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D6i véi nganh trong trot, phan bén déng vai tro rat quan trong, dac biét 1a cac loai phin bén da thanh
phan dinh dudng nhu NPK. Co nhiéu phuong phap dé san xuat phan bén NPK, trong do phuong phap
héa hoc cho sin pham NPK cé chat luong tot nhit, véi cdc tinh chat vat Iy toi wu. Tuy nhién phuong phap
nay rit phire tap, doi hoi phii nim virng vé cong ngh¢ sin xuit, von du tw cao va phai san xuit véi quy
mé 16n moi co hi¢u qua kinh té. Nghién ctru nay sé phin tich cong nghé va trinh bay phuong phap tinh
todn ciAn bang vat chit cia qua trinh sin xuit phin bon NPK bang phuwong phip héa hoc.

Tir khéa: boc do, chai dit, NPK, phin bén, phan phirc hop, thiét bi phén itng éng.

Chi sé phan loai 2.4

Analysis of technology and computational
methodology of material balance in the
production of NPK fertilizer

Summary

Fertilizers play an important role in agriculture,
especially multi-component fertilizers. One of
important multi-component fertilizers is the so-
called NPK fertilizers. There are many methods
to manufacture NPK fertilizers. By using chemical
methods, NPK fertilizers have the best quality
with optimum physical properties. However, these
methods are very complex, requires mastery of
manufacturing technology and high investment,
and are only profitable in large-scale production.
In this contribution, the authors present the
description of the technology and computational
methodology required in the production of NPK
fertilizers by using chemical methods.

Keywords: coating, complex fertilizers, depleted soils,
fertilizer, NPK, pipe reactor.
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Ly

Gioi thieu

Céng nghé san xuét phian bon biang phuong phép
hoa hoc ban chét 1a phuong phap vé vién tao hat co
kem theo cdc phan ing hoa hoc (phan phirc hop).
Pay 1a mot trong nhimg quy trinh phire tap nhung
ciing kha pho bién dé san xuat cac loai phan bon da
dinh dudng dang hat ngay nay. Phuong phap tao hat
bang hoa hoc ¢ thé dugce ap dung dé san xuét true
tiép cac loai phan phirc hop, céc bic san pham phan
NPK (thuong duge 4p dung ¢ Tay Au), hodc san
xuit cac hop chat trung gian ma sau dé sé tiép tuc
dugc két hop qua cac kénh phén phéi dé tao thanh
cac loai san pham NPK (thuong duoc ap dung o
M§). Phuong phéap tao hat bang con duong hoéa hoc
da dugc bit dau ap dung tur thap nién 30 cua thé ky
trude va da phat trién nhu mét phwong phép két hop
hai hay nhiéu chat dinh dudng vao mét san pham dé
thao tac, van chuyén. voi chit luong va ham lugng
cac chit dinh dudng 6n dinh [1]. Muc dich ban dau
cua phuong phap nay la ngan ngira sy déng banh cua
phén bén trong bao khi luu kho hodc van chuyén,
sao cho san phdm & dang thich hop cho viéc bén
phan trén doncr rudng khi dén tay nong dan. Ngay
nay, hon 80% phéan bon dang ran duoc van Lhuyen
o dang hang roi. Cong nghé tao hat bang phuong
phap hoa hoc.deim bao cho san phim khong bi két
dinh dé c6 thé bde xép d& dang, giam ty 1& von cuc
trong qua trinh van clulyén va luu kho xuéng murc
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tbi thiéu, cac hat phan bon di chic dé c6 thé chiu dugc
thao tac co hoc ma khdng bi v&. Tao hat b%mg phuong
phép h()a hoc dugc thyc hién bﬁng cach két hop cac
chét rén, chét 16ng va chét khi dé tao ra cac phan u'ng
hoa hoc nhim dat dén trang thai két tu tuong d6i 6n
dinh va ting c& hat trén co s c6 kiém soét. Lugng va
kiéu cia cac loai chit ran, chét 1ong va chit khi ciing
nhu pham vi cua cac phan img héa hoc khac nhau tuy
theo quy trinh, nguyén liéu dugc sir dung va yéu céu
vé san phdm. Nhung muc dich cudi cung 14 tao ra cac
hat phan bén 6n dinh va ham luong dinh dudng déng
déu. Khi tao hat, néi chung cac chét rén, chit long va
chét khi cing duoc dua vao thiét bi phan img kiéu éng
dat bén trong thiét b1 sdy thing quay. Ngoai tac dong
sdy, bén trong may sdy con xay ra cac tac dong két tu
va hinh thanh céc hat. Su bay hoi nudc lam ting cudng
lién két trong cac hat phan bén. Sau do, san phdm duoc
sang, lam ngudi va dua vao kho.

Phén 16n cac phuong phép tao hat NPK tai My déu
dua trén ham luong chét rin cao v&i mot phin nguyén
liéu dang 16ng (thudng la ammoniac - NH,, dung dich
muodi, axit va hoi nudc). Cac co s@, thiét bi luu kho,
thao tac vé thiét bi va k§ thuat khong qua cao. Trinh do
cong nghé thich hop véi nhitng ma may cé cong suat
100-200 nghin tdn/nim. CAc co s& tao hat tai chau Au
nhin chung da phat trién thanh cac nha may t6 hop (két
horp v6i san xuét NH, va axit photphoric - H,PO,) cong
suét 16n. Cac nha may nay thuong san xuat phan NPK
chit luong cao. Trén toan thé gidi, cic qua trinh tao
hat bang phwong phap hoa hoc dugc ap dung dé san
xuét phén 16n céc loai phan bon mot thanh phan hoic
hén hop da thanh phéan, nhu: ure, supephotphat, DAP
va NPK. Nhin tir goc d6 k¥ thuét, phuwong phap tao hat
bang con duong héa hoc tao ra cac san phdm phan bén
da thanh phén véi chit luong tét nhét, vi vay timg hat
14 cic hat phan bén riéng ré déu chira dy du cac chat
dinh dudng theo ty 1€ dinh trudc. Pay 1a cac hat phin
bén chit lugng cao, voi nhitng tinh chit vat 1y (c& hat,
d6 cimg chiu nghién, kha ning chay tu do...) rét tét.
Nhimng tinh chit nay c6 thé duoc kiém soat bang cich
Iwra chon cén than nguyén liéu du vao va cac thao tac
trong qua trinh tao hat. T4t nhién cong nghé nay doi
hoi cac xudng tao hat phai nim trong nhimg t6 hop héa
chét 16n véi chi phi du tw xay dung cao. Cic td hop
nay phai ndm canh ngudn nguyén liéu dé tang hiéu qua
va giam chi phi [2-3].
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MO0 ta cong nghé

Cong nghé san xuat phan bon NPK bing phuong
phap héa hoc c6 thé phan loai thanh hai phuong phap
chinh sau: phuong phap téng hop théng qua qua trinh
so ché quing photpho thé va phuong phap tng hop
dya tren H,PO,. Trong gidi han cia bai bao s& trinh
bay vé phucmg phép thir hai. Day chuyén c6ng nghé
cua phuong phap nay dugc mé ta trong hinh 1.

Hin{z 1: ddy chuyén cing nghé san xudt phin bon NPK béng phieong phap
hoa hoc [4]

Phuong phap tong hop dya trén H ,PO, 14 cong nghé
sir dung tryc tiép H ;PO, ma khong qua giai doan ché
bién photpho tho. Su khac nhau chi yéu cua céc cong
nghé trong phén nhdm nay 1a cach thic phdi trén cac
thanh phén nguyén liéu va chuin bj san pham trudc
khi dwa vao may tao hat (hdn hop dat sét, dung dich
nong chay...). Trong phan nhom ndy, cong nghé phéi
tron bang thiét bj phan {ng bng 1a cong nghé c6 nhiéu
céi tién nhat. Nguyén liéu chinh cia qua trinh: NH,
(dang léng hodc khi), H PO4, axit sunfuric - H,SO,,
ure (dang bt hodc 16ng), mudi kali. Phuong phap tao
hat duoc thuc hién bing cach két hop céac chit rén,
chét 16ng, chit khi dé tao ra cac phan ung héa hodc
nhim dén trang thai két dinh twong di n dinh va ting
kich thudc hat trén co s¢ c6 kha nang kiém soat. Ham
lugng, tinh chit cua cac loai chét rén, chét 16ng va chét
khi cling nhu pham vi cia cac phén (g héa hoc khac
nhau tuy theo quy trinh, nguyén lidu duoc sir dung va
yéu ciu ciia san phém d4u ra. Muc dich cudi cung 1a
tao ra san pham phan bén 6 sur 6n dinh, ddng déu vé
kich thudc ciing nhir ham lvong chit dinh dudng. Co
thé mé ta so luge qua trinh nhu sau: hdn hop axit duoc
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phan tmg v6i NH,, phan bén kali rdi dua vao may tao
hat. Sau dd, san phém duoc lam kho, sang loc, lam
ngudi.

H,SO, + 2NH, () — (NH,),S0, (AMS) (a)
H,SO, + 2NH, (g) — (NH,),SO, (AMS) (b)
H,PO, + NH, (I) — NH,H,PO, (MAP) ©
H,PO, + NH, (g) — NH,H,PO, (MAP) @)

NH,H,PO, + NH, (1) — (NH,),HPO, (DAP)  (e)

Phan g héa hoc chinh 1a sy trung hoa gitra NH,
voi H,PO, va mét lugng nh6 H,SO,: phan ung (a) co
the Xay ra trong may tao hat va trong thiét bi phan tmg
ong, phan g (b) chu yéu xay ra trong thung phan tng
trung hoa va hé théng rira khl Phan ttng (c) thudng xay
ra trong thiét bi phan ung ong, nhung khi NH, & thé
hoi thi phan tmg (d) xay ra trong hé thong rra va thung
phan img trung hoa. Phan {mg (e) xudt hién trong thiét
bi phan tmg dng va may tao hat thung quay. Phan tmg
(a) va (b) manh hon céc phéan tng khac, vi vay NH,
s& c6 khuynh hudng phéan tmg véi H,SO, trudce, sau
do s& xuét hién phan ung tiép theo. Bén canh nhimg
phan (mg chinh da dugc néu trén con c6 nhitng phan
ung khéc xay ra, chu yeu la céc phan ung gitta NH,
voi H,PO, va mot s6 tap chét cta n6. Tuy nhién, trong
tinh toan can bang vat chét cho quy mé sin Xuét cong
nghlep, tac gia dua ra gla thiét qué trinh san xut chi
gom 5 phan u'ng trén dé tinh toan va dugc trinh bay cu

thé trong phén sau.

Cong nghe san xuat NPK bang phuong phép hoa
hoc phat trién kha manh & chau Au do ¢6 céc uu diém:
kich thudc thiét bi nhé gon, tdn dung dugc nhiét do
phén tmg sinh ra 1am bay hoi nuéc c6 trong axit H,PO,
mang dén va san pham ra khoi thiét bi kho hon, ty le
tudn hoan ban san pham it, chi phi van hanh thp (ndng
lugng sdy san pham thip, tiéu hao dién thap, hiéu qua
su' dung NH, cao), thich img voi céc loai axit H,PO, co
nong do khac nhau, ché d6 van hanh linh hoat co the

san xudt nhiéu loai san pham.

Quy cach san pham

Tai Viét Nam hi¢n nay, cong nghé san xuét phan
bon NPK chu yeu van st dung phuong phap phdi tron,
vivay chit lugng san phdm con chua dap mg dugc voi
nhu ciu str dung. So sanh vé chat luong thi san phdm
san xuét bing phuong phap hda hoc c6 nhimg wu viét
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sau.

- Trong san pham khong c6 chira cac tap chit nhu
trong phan trén nén khéng c6 chét thai ra méi truomg,
hon nita trong san phiam con c6 thé bd sung thém
nguyén tb Ca, vi Ca khdng chi 1a nguyén t dinh dudng
trung luong rat can cho ciy ma né con 13 nguyén t&
gbp phan can bing méi trudng cua dung dich dét -
nang cao pH cua dét.

- Luong P,0, khéng tan trong xytrat thip, méi hat
phan NPK san xut theo phuong phap hoéa hoc déu cé
chira cac thanh phin gidu chit dinh dudng, d& hoa tan
trong dét, cay tréng d& hip thu.

- Chét lwgng san pham: cudng dd chiu nén cia san
pham tao thanh cao (>30 N), hat lién két chit chg, do
vay, khong xay ra hién tuong két khdi khi lwu trir va rit
thuan loi cho qua trinh van chuyén. Quy cach cia san
pham NPK (15:15:15) nhu sau: N téng: 15%; P,0,:
15%; K,0: 15%; d6 4m: 1%; c6 hat 2-4 mm: 95% (tinh
theo trong lugng); lyc nén trung binh cia hat >30 N;
dang hat: trong, nhin (phti hop véi Tiéu chudn Viét
Nam TCVN 5815: 2011 vé phan hdn hop NPK).

- V& cong nghé, phan bon NPK san xuit theo
phuong phap héa hoc sir dung thiét bi phan img ng, 14
cong nghé tién tién c6 nhidu wu diém: kich thuéc thiét
bi nho gon, tin dung dugc nhiét do phan tng sinh ra dé
lam bay hoi nudc c6 trong H,PO,; ty 1€ tuan hoan ban
san pham thép, chi phi van hanh thép, it gy anh hudng
dén méi trudng.

Hinh anh hat NPK duogc tao thanh tir hai phuong
phép vat ly va hoa hoc dugc mé ta trong hinh 2. Tao
hat bing phwong phap hoa hoc cé phan img xay ra
gilta cAc axit va mét sé mudi & dang ran. Trong khi
do, tao hat bang phwong phéap vat 1y khéng c6 sur xay
ra phan ung va cac nguyén liéu déu & thé rén. Tao hat
bing phuong phap vét 1y dua theo nguyén tic tich ty,
céc 16p duogc gén v6i nhau theo nguyén tic dinh uét bé
mit. Sau khi dugc sy, nudc sé bay hoi dé lai khéi lién
két rin chéc. Vi vdy, cac 1op va cac mao quan khong
duogc dong déu. Nguoc lai, tao hat bing phuong phéap
héa hoc cho chét lugng hat déng déu hon nhiéu do xay
ra phan img di thé giira cic cht, hat dugc hinh thanh
theo nguyén tic bdi tu 16n dan theo timg 16p, vi vay hat
tao ra c6 kich thudc dong déu, lién két chit ché.
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1mm 1mm

Cac lop chit
phat trien deu
tir trong ra ngoai

Hinh 2: so sanh hai phiong phap tao hat: phicong phap var Iy
va phweong phap héa hoc [5]

Tinh toan can bang vat chat

Vén dé cAn tinh todn: xac dinh khéi lugng céc
nguyén liéu Ure (46% N), SA (21% N), KCI (60%
K,0). NH, (99.8%); H,PO, (50%); H,50, (98%) can
dé cung cap cho day chuyen san xuét phan bon phuc
hop NPK ty 1¢ (15:15: 15) tinh cho mot tan san phim
bing phuong phap hoa hoc, theo cong nghé trung
hoa NH, va H,PO; trong thiét bi phan Lrng ong, sau
d6 phéi tron voi Ure SA, KCI trong thiét bi tao hat
theo nhirng ty 1¢ nhét dinh dé dugc san pham NPK c6
[N]:[P,0.]:[K,0] = 15:15:15.

Xac dinh heong DAP, Ure, SA, KCI, tao ra 100 kg
NPK 15:15:15: DAP la ban thanh pham tao ra do phan
{mg trung hoa giira NH, va H P04, do vy mudn xéac
dinh lugng NH, va H PO phai x4c dinh luong dé tao
ra 100 kg san pham NPK c6 thanh phan dinh dudng
N:P,O.K,O la 15:15:15. Ta dung phuong phap giai
tich de tinh toén, dat cac dn s6 khoi luong (kg) chira
trong 100 kg NPK nhu sau: goi X, y, z, t lan luot 1a khéi
lwgng DAP, ure, SA va KCIL. Goia, b, ¢ lan lugt 14 ham
luong N, P,O,, K,O c6 trong san pham NPK. Ta c6 hé
phuong trinh sau:

a=(a.x+a,y+a,.z+a,.t): 100 (1)
b=(b,x+b,y+b.z+b,t): 100 (2)
c=(c,.x+c,y+c,z+c.t): 100 (3)
a:b:c=15:15:15 (4)

Trongdo:a,a,a,a laham lugng N co trong DAP,
Ure, SA,KCL; b, b,, b, b, 1a ham lugng P,O, c6 trong
DAP, Ure, SA, KCI €, €, €55 C, 12 ham Iuo*ngK O c¢o
trong DAP, Ure, SA, KCl.
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Theo thuc té tai Nha méay san xuat NPK cua Cong
ty c¢& phin Supe phbtphat va hoa chit Lim Thao, trong
100 kg san phiam bao gom: 2 kg 14 chit chong két dinh,
chit chong vén cuc va cac phu gia, 98 kg con lai la
khoi lugng cac chat dinh dudng. Tuong ty, ta cd hé
phuong trinh:

a=0,16x + 0,46y + 0,21z + 0.t = 15 (5)
b=048x+0.y+0z+0t=15 (6)

=0x + 0.y + 0.z + 0,60t = 15 (7)
x+y+z+t=98 (8)

Theo (7) tacd t=15:0,60 = 25
Theo (6) ta cd x =15:0,48 = 31,25

Thay céc két qua vao (5) va (8), ta c6 hé phuong
trinh:

0,46y +0,21z= 10 (9)
y+z=41,75 (10)
Viy y=4,93 vaz=136,82.

Két qua tinh toan:

DAP: x = 31,25 kg; ure: y = 4,93 kg; SA: z = 36,82
kg; KCI: t = 25,0 kg.

Xac dinh lwong NH , H.PO, H,SO, tao ra 100 kg
NPK 15:15:15: DAP la ban thanh pham tao ra do phan
g trung hoa gtua NH, va H,PO,, phan tinh toén trén
da cho ta két qua cén 31 2D kg DAP 16% N, 48% PO,

dé tao ra 100 kg san phdm NPK c¢ thanh phin dlnh
dudng N:P ,0,K,0=15:15:15.

Xac dinh luong H,SO,: trong qua trinh tao DAP dé
tang kha nang hoa tan ctia P ,0,vaN dén t6i han va rra
khi & thap cudi, ta dua vao luong H,S0, dé diéu chinh
(theo thuc té tai Nha méay DAP Binh Vu luong axit

nay chiem 10% luong DAP tao thanh). Do viy, lugng
H,SO, can thiét 1a 3 13kg.

Cac phan ng hoa hoc Xay ra trong qua trinh tao
thanh DAP:

NH, + H.PO, — NH,H,PO,
NH, +NH,H,PO, — (NH,) HPO,
Cong gop 2 phan g trén ta co:
NH, +H,PO, — (NH,),HPO,
34 98 132

y z 31,25
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Suy ra: y = 8,05, khi th‘am gia phan Umg lugng du
NH, la 15%, luong NH, can la y’ = 9,26. Luong NH,
(99,8%) can thiét 12 9,28 kg.

Xac dinh lugng NH, phan img véi 3,13 kg H,SO,
dé rira khi va didu chinh thanh phin DAP. Ta ¢ phan
ung:

2NH, + H,SO, — (NH,),SO,
34 98 132
x, 3,13 z,

1

Viy x, = 1,09; z, =4,22. Luong NH, (99,8%): 1,09.

Téng lugng NH, can thiét 1a: 9,28 + 1,09 =10,37 kg va

lugng SA con twong ng la z, = 36,82 - 4,22 =32,6 kg.

Xac dinh lupng H PO, (50%): theo phuong trinh
phan rng:

NH, + H,PO, — (NH,),HPO,
34 98 132
y z 31,25

Suy ra z=23,2. Vay lugng H,PO, (50%]) 12 46,4 kg.

Cic két qua tinh toan dugc trinh by trong bang 1.
Bang I: tiéu hao nguyén vit li¢u cho 1 tén sdn pham NPK (15:15:15)

Nguyén vit li¢u Tiéu hao (kg)
NH, (99,8%) 103,7
H,PO, (50%) 464
H,SO, (98%) 31,3
Ure (46% N) 493
SA(21%N) 326
KCl (60% K,0) 250
g:;:gﬁﬁ\/lé{ Nam 10(11) 11.2016

Két ludn

Hién nay, tai Viét Nam cong nghé san xuit phén
bon NPK vin chu yéu sir dung phuong phép phdi tron
vat 1y hoic tién tién hon 14 phuong phép ure niu chay,
nhung nhin chung chét lrgng san phim chua cao, chua
dap ung dugc nhu ciu luu triv va sir dung. Do viy,
viéc nghién ciru quy trinh céng nghé san xuit phan
bén da thanh phéan dinh dudng néi chung va phin bén
NPK noi riéng theo phuong phap héa hoc 14 rét cn
thiét nhdm dap tmg nhu céu cho san xuét ndng nghiép.
Trong gi6i han cta nghién ciru ndy, chung t6i d3 duara
mo hinh ddy chuyén cong nghé va tinh toan cin bing
vat chat dé san xuit phan bon NPK (15:15:15).
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