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NGHIEN CUU DONG RAN Xi THAI PHOT PHO LAO CAI ,
VO1 TRUONG THACH DINH HUGNG UNG DUNG SAN XUAT

GACH KHONG NUNG

STUDY ON SOLIDIFICATION OF LAO CAI PHOSPHORUS WASTE SLAG

USING FENSPAT FOR APPICATION OF ADOBE BRICK

TOM TAT

Xi thai phdt pho tir qua trinh san xudt phot pho vang Lao Cai dugc phén tich
thanh phan béng phuong phép phé huynh quang tia X (XRF) gom cac thanh
phan chinh la canxi oxit (46,62%), silic oxit (38,85%), nhom oxit (3,31%) va mot
50 oxit kim loai khac. Trong d6 thanh phan chinh nhu Si0;, Al,0; ¢6 vai trd quan
trong trong qud trinh dong rdn véi mot s6 khoang sét c6 ham lugng silic, nhom
cao nhu truong thach dugc kiém hda bang cac xdt, voi... Vat liéu dong ran tir xi
phdt pho vdi trudng thach, xit 6 cudng do chiu nén kha cao dat dén 14,57MPa
sau 28 ngay cho thdy kha nang dong rin cia xi thai c6 thé tng dung dé san xuét
gach khong nung theo cdng nghé bé tong “polyme”.

Tirkhda: Xi thai phdt pho, truong thach, gach khdng nung.

ABSTRACT

The phosphorus slag from yellow phosphorus production in Lao Cai was
determined by X-Ray fluorescence spectroscopy (XRF) in which contains mainly
calcium oxide (46.62%), silic oxide (38.85%), aluminium oxide (3.31%) and
other metal oxide. The mainly component Si0,, Al,0; was play the important
role to solification process by using the clay mineral with high silic and
aluminium oxide as fenspat and alkalization process by sodium hydroxide. The
solid material by phosphorus slag and fenspat, sodium hydroxide had the high
compressive strength, reach to 14.56MPa after 28 days. The good results used to
the application of adobe brick production base on the concrete technology of
polymerization.

Keywords: Phosphorus waste slag, fenspat, adobe brick.
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1.MG PAU

Tai khu céng nghiép Tang Lodng (Lao Cai) hién nay
dang c6 7 nha may san xuat phét pho vang Lao Cai, céng
nghé san xuat déu theo phuong phap 16 dién. Theo céng
nghé nay thi ct san xuat 1 tan phét pho vang sé déng thoi
thai ra 9 - 10 tan xi thai phét pho [1]. Theo con sé théng ké
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cir m&i ndm c6 khodng 840.000 tan xi thai dugc dua ra moi
truong gay 6 nhiém khai bui, méi trudng séng xung quanh
khu cong nghiép. Viéc xt ly xi thai phét pho trg thanh van
dé cap bach d6i véi cac nha khoa hoc. Trén thé gidi va &
Viét nam cling da c6 mot s6 nghién cdu x{ ly xi thai nhu
lam kinh néi [2], gach ceramic [3, 4], lam phu gia xi mang,
lam chat don cho son, san xuéat cao su [5]. Nghién clru dung
xi phét pho lam gach khéng nung la phuong an kha thich
hgp dé giai quyét lugng xi thai. Cong nghé dong ran xa ly
phét pho theo hudng st dung cong nghé bé tong polyme
dugc nhiéu nha khoa hoc da dé cap t6i bgi thanh phan
chinh cuta xi thai phot pho bao gom cac oxit kim loai SiO,,
Al,O;, Ca0, MgO,... thanh phan tuong tu nhu véi cac loai
tro xi khac, rat c6 lgi trong qua trinh déng ran [6]. VGi vat
liéu khéng nung va cdng nghé ché tao chét két dinh khong
xi mang hay “céng nghé bé tong polyme”, cong nghé nay
dugc nghién ctu dua trén su hinh thanh tir cac chat két
dinh dugc tao ra bdi sadn phadm cla phéan (ng gitta dung
dich kiém va cac vat liéu c6 chtdia ham lugng I6n silic (Si) va
nhédm (Al) véi cac chat don (dé lam xucng bé téng) [7]. Ca
ché& dong hoc phan tng giai thich qua trinh déng két va ran
chac cta chat két dinh kiém hda con dugc Glukhovsky gidi
thich bang co ché qua trinh kiém héda bao gobm céac phan
ting phan hay nguyén liéu thanh dang cdu tric én dinh
thap va phan tng néi tai. Trudc tién la qua trinh bé gay cac
lién két cong héda tri Si-O-Si tao ra lién két Al-O-Si khi pH
tang lén, vi th€ nhém nguyén t6 nay chuyén sang hé keo.
Sau d6 xay ra sy tich tu cac sdn pham bi pha hay béi phan
(rng ndi tai gitta chliing tao cau tric 6n dinh thap, tiép theo
& giai doan thua 3 la qua trinh tao cdu tric dong dac [8].
Trong xi thai phét pho da co sdn cac thanh phan oxit silic,
oxit nhém, nhung dé bé sung thém nguén silic, nhém cho
qua trinh dong ran nhém nghién ctu da s dung nguyén
liu truding thach, ngudn khoang sét sdn cd, gia thanh thap
phoi hop véi xi thai. Bén canh d6 con sir dung xat (NaOH)
lam tac nhan kiém héa cho qua trinh déng ran. Cac chi tiéu
co ly clia vat liéu dong ran rat kha quan cho viéc iing dung
tao ra cac san pham c6 chat lugng, Ung dung lam gach
khong nung dung cho xay dung co ban, diéu nay gitp cho
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viéc xU ly van dé 6 nhiém chat thai rdn cong nghiép tai khu
céng nghiép Tang Lodng.

2. THUC NGHIEM

2.1. Héa chit, nguyén liéu

Mau xi thai phét pho Lao Cai dugc 13y tai bai chia xi thai
cla Cong ty c¢6 phan phdt pho vang Lao Cai. Phuong phap
lay mau, bdo quan mau chat thai rdn theo TCVN 9466:2012
(ASTM D6009-12). Mau trudng thach dugc lay tr mé Lao
Cai. Mau xi thai phét pho va trugng thach dugc dem phan
tich bang phuang phap phé huynh quang tia X (XRF) tai
Vién Vat liéu xay dung.

Hoa chat: NaOH cong nghiép.

2.2. Thuc nghiém

2.2.1. Nghién ciru ché tao chdt két dinh vé co sit dung
truong thach

a) Khdo sdt cdc diéu kién ché tao chdt két dinh

* Khao sat xac dinh thoi gian, diéu kién khuay tron va
muc dé truong na cua trudng thach khan trong nuéc

Trudng thach dang b6t dugc tron déu VGi nudc cat voi
ty 1& ran long la 1:2 theo khéi lugng. Thit nghiém dugc tién
hanh song song, m@t mau c6 khudy tron lién tuc trén may
ldc 150 vong/phdt va mét mau khéng khudy tron. Thai gian
ti€ép xuc hai pha la 7 ngay. D&i véi mau khudy tron, sau moi
ngay (23 gid) nguing khudy trong vong 1 gid va do thé tich
pha rén, d8i vai mau khong khudy tron thi el sau 24 gi do
thé tich pha rdn mét lan.

* Khdo sat anh hudng cta ham luong kiém t&i muc do
truong n& clia trudng thach khan trong dung dich kiém

Trudng thach dang bot dugc ngam trong dung dich cé
néng d® NaOH khac nhau theo ty lé trudng thach/dung
dich la 1g : 1ml, tuang duong véi dung dich NaOH cé nong
do 1,25M; 2M; 5M; 7,5M; 10M. Thi nghiém ciing ti€én hanh
song song gitta mau dé g diéu kién nhiét d6 phong véi mau
chi dugc ngdm trong nudc cat va thai gian ti€p xdc hai pha
la 7 ngay.

* Khao sat danh gia kha nang béc tach I6p ti dién nhom
oxit ra khoi I6p ti dién silic oxit bang phuong phap tron
ngudi trudng thach véi NaOH

Trudng thach va dung dich NaOH c6 néng dé khac
nhau, dung dich NaOH dugc dugc tron déu véi ty 1& khoi
lugng ran léng la 1:1 g/ml bang cach cho 100g trudng
thach da sdy khé vao 100mL thé tich dung dich NaOH c6
néng d6 khac nhau. Sau thai gian khudy trén 30 phut, khoi
vat chat dugc dé cho phan Uing dat can bang la 5 ngay (méi
ngay dung dich dugc khudy lai 1 lan 30 phat). Sau ndm
ngay dem tién hanh do d6 nhét, xac dinh ham lugng
aluminat va silicat tu do.

* Xdc dinh céng thurc ché tao chdt két dinh tu truong thach
- kiém NaOH trén ngudi

Chuén bi 10kg trudng thach c6 dé dm dudi 5%, NaOH
cong nghiép c6 ham lugng NaOH trén 95% s dung hoat
héa truong thach véi khéi lugng bang 10%, 20%, 30%, 40%,
50% so véi truong thach. Khi st dung thém lugng nudc
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theo yéu cau. Cac chat két dinh dugc xac dinh cac thong sé:
thai gian déng két, thdi gian két thic dong két, dé én dinh
thé tich, cudng do nén.

2.2.2. Nghién citu déng rdn xi thdi phét pho bédng chdt
két dinh vé co tirtruéng thach

Tién hanh tron ngudi trudng thach véi NaOH, trong dé
NaOH chiém 10% - 50% so vdi trudng thach, thém nudc tuy
theo cong thic phdi tron, st dung chat két dinh ché tao
dugc dong ran xi thai ca qua trinh san xuat phot pho véi
ty 1é trudng thach so vdi xi ti 10% dén 50%. Sau 28 ngay
xac dinh cuéng d6 nén ctia mau dong ran.
3. KET QUA VA THAO LUAN
3.1. K&t qua phan tich thanh phan xi thai phét pho va
truong thach

Mé&u xi thai phét pho va trudng dugc ti€én hanh phan
tich bang phuang phap phé huynh quang tia X (XRF). Két
qua dugc thé hién & bang 1.

Bang 1. Két qua phan tich thanh phan cla xi thai phdt pho va trudng thach

Thanh phan héa hoc | Donvi | Mau xi phét pho | Mau trudng thach
MKN % 0,28 0,96
Si0, % 38,58 71,28
Fe,0; % 0,29 0,29
Al,0; % 3,31 15,60
(a0 % 46,62 0,46
Mg0 % 3,22 0,18
S0 % 0,39 -
K,0 % 1,08 4,02
Na,0 % 0 4,60
Ti0, % 0,15 0,04

P05 t60g % 14
F 16ng % 24
a % 0
Mn0, % 0,15
As,0; ppm <10

PbO ppm <10
HqO ppm <10
(do ppm <10
Cu0 ppm <10

Thanh phan xi thai ph6t pho ngoai cac thanh phan oxit
kim loai thi cac kim loai ndng doc hai trong xi déu nam
trong gi6i han cho phép. B6i véi mau trudng thach Lao Cai
thi ham lugng SiO,, Al,O; tuong d6i cao cling, ham lugng
Fe,0; thap dam bao chat lugng lam chat don xuong trong
san xuat gém su cing nhu lam gach.

3.2. Két qua nghién ctru ché tao chat két dinh tur truéng
thach

3.2.1. Khdo sdt xdc dinh théi gian, diéu kién khudy trén
va muc dé truong no cua truong thach khan trong nuéc

Mé&u trudng thach khan da dugc khao sat trong moi
trudng nudc cat va dung dich kiém & cac diéu kién khudy
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trén khac nhau dé xac dinh kha nang truang nd. Két qua
dugc thé hién & hinh 1.
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Hinh 1. Anh hung clia khudy tron va thdi gian tiép xiic dén do truong ng
clia truong thach

Tu cac két qua trén cho thdy, mau co6 khudy tron ludn cé
thé tich pha rdn I6n hon mau khéng khudy trén; nhung sy
thay dé&i thé tich ctia pha rén trong ca hai trudng hgp déu
khéng dang ké. Biéu nay ching td, trong diéu kién thudng,
trudng thach hau nhu khéng ¢é su truong né trong nuéc.

3.2.2. Anh huéng cia ham luong kiém téi mirc do
truong néd cta trudéng thach khan trong kiém

Trudng thach khan dugc ngam trong dung dich kiém
vGi cac néng d6 khac nhau tir 1,25M dén 10M va khoang
thai gian theo déi tir 1 dén 7 ngay, xac dinh thé tich pha
cla trudng thach theo tiing méc thoi gian. Két qua thi
nghiém vé d6 truong n& dugc trinh bay trén bang 2.

Bang 2. D truong né cla trudng thach phu thudc ham lugng NaOH va thdi
gian

Mn{-Si0,)z-AlO;}n.wH,0, trong dé n la muc d6 trung hgp, z la
1, 2 hodc 3 va M la ion duang kiém nhu Kali, Natri, méi mot
mat ludi 1a cac anion t dién [SiOJ* va [AlO4)* chung nhau
nguyén ti oxy, chinh la cac anion alumiacat va silicat [7,8,9].
Nong d9 silicat va aluminat ty do trong chat két dinh trudng
thach kiém NaOH dugc thé hién trén hinh 2.
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Hinh 2. Anh hugng ctia nong do kiém dén nong do aluminat va silicat tu do

Nong do silicat va aluminat tan ra dung dich chiu anh
hudng truc ti€p clia néng dé kiém trong mau nghién ctu. §
nong do kiém 10M, néng do silicat thap hon 1M va néng dé
aluminat thap hon 0,2M. Diéu nay chiing t6 kha nang boc
tach 16p silicat ra khoi cau trdc & mic d6 trung binh, tuy nhién
kha nang boéc tach tao thanh cac dién [SiO4]* va [AlIO4]* cling
gop phan dang ké trong viéc tao lién két geopolyme trong
qua trinh déng rén. NaOH dugc lua chon dé st dung lam chat
kiém héa trong qua trinh tao chat két dinh.

3.2.4. Xdc dinh céng thirc ché tao chdt két dinh tir
truong thach

D€ Iua chon dugc cong thuc ché tao chat két dinh phu

Nong do Thé tich pha trudng thach ran, ml hop, lugng trudng thach va NaOH dugc khao sat & cac ty Ié
NaOH |1ngay| 2ngay |3ngay|4ngay| 5ngay |6ngay |7ngay kiém thém vao ti 10%, 20%, 30%, 40%, 50% khéi lugng so
125M | 160 | 1604 | 1615 | 1615 | 162 | 1621 | 16222 vGi trudng thach va thuc hién do mét s6 chi tiéu ca ly. Két

M [ 1612 | 1623 | 1634 | 1645 | 1658 | 166 | 1es,2 | ua duocthehién Gbang 3.
5M 1625 166 1684 | 1706 1715 1724 173 Béng 3.Tinh chat co |y cla chat két dinh tirtrufmg tha(h -NaOH
7,5M 165 171 175 | 1785 181 182 183 Théng s6 10% | 20% | 30% | 40% | 50%
10M 167 177 183 186 188 189 190 Thoi gian bt dau dong két (phit) 130 | 129 | 132 | 133 | 135
TU két qua bang 2 cho thé thay rdng méc du trong dung | Thai gian két thic dong két (phat) 250 | 350 | 500 | 800 | 1020
dich kiém manh, song d6 truong nd& cha trudng thach Do 6n dinh thé tich (mm) 07 11119 3 | 44
khéng cao. G néng 6 1,25M NaOH, d6 truong n& téi da dat Cudng d6 nén sau 7 ngay (MPa) 163 158|152 [ 146 | 13,6

khoadng 3% va & ndng d6 kiém cao 10M thi d6 truong nd
cling chi dat khoang 15%. Két qua con cho thdy, thoi gian
tiép xdc gila trudng thach va dung dich kiém khoang 5
ngay thi thé tich pha rdn da gan én dinh, thay déi khéng
dang ké.

3.2.3. Khdo sdt ddnh gid dnh ctia néng dé kiém dén dé
nhét cia chdt két dinh, kha ndng béc tdch I6p tir dién
nhém oxit ra khéi I6p tir dién silic oxit

Viéc béc tach 16p ta dién nhom oxit ra khéi I16p tu dién
silic oxit c6 y nghia quan trong trong viéc hinh thanh céc lién
két trong qua trinh hinh thanh geopolymer. Qua trinh téng
hgp geoplyme trudc hét la qua trinh bé gay cac lién két cong
héa tri Si-O-Si va Al-O-Si khi néng d6 dung dich kiém
tang lén va tao thanh chudi polyme cé cong thic chung
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Tu két qua bang 3 cho thdy, khi ting ham lugng kiém,
ké ca kiém NaOH va véi thi chat két dinh tao dugc co thoi
gian déng két tang, cudng d6 nén gidm va do n dinh thé
tich gidm. Trong dé, thai gian bat dau déng két thay déi
khéng dang ké, con thai gian két thic déng két tang nhanh
han khi tang lugng kiém trong chat két dinh, véi chat két
dinh la trudng thach - NaOH thai gian két thuc dong két rat
I6n. Diéu nay c6 thé gidi thich khoang thai gian cac phan tu
kiém hoat hdéa dugc cac phan ti fenspat tao sé lién két
Si-O-Al-O dui 16n dé€ bt dau qua trinh dong két 1a nhu nhau
nén thai gian bt dau dong két thay ddi it, khi tang ham
luong kiém dan dén ham lugng kiém du 1én, lugng NaOH
bi du lam thai gian két thuc déng két kéo dai. P& lya chon
chat két dinh phu hop c6 thé déi chiéu véi tiéu chuan cla
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xi mang theo TCVN 6282:2009 (thai gian déng két I16n hon
45 phut, thai gian két thic dong két nhé hon 375 phat) thi
chi co ty [& NaOH 10% dén 20% la phu hop.
3.3. K&t qua déng ran xi thai phét pho bang chat két
dinh truong thach - NaOH

Qua trinh thuc hién déng ran dugc khao sat véi chat két
dinh 6 ty lé xat/trudng thach la 10% va 20%, ty 1é xi thai
dugc phéi tron khao sat & ty 1é chat két dinh/xi thai la 10%
dén 50%. San pham sau khi dong ran dugc luu dudng trong
28 ngay, sau dé dem do cudng d6 chiu nén. Két qua dugc
thé hién & bang 4.

Béng 4. Két qua khao sat ty |é phdi tron dong ran xi thai phot pho véi trutng
thach, it

I Chat két dinh . R
K h:gu Xi |Truong | %kiémso | Xut Nudc | Cung
mau Lo (ml) |d6nén| Ghichu
(g) | thach | véitrudng | (g) (Mpa)
(9) thach
Truong thach 10% so véi xi
TX101 | 500 | 50 10% 5 555 | 105
TX102 | 500 | 50 20% 10 56 | 13,66
Truong thach 20% so véi xi
TX201 | 500 | 100 10% 10 61 13,5
TX202 | 500 | 100 20% 20 62 | 14,57
Truong thach 30% so véi xi
TX301 | 500 150 10% 15 | 66,5 12
Bé mat ngoai
TX302 | 500 150 20% 30 68 | 12,97 ph ldp
mang tring
Trugng thach 40% so v6i xi
TX401 | 500 | 200 10% 20 72 9,79 | Bé mdt ngoai
X402 |500| 200 | 20% | 40 | 74 | 11,253 m;):; :f;ng
Trugng thach 50% so v6i xi
TX501 | 500 | 250 10% 25 | 77,5 | 8,8775 | Bé mdt ngoai
™02 |500| 250 | 20% | 50 | 80 | 826 m::; :f;ng

Tu két qua thuc nghiém cho thay véi lugng chat két
dinh (trudng thach, xdt) tang Ién thi trén bé mat vat liéu
dong ran c6 xuat hién tugng phd lam mang trang “mdéc
cacbonat” do qué du kiém gay nén, anh hudng dén tham
mi va do bén, cé thé dan dén hién tugng & nhiém thu cap.
Cudng d6 chiu nén khéng tang theo ty l& chat két dinh,
chiing t6 qua du thia kiém sé lam dé giam dé chiu nén.
Nhu vay, ty 1& trudng thach nam trong khoang 10% dén
20% co gia tri cudng d6 chiu nén kha cao tir 10,5 dén
14,57MPa. Cac mau TX 101, TX 201, TX 202 dugc lua chon
dé do dd6 hut nudc, két quad do dugc lan luot 1a 9,92%;
10,43%; 9,67%. VGi cac thong s6 vé vat liéu déng ran thi do
huat nudc thap, cudng do chiu nén cao, nhu vay chi cé mau
TX202 la phu hgp vai ca hai yéu t6 trén. Cudng dé chiu nén
cla mau dat dén 14,57MPa rat t6t dé ing dung lam gach
khéng nung theo TCVN 6477:2016, ty 1& xit thdp cling
gidm thiéu chi phi cling nhu van dé 6 nhiém thu cap. Mat
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khac lugng trudng thach s dung ciing khéong cao, dam
béo tiéu chi lugng xi thai (chi€ém 80% khéi lugng) sé dugc
xU ly nhiéu nhat.
4, KET LUAN

Viéc nghién ctu xu ly xi thai phét pho theo hudng san
xudt cac vat liéu khong nung ¢ y nghia thuc tién 16n. Qua
trinh dong ran phai husng téi lugng xi thai duge xt Iy 1a lon
nhat. Trong nghién ctu nay, qua trinh dong ran dugc thuc
hién phéi trén véi khodng sét la trudng thach, kiém hoa
bing NaOH theo dang bé tong “geopolymer”. Vat liéu
dong ran lua chon t6t nhat khi phdi trén cac chat theo ty &
(xat/trudng thach la 20%, trudng thach/xi 1a 20%) mau
TX202 phu hgp nhat véi cudng d6 chiu nén dat 14,57MPa,
dé hat nudc 9,67%. Cac théng sé trén cho thay kha nang
ting dung lam gach khéng nung, vat liéu déng rén c6 thé
dap ung dugc cac chi tiéu theo TCVN 6477:2016. Két qua
nghién clru cé y nghia thuc tién, co tinh kha thi, gitp cho
viéc giai quyét van dé 6 nhiém chat thai cong nghiép, dam
béo san xuat xanh, sach va bén viing.
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