phan bon kich
l‘ T thede trung binh 8 mm

Say o nhiét d6 < 80°C

Ban dau nhiét dsdy < 60°C,
sau 1 tiéng ting dan 1én sdy &
80°C trong 30 phit

b emme e e erssnnssnnnm e m e mn e n e e,

San pham phéan bén
1 chim NPK+TE

Hinh 1. S¢ d6 quy trinh san xudt phan bén nha cham NPK-TE
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So do6 quy trinh san xuat phan bén nha cham NPK-TE
nhu thé hién trén hinh 1.

b) Xdc dinh cdc tinh chdt cia tro bay va phén bén

Cac thiét bi phan tich bao gom: Bac trung hinh thai va
thanh phan héa hoc mau phan bén, va mau tro bay dugc
thuc hién trén kinh hién vi dién ti quét JSM-6510LV (Nhat
Ban) va phé ké tan xa nang lugng tia X (EDS), Vién ky thuat
nhiét ddi, Vién Han lam Khoa hoc va Cong nghé Viét Nam.
Cac nhém chiic c6 trong mau phan béon dugc xac dinh qua
phé héng ngoai IR dugc do trén May quang phd héng
ngoai Nicolet iS10 (Thermo Scientific - My), Vién Ky thuat
nhiét ddi, Vién Han lam Khoa hoc va Cong nghé Viét Nam.
Két qua phan tich d6 nha cham NPK clia mau phan bén
dugc tién hanh theo cac tiéu chudn: TCVN8557:2010 vé
phan bon - Phuong phép xac dinh ni to téng s, TCVN
5815:2018 vé phan tich phan hén hop NPK. Qua trinh
ngam mau va phan tich dugc thuc hién tai Phong Vilas,
Khoa Cong nghé Hoa, Truang Bai hoc Cong nghiép Ha Noi.
3. KET QUA VA THAO LUAN
3.1. Nghién cuu dac trung tinh chat ciia mau tro bay

Két qua anh SEM (hinh 2A) cho thay, mau tro bay la tap
hop cua cac hat hinh cau kich thiic ¢ ti vai pm dén vai
chuc um. S& di tao thanh cac hat hinh cau c6 thé do su két
dinh clia cac thanh phan c6 trong tro bay khi dugc dét
chay & nhiét do cao va luyén trong 10 theo 6ng khéi I ti
khoang d6t nhién liéu di ra khéi 10. Tir két qua phan tich
EDS (hinh 2B) cho thay, mau tro bay chifa cac nguyén t6
0O, Mg, Al, Si, K, Ca, Ti, Fe. O diéu kién chay cta nhién liéu
800 - 900°C trong lo d6t, than chay gan nhu hoan toan,
cac kim loai bi oxi héa tao thanh cac oxit tuong ung.
Thanh phan tro bay ciing da chi ra mot sé cac nguyén té
trung vi lugng nhu Silic, Magié, Canxi va sat, ngoai ra con
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chta ca nguyén t6 da lugng Kali. Day déu la nhiing thanh
phan cé lgi cho cay trong, né mé ra kha nang cao vé viéc
ung dung tro bay lam phu gia cho phan bén.

g =

A 4 .

o

IMS-NKL 5.0kV 5.6mm x5.00k SE(M)

ll Seale 1770 cbs Cursoe 11,541 ke (4 cts)

Hinh 2. (A) Anh SEM mau tro bay, (B) Phé EDS méu tro bay
3.2. Phé héng ngoai

TU két qua phan tich phé IR (hinh 3) cho thdy, c6 su
dich chuyén manh vé tan sé va cudng dé cac dai phd dac
trung, diéu dé khang dinh su c6 mat ctia TBBT, tro bay va
ure trong t6 hop. Chang han, cac van phé dac trung cho
dao déng héa tri ctia lién két N-H bi chuyén dich manh tur
3436,54; 3350,1cm™ (m) xudng 3416,68; 3320,87cm™ (tb)
khi thém TBBT vao mau phan bon ban dau. Nhéom
cacbonyl trong uré bi chuyén dich ti 1652,19cm™(m)
xuéng 1597,34cm™ (tb) trong mau PB-8,... Su dich chuyén
va thay déi cudng dé cla céc dai phé nay la do tuong tac
gitta nhém chuc phan cuc nhu -OH cta TBBT véi cac
nhom chirc cé trong cau tric clia tro bay, dat sét va -NH,
trong ure khi ching trén lan véi nhau bang cac lién két
hidro O...H va cac lién két ludng cuc ctia cac kim loai trong
tro bay va nhém cacbonyl gitip lam chdm qua trinh gidi
phéng dudng chat cé trong phan bén.
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Hinh 3. Phd hong ngoai cta cac mau TBBT, phan bon (MO) va phan bén
(PB-8)

Bang 3. Tan s6 dao dong dac trung clia tinh bdt bién tinh, phan bon NPK-
Tro bay va NPK-TBBT-Tro bay

Tan so Tan s6 dao déng, cm™
daoddng |  TBBT Mo PB-8
Vou 3300,36 (tu) - 3320,87 (nhon)
VK2 - 3436,54; 3350,1 (m) | 3416,68;3320,87 (th)
Vau 2928,44 - 3072,19
Vo 1077,14 - 1078,65
Veop 998,74 - 986,85
V=0 - 1652,19(m) 1597,34(tb)

3.3. Pac trung hinh thai tinh chit cia mau phan bén
nha cham

Ké&t qua bé mat anh SEM hinh 4 (A) cho thay, cé nhiéu
hinh dang cau triuc khac nhau cla céc thanh phan cé
trong mau phan bon. Ching nam hén dén va xen lan vao
nhau bé mat rdi rac. Khac véi mau phan bén khéng cé
TBBT, hinh 4 (B, C) khi c6 TBBT cac tinh thé céc chat c6
trong phan bén ching dugc goéi gém véi nhau thanh
tung dam. Bay la két qua clia viéc st dung chat két dinh
TBBT va tro bay, dat sét dong vai tro la chat mang. Hinh
4D la két qua phd tan xa nang lugng (EDS) cho ta biét cac
thanh phan nguyén t6 cé trong phan bon. Véi viéc bd
sung thém thanh phan tro bay vao phan bon, ngoai cac
nguyén t6 dinh duéng da lugng N-P-K dugc cung cap tu
phan uré, phan supephotphat, phan kali con c6 cac
nguyén t6 trung vi lugng nhu Si, Ca, S, Mg, Fe, Al. Nguyén
t6 vi lugng Cu dugc thém vao trong qua trinh san xuat
nhung khong thé hién trén phé nay do cé cling véi kim
loai nén dé do mau.
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3.4. Anh huéng cua ti 1é tro bay/dat sét trong phan
bén dén dé tan cua cac cha

-t | 7

t dinh dudng trong nudc

Pa. ki . b D

Hinh 5. Hinh anh cac mau phén bon ngam lién tuc 7 ngay trong nudc

AR N n tbum | _7—02 Céac mau phan bén dugc chuan bi bang cach ngam 59
L+ { 1T\Mar 2023 -,

ITF- VKTND N , s ~ 7 ~ N e
phan boén trong 100ml nudc cat trong cac céc cung thdi

diém va dugc dinh vi yén mét ché. Cac mau dugc quan
sat danh gia cdm quan sau méi 12 gid dé xac dinh. VGi
mau phan bén PB-T chi st dung tinh bét, tro bay khéng
c6 dat sét cho thay vai qua nhiéu tro bay mau khéng tao
dugc do dinh két t6t va bi tan ngay sau 24 tiéng. Cac mau
PB-b (khong tro bay), PB-2 (2% tro bay) va PB-4 (4% tro
bay) bi ntit v& bé mat vién phan bon sau 7 ngay ngam lién
tuc. Sau 28 ngay quan sat cac mau PB-6, PB-8, PB-10 va
PB-12 van khong tan, bé mat mau van én dinh khéng bi
nut, khéng v& va nuéc van duc. Qua trinh ché tao cac
phan bén dugc lam lap lai 5 lan va ngam déu cho két qua
tuong tu.

Bang 4. Phu thudc do tan cta thanh phan dinh duGng trong nudc vao thdi
gian

Do tan dam (%) tinh theo chi tiéu phan tich NH,* (mg/100mL)
Mau| NPK | PB-T | PB-D | PB-2 | PB-4 | PB-6 | PB-8 | PB- | PB-
Thai gi 0] 12
1 188,72(75,33|29,37|15,59(12,90|8,67 (7,86 |834 |11,28
Ngay (7 |100 |100 |56,25|22,73|17,66|12,29|9,08 |14,16|11,86

14| - - 161,84151,23|38,89|17,22(15,63|18,05|17,68
SED 3.00kV WD 10.1mm €¥x5.00k Std.P.C.ZZ.é . ‘)z”_ﬁrvl;:;nzz 28 _ . 73,67 63’15 62,46 23’12 20,17 25’37 23,13
Bl Spectum 1 K&t qua khao sat d6 tan cta thanh phan dinh duéng

At%

s Nito trong mau phan béon NPK (khong ¢6 tinh bot va cac

chat phu gia) va cac mau phan bon khi ngdm vao nuéc &
cung diéu kién va thai gian sau 1 ngay, 7 ngay, 14 ngay va
28 ngay dugc chira & bang 4 cho thay véi mau phan bén
PB-8 khi sit dung 4 % tinh bot, & ti 1é tro bay/dat sét bang
8:12,27 cho hiéu qua nha cham la t6t nhat. Sau 28 ngay
ngam mau PB-8 lugng Nita trong phan bon phan giai vao
nudc bang 20,17% thap nhat trong cdc mau phan bon.
K&t qua chi ra mot cong thiic phdi tron (mau PB-8) thich
4 - hagp gilta cac thanh phan phu gia tro bay, dat sét va phan

Hinh 4. Anh SEM (A) mau phan bon MO, (B,C) mau phn bén (PB-8) §cic "o hap NPK c6 ham lugng dinh san (5-10-5) cho hi¢u
6 phong dai nhau, (D) Phé EDS méu phan bén NPK (5-10-5)-TE (PB-8) qua nha cham tot nhat.

Fel IFe Powered by Tru-Q®
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4. KET LUAN

Phan bon NPK-TE mot hat dugc san xuat trén co sd su
dung chat két dinh tinh bét bién tinh cung vai chat mang
dat sét va phu gia tro bay. Qua trinh bién tinh tinh bot thu
dugc tinh bét c6 kha nang két dinh tét. Su két hgp gitia
tinh bot phot phat hda cling véi dat sét va tro bay vai tilé
phan tram trén téng khéi luong phan bén bang 4:12,27:8
cho kha nang luu gitr chat dinh duédng t6t, sau 28 ngay
phan giai 20,17%. Két qua nghién ctiu giup cho viéc hoan
thién mét quy trinh san xuat phan bon NPK-TE nha cham.
Mat khac, dac trung hinh thai va thanh phan cua tro bay
cling chira cac thanh phan c6 lgi cho cay trong. Tu nhiing
két qua nghién ctru ma ra pham vi ting dung cta tro bay
lam phu gia trong linh vuc san xuat phan bén nha cham.
San pham nay khéng nhiing mang lai lgi ich kinh t€ ma
con cé y nghia vé mat x ly moi trudng.
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