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TOM TAT

Xi thai phdt pho la chét rén phét sinh trong qua trinh san xuat phdt pho vang. Thanh phan chinh cta xi thai ph6t pho vang tai Lao Cai tinh theo cac oxit c6
chia Si0; 1én dén 50%, trong dd lugng silic hitu hiéu tir 7,5% dén 10,19%. Viéc lam giau silic hitu hiéu trong xi thai khong chi la gidi phdp x Iy rdc thai rdn ma
¢dn tao ra ngudn nguyén liéu méi trong san xudt phan bén va tao ra san phdm c6 gia tri kinh t€ cao. Nghién ctiu dugc tién hanh trén co s¢ hoa tach mot s6 tap
chdt trong xi thai bang dung dich axit hodc bazo. Vi pH 1a 1, ty 1& ran 16ng 1a 1:15 g/ml, nhiét d@ Ia 85°C, xi thai sau khi lam giau c6 ham lugng silic hitu hiéu
15,4%. Vidi pH 1a 13, ty I& ran 16ng la 1:20 g/ml, nhiét @6 la 95°C, xi thai sau lam giau ¢6 ham lugng silic hitu hiéu 18,09%. Ham lugng silic hitu hiéu trong xi thai
thu duoc sau qua trinh lam giau dap ting tiéu chudn chat lugng cda phan bén theo QCVN 01-189:2019/BNNPTNT.

Tirkhod: Xi thdi phét pho; silic hitu hiéu; phdn bén, hoa tdch.

ABSTRACT

Phosphorus waste slag is the solid waste from the production of yellow phosphorus. The main component of Lao Cai phosphorus waste slag calculated as oxides
contains Si0, reaches up to 50%, in which the effective silicon ranges from 7.5% to 10.19%. Enriching effective silicon in phosphorus waste slag is not only a solution
for solid waste treatment but also creates a new source of raw material in fertilizer production and creates high-value economy products. The research was conducted
by separation some subtances in the slag in acidic and basic environments. At pH 1, the solid-liquid ratio is 1:15 g/ml, the temperature is 85°C, the enriched
phosphorus waste slag has effective silicon content of 15.4%. At pH 13, the solid-liquid ratio is 1:20 g/m|, the temperature is 95°C, the product has effective silicon
content of 18.09%. The effective silicon in the enriched phosphorus waste slag reach to quality standards QCVN 01-189:2019/BNNPTNT.

Keywords: Phosphorus waste slag, effective silicon, fertilizer, separation.
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CHU VIET TAT

cP C6 phan

TNHH Trach nhiém h{ru han

TCVN Tiéu chudn Viét Nam

QCVN Quy chuén Viét Nam
BNNPTNN B6 Nong nghiép va phat trién

nong thon
HH H{u hiéu
1. GIOI THIEU

Téng cong sudt san xuat phét pho vang ctia 7 nha may
theo thiét ké trong khu cong nghiép Tang Loong la 72
nghin tan/nam. Theo céc bao cao danh gia tac dong moi
truong, bao cao vé hién trang, giai phap cong tac bao vé
moi trudng khu cong nghiép Tang Lodng - Lao Cai, vGi
céng suat nay sé phat sinh ra mot lugng xi thai kha 16n
khoang 576.000 - 792.000 tdn/nam [1-5]. Lugng xi thai
hang nam la rat I6n, cung véi dé la ton du nhiing kim loai,
oxit kim loai,... anh hudng rat I6n t&i moi trudng va suc
khée cla ngudi dan xung quanh khu vuc bai xi.

Trén thé gidi va tai Viét Nam da cé mot s6 cong trinh
nghién ctu vé xi thai phét pho va cac phuong phap xu ly
xi thai ph6t pho. Nghién ctiu ciia Na Zhang va céng su cho
thdy thanh phan héa hoc cta xi phét pho bao gom
43,85% Ca0, 35,87% SiO, va mét s6 oxit kim loai khac nhu
Al,Os, P,0s, MgO,... [6]. G mdt nghién ctiu khéc, xi phot
pho dugc nghién dén kich thudc 300 + 450 m?/kg, sau d6
tron lan véi xi mang, cat, nudc vdi ty Ié xi thai chiém 30%
vé khai lugng dé ché tao bé tong c6 cudng dd nén dat
35MPa sau 28 ngay [71. Xi thai con dugc hoat hda bang da
voi Véi ty 1& 1:1 vé khéi lugng dé thay thé 33% xi mang
trong bé tong [8]. Ngoai ra, Bingbing Liu va cong su da
hoat héa xi thai bang cach ndu chay hén hop xi phét pho,
silica va than d4, sau d6 lam lanh bdang nudc va nghién
dén kich thudc 2 + 4mm, phéi tron véi phan bon N, P, K
da tao phan bén dang hat cho Ita [9]. G Viét Nam cling ¢6
mot s6 nghién ctu xu ly xi thai phét pho nhu ting dung
trong san xuat bé téng trai dudng cudng luc cao, lam phu
gia xi mang [10], lam nguyén liéu xuong cho san xuat
gach 6p tudng [11], san xudt bé tong nhe [12, 13], lam bt
don, phu gia cho mét s6 nganh cong nghiép nhu: son,
nhua, cao su, chat déo [14]. Xi thai con dugc nghién ctu
lam gach khéng nung, 16p 16t nén dudng giao théng
khéng xr dung xi mang véi ty 1€ xi thai trong gach khong
nung va trong I&p 16t nén dudng giao théng lén dén 70%
song gia thanh san pham con thap, mét vién gach khéng
nung kich thudc 200x95x60mm tur xi thai va cac chat két
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dinh c6 gia thanh duéi 850 dong/vién [15]. Cac nghién
cu nay, hodc st dung xi thai nhu mét nguyén liéu phuy,
phu gia, ty |& xi thai trong sdn phdm chi dugi 30% hodac
cobng nghé xu ly phuc tap hoac san pham tao ra cé gia tri
kinh té chua cao. Vi vay, viéc tim giai phap x ly hiéu qua
xi thai nguy hai phat sinh trong qua trinh san xuat phét
pho vang, tao sdn pham cé gia tri kinh t&, cong nghé don
gian la can thiét.

Bén canh do, trong xi thai ph6t pho Lao Cai ¢6 chia
lugng silic hGtu hiéu 1én dén 10%. Viéc lam giau silic hiu
hiéu trong xi thai d€ lam nguyén liéu san xuat phan bon la
kha thi va thuc tién. Silic Ia mét trong nhiing nguyén to
dinh dudng thiét yéu, gilr vai trd quan trong va khéng thé
thiéu doi véi cay trong, gitup cho ré, than, Ia cling cap,
chéng lai suxam nhiém cutia tac nhan gay bénh va thuc vat
ky sinh, chéng lai su mat nudc qua thanh biéu bi 14 [16]. Vi
vay, nghién ctiu lam giau silic hiu hiéu trong xi thai dé ché
tao phan boén sé giai quyét van dé 6 nhiém chat thai cong
nghiép, tao ngudn nguyén liéu mai trong san xuat phan
boén va tao san pham phan bén cé gia tri cao.

Trong nghién ctu nay, dé lam giau silic hiiu hiéu,
phuang phap dugc uu tién la phuang phéap hoa tach cac
oxit Ca0, AlLO;, Fe;03, Ky0, Nay0,... cé trong xi thai phot
pho bang dung dich HCl hodc dung dich NaOH & céac diéu
kién khdo sat. San pham nhom nghién ctu thuc hién thu
dugc & dang rén, la loai ché pham c6 chiia ham lugng silic
hitu hiéu cao, danh gia chat lugng ng dung lam nguyén
liéu san xuat phan bon trung lugng.
2.COSG LY THUYET/PHUONG PHAP NGHIEN CUU
2.1. Héa chat, nguyén liéu

HCl (36%), NaOH 99% dang ran.

Xi thai phot pho dugc 1y tai bai chira xi thai cia Cong
ty C6 phan Phét pho Viét Nam (PP1), Cong ty C6 phan Hoa
chat Buc Giang Lao Cai (PP2), Céng ty TNHH Phét pho
vang Viét Nam (PP3), Céng ty C6 phan Nam Tién (PP4) dé
danh gid ham lugng silic hiru hiéu va lya chon nguyén liéu
cho nghién ctu. Phuong phéap lay mau, bao quan chat
thai ran dugc thuc hién theo TCVN 9466:2012 (ASTM
D6009-12) lay mau chat thai ran tu bai chda va dua vé
phong thi nghiém.

2.2. Xac dinh ham lugng silic hitu hiéu c6 trong mét sé
mau xi thai phét pho

Chudn bi mau th theo TCVN 10683:201, sau d6
nghién mau cho dén khi lot qua 16 sang 0,3 mm. Phan tich
ham lugng silic hitu hiéu c6 trong xi thai ran theo TCVN
11407:2019. TU két qua phan tich, lua chon xi thai nguyén
liéu cdia nghién cuu.
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2.3. Khao sat anh huéng ctia mét sé yéu té dén qua
trinh lam giau silic hiru hiéu trong xi thai

Nham t6i uu diéu kién hoa tach cac tap chat trong xi
thai phét pho dé lam giau silic hiru hiéu, cac yéu té: pH
cta dung dich axit hoac ba zo, ty lé ran:ldng, nhiét d6 hoa
tach dugc tién hanh khao sat. Trong d6, pH clia cac dung
dich khao sat cé néng do axit, bazo tir dac dén loang dan,
nhiét do khao sat ti nhiét d6 thuong dén nhiét d6 dung
dich bi bay hai.

Qua trinh hoa tach cac tap chat co trong xi thai tién
hanh theo so dé thi nghiém dugc mé ta & hinh 1.

10g Xi thai Dung dich axit
phot pho hodc bazo

Hoa tach 1h

A

A 4

Loc, rira

l

Séy kho

Nghién t6i ¢ 0,3mm

A,
Can dinh lrong 0.2g

\

Phan tich ham lugng silic hiru hiéu
Theo TCVN 11407:2019

Hinh 1. S d0 thi nghiém

Thong s6 thi nghiém khao sat anh huéng clia cac yéu
t6 khi hoa tach tap chat trong méi trudng axit dugc dua
ra trong bang 1, khi hoa tach trong méi trudng bazo dugc
duara &bang 2.

Bang 1. Thong 5o khao sét trong moi trudng axit

Thi nghiém khao sat " Tyléran:léng | Nhiét dé
trong méi trudng axit P (g/ml) (°C)
Anh hung ctia pH 0,1;0,51;1,5; 1:15 30

2,253
Anh hung tj 1 1 1:5:1:10; 1:15; 30
ran:long 1:20; 1:25
Nhiét do 1 1:15 30; 40; 60;
75; 85
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Bang 2. Thong s6 khdo st trong méi trudng ba zo

Thi nghiém khao sat pH Tyléran:long | Nhiét dé
trong méi trudong bazo (g/ml) (°Q)
Anh huging cia pH 12;12,5;13; 1:15 30

13,5, 14
Anh huing ty & rin:léng 13 1:5;1:10; 1:15; 30
1:20; 1:25
Nhiét d 13 1:20 30; 40; 55;
65;75; 85; 95

2.4. Phan tich ham lugng silic hitu hiéu trong xi thai

Ham lugng silic hiru hiéu xac dinh theo TCVN
11407:2019.

Theo phuong phéap nay, day dung dich chuan lam viéc
dé xay dung dudng chuan cé néng do silic hitu hiéu
0,25mgSi/L; 0,5mgSi/L; TmgSi/L; 2mgSi/L. Chiét silic hitu
hiéu trong mau th& nghiém bang dung dich natri
cacbonat va amoni nitrat. Dich chiét dugc xtt ly bang cac
axit flohydric, boric va molypdic va diéu chinh pH tur 1,7 +
1,8. Axit molipdisilixic dugc tach bang butanol, dugc khit
thanh phuc da di vong ¢ mau xanh va xac dinh bang
may quang phé & budc séng 635nm.
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Nong d6 Silic hiru hiéu, mg Silic/lit

Hinh 2. Duing chudn silic hitu hiéu

Xay dung phuong trinh dudng chuén silic htru hiéu
(hinh 2) va st dung dé xac dinh ham lugng silic c6 trong
xi thai.

Ham lugng silic hitu hiéu, tinh bang phan tram khéi
lugng SiO,, theo céng thuc:
(A—B)x200

%Si0, = - xkx2,14
0

Trong dé:
A la néng do6 silic do dugc trong mau thi (mg/l)
B la néng do silic do dugc trong mau trang (mg/l)

m la khéi lugng mau cén (g)
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k la hé s6 pha loang

200 la téng thé tich mau thi (ml)

2,14 1a hé s6 quy déi tur Si sang SiO,

10* la hé s chuyén déi tir mg/kg sang don vi %
3. KET QUA NGHIEN CUU
3.1. Ham lugng silic hitu hiéu trong mét sé mau xi thai
phét pho

Bang 3. Két qua do ham lugng silic hiiu hiéu trong mau xi nguyén ban

Mau xi A C(mg/l) % Si0; hitu hiéu
PP1 0,363 1,402 75
PP2 0,469 1,762 9,43
PP3 0,51 1,904 10,19
PP4 0,474 1,779 9,52

Két qua bang 3 cho thay, ham lugng silic hitu hiéu ma
cay tréng c6 thé hap thu dugc trong cac mau xi déu Ion
hon 5%. Theo QCVN 01-189:2019/BNNPTNN - Quy chuan
ky thuat qudc gia vé chat luong phan bon thi cac mau xi
nay déu cé tiém nang trd thanh phan bén trung lugng.
Mau xi PP3 c6 tiém nang Ién nhat véi ham lugng silic hitu
hiéu 10,19% dugc chon lam nguyén liéu cho nghién cuu.
3.2. Anh huéng ctia mét sé yéu té dén qua trinh lam
giau silic hitu hiéu trong xi thai bang dung dich axit
HCI

» 14.53 1417 1392

14 12.39 A

1119 ¢
B //
10 -

C\\C

Ham lwrong Silic hiru hiéu
(%)
o o o= o
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Do PH

Hinh 3. Két qua khdo sat dnh hudng cia pH dung dich HCl
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Hinh 4. Két qua khdo sat anh hudng ty & ran/long
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Hinh 5. Két quéa khdo sat anh hudng cla nhiét do

K&t qua hinh 3 va 4 cho thay, pH cta dung dich HCI
bang 1, ty 1é ran:ldng bang 1:20 g/ml la thich hgp nhat
dé lam giau silic hitu hiéu trong xi thai. Diéu nay c6 thé
do khi tang pH ctia dung dich HCl lam néng d6 [H]
trong dung dich gidm hoac khi gidm ty 1é ran:ldng lam
gidm lugng axit, do d6 lam gidm kha nang loai bd cac
tap chat CaO, Al,O;, Fe,05, K;0, NaO,... ¢ trong xi,
dan t&i kha nang lam giau silic hiru hiéu giam. Nhung
khi pH dung dich HCI gidm lam néng dé [H*] tang,
hodc khi tang ty |é ran:ldng lam tang luong axit, dung
dich HCl khong chi loai bo cac cac chat khac ma con
hoa tan mét phan silic hitu hiéu trong pha ran cling
dan tdi hiéu qua lam giau silic hiru hiéu trong san
pham thu dugc giam.

Két qua khao sat nhiét do (hinh 5) cho thay, khi tang
nhiét d6 hon hgp phan ng lam tang kha nang hoa tan
déloai bd cac tap chat trong pha rdn. Song néu tang nhiét
do 16n hon 90°C khi d6 dung dich HCI bi bay hai. Vi vay
dé dé dang ap dung vao thuc té san xuat nhiét dé phan
tng & 85°C la thich hop nhat.

3.3. Anh huéng ctia mét s6 yéu té dén qua trinh lam
giau silic hitu hiéu trong xi thai bang dung dich bazo

K&t qua khao sat khi tang pH ctia dung dich NaOH lam
noéng d6 [OH] trong dung dich tang hoac khi tang ty 1é
ran:long lam lugng NaOH tang, dung dich NaOH khéng
chiloai bo cac tap chat ma con hoa tan mét phanssilic hiu
hiéu trong pha ran, dan t6i ham lugng silic hitu hiéu trong
phan ran thu dugc giam. Khi pH dung dich NaOH giam
lam néng d6 [OH] giam hoac khi giam ty |é ran:long tang,
lugng NaOH gidm lam gidm kha nang loai bo cac tap chat
Ca0, Al,0;, K;0, Nay0,... cé trong xi, dan t6i ham luong
silic hiru hiéu trong phan ran con lai giam.

St dung dung dich NaOH c6 pH = 13, ty |é ran:long =
1:20 g/ml thich hop nhat cho viéc lam giau silic htu hiéu
trong xi thai bang dung dich NaOH.

HaUl Journal of Science and Technology | 429



CONG NGHE

https://jst-haui.vn | P-ISSN 1859-3585 | E-ISSN 2615-9619

14 13.‘12 12.61
g 1 34 S — 11.19
- /A,,{-?r’ e
9.12 -
10 i
2 ¢
—
22 ¢
-1)] N
£
5
= 2
£
{ 0
: 12 12.5 13 135 14
Py PH

Hinh 6. K€t qua khao sat anh hutng cla pH dung dich NaOH
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Hinh 7. Két qua khao sat anh hudng cla ty |é rdn/ldng
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Hinh 8. Két qua khdo sat dnh hudng cda nhiét do

Nghién ctru con cho thay khi tang nhiét lam tang kha
nang hoa tan dé loai bo cac tap chat trong pha ran. Song
néu tang nhiét dé Ién hon 100°C dung dich bi bay hai vi
vay nhiét d6 phan ting 95°C la thich hgp nhat khi lam giau
bang NaOH.

Phuong phap hoa tach loai bé tap chat bang NaOH
lam tang ham lugng silic hitu hiéu lén dén 18,09%, trong
khi dung HCl ham lugng nay chi dat 15,4%. Dung dich
NaOH kho bay hai hon so véi dung dich HCl, nén c6 thé
tién hanh qua trinh hoa tach & nhiét dé cao hon, véi lugng
dung dich nhiéu hon, vi vdy ma kha nang hoa tach cac tap
chat tot hon so véi dung dich HCL.

Dé& lam r6 hiéu qua x ly xi thai bang dung dich NaOH
Ung dung trong san xuat phan bon, tién hanh phan tich
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thanh phan héa hoc cta xi thai ban dau va chat ran thu
dugc sau khi hoa tach cac tap chat bang NaOH & diéu kién
thich hgp nhat dé so sanh.

Bang 4. Ham lugng mdt s6 chi tiéu trong xi thai ban dau va sau khi xtt Iy

Thanh phan Phuong phap Xi thai, % Xi thai
thuc hién sau xt ly,%
Si0, TCYN 7131:2002 38 57,32
SiOztn TCVN 11407:2019 10,19 18,09
Fe,0; TCYN 71312002 0,14 0,18
Al,0; TCUN7131:2002 2,61 1,02
@0 TCUN7131:2002 47,04 31,45
(a0 TCVN 12598:2018 - 5,36
Mg0 TCYN 7131:2002 191 2,1
K,0 TCYN 7131:2002 0,55 0,13
Na,0 TCYN 7131:2002 0,86 0,26
P,0s TCVN 180:1986 0,2 0,11

S6 liéu bang 4 cho thay, sau khi lam giau silic hitu hiéu
bang NaOH, chat ran thu dugc cé moét s6 thanh phan cé
ham lugng gidam nhu Ca0O, Al,0s, K;0, Na;O, trong khi c6
mot s6 thanh phan khac c6 ham lugng tang nhu Fe,0s,
MgO va SiO;, SiO2znn, trong dé ham lugng silic hitu hiéu
tang manh, tir 10,19% sau khi lam giau tang dén 18,09%.
Dac biét tap chat nhom doc hai véi cay trong giam dang
ké, trong khi cac yéu té vi lugng nhu sét, va mot s6 yéu té
trung lugng nhu magié, canxi van dugc gitt lai.

Mat khac, so sanh véi Quy chudn ky thuat qudc gia vé
chat lugng phan bén - QCVN 01-189:2019/BNNPTNN, chi
tiéu chat lugng chinh d6i véi cac loai phan bén trung
lugng bon ré c6 ham lugng méi nguyén t6 dinh dudng
trung luong (Ca, Mg, S, SiOznn) 16N hon hodc bang 5%, va
téng ham lugng tu hai dén bon nguyén t6 dinh dudng
trung lugng 16n hon hodc bang 20% thi san pham thu
dugc ti qué trinh lam giau silic hitu hiéu c6 téng ham
Iuong silic hitu hiéu va canxi hitu hiéu 23,45% dat chi tiéu
phan bén trung lugng.

XU ly xi thai bang dung dich NaOH khoéng chi hiéu qua
cao trong viéc lam giau silic h{tu hiéu, gilt lai cac thanh
phan phan bon trung lugng, vi lugng tét cho cay trong,
han ché anh hudng cla céac yéu t6 déc hai, tao ra phan
bén trung lugng chat lugng tét ma cong nghé san xuat
con don gian, dé tién hanh, qua trinh hoa tach tap chat &
ap suat thudng, dung dich sau khi hoa tach cé thé tuan
hoan tai st dung. Vi vdy, viéc ap dung két qua nghién ctiu
vao thuc tién hoan toan kha thi.
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4. KET LUAN VA KHUYEN NGHI

Viéc nghién ctu lam giau silic h{ru hiéu trong xi thai
lam phan bon c6 nhiéu trién vong phét trién thuc té.
Trong nghién ctu nay, qua trinh hoa tach dé loai bé mét
sO tap chat da lam giau silic hiru hiéu trong xi thai tu
10,19% tang lén 15,4% trong moi trudng axit HCl va dat
gia tri 18,09% trong dung dich NaOH, c6 téng ham lugng
silic hitu hiéu va canxi hitu hiéu 23,45%. Cac théng s6 trén
cho thay kha nang lam phan béon clia san pham sau khi xu
ly c6 thé dap ung tiéu chudn phan bén trung luong theo
QCVN 01-189:2019/BNNPTNN. Két qua nghién ciu la
budc dau cho viéc ché tao phan bon trung lugng dang
ran, co y nghia thuc tién, cé tinh kha thi, gitp cho viéc giai
quyét van dé 6 nhiém chat thai cong nghiép, tao nguén
nguyén liéu mdi trong san xudt phan bén, tao san pham
c0 gia tri cao.
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