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ABSTRACT

In this study, the cement clinker was mixed with P2Os mineralization
additives with the rate of 1.0% and 2.0% (compared to the content of
cement clinker without P20Os mineralization additives which was called
the control sample) and then this mixture was calcined at temperatures
of 1300°C and 1400°C by gas furnace. The mechanical properties of the
prepared cement samples were determined: density and free lime
content of clinker; normal consistency and setting time of cement paste;
soundness and compressive strength of hardened cement paste. The
results showed that, the cement samples mixed with P.Os mineralization
additives had free lime content (1.36-1.91%) which was lower than the
control sample (1.39-2.34%). The setting time significantly reduced
compared with that of the control sample. The soundness of cement
samples mixed with P2Os reache 0.55-1.2 mm in accordance with TCVN
40311985 and it was smaller than that of the control sample. The
compressive strength of hardened cement paste sample which mixed
with P05 of 1.0% (at the age of 28 days) reached 25.23 N/mm? at
1300°C (the control sample reached 24.32 N/mm?) and reached 28.6
N/mm? at 1400°C (the control sample reached 27.00 N/mm?). The study
showed that, The wusing of P20s mineralization additives with
appropriate content will bring to the improved quality of the cement
clinker.

Gidi thiéu chung

ran [1,2,9-10]. Viéc st dung chét phu gia khoang hdéa
ngoai viéc tiét kiém nang lugng thi né con dem lai céc
tac dung vé cai thién nang suét, chat lugng clanhke xi

Nhu da biét chat phu gia khoang héa dugc dua vao
phéi liéu clanhke xi mang dé nham muc dich la gidm
nhiét d6 phan huy nguyén liéu ban déu thanh cac oxit
6 hoat tinh cao, ai luc hod hoc Ién, tao diéu kién tang
nhanh t6c dé phan Ung tao khoang clanhke trong pha

mang. Vi du nhu nhiéu loai chét khoéng hoa lam tang
ham lugng Alit tir d6 ta cé thé pha thém dugc nhiéu
phu gia hon dé tang nang suét xi mang [3-6]. Khi khoa
hoc ky thudt phat trién thi viéc cai thién chat luong
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nung tap trung vao viéc tac déng truc ti€ép dén phdi
lieu clanhke xi mang nhu: Gidm hé s& b&o hoa voi
(LSF), nhung né cling déng nghia vdi viéc gidm ham
lugng Alit hinh thanh, do dé viéc pha thém nhiéu phu
gia vao clanhke dé tang nang sudt XM khodng thuc hién
dugc; hoac giam modun nhom (SA=A/F) dong nghia
vai viéc gidm doé nhdét, tdng cudng phan Ung tao
khoéng khi c& mat pha long. Bién phéap nay da dugc
s&f dung trong san xuat “xi mang bén sunfat cao chua
Bari” cia TS. Mai Van Thanh [7], nhung né c6 thé gay
kho khan cho qué trinh van hanh 10 do I&p cdla hinh
thanh mdéng. Do dé tét ca cac bién phap s&t dung phu
gia khoang hoa nham gidm LSF, SA cling chi c6 thé
gidm dén mot gia tri gidi han nhat dinh. Phu gia
khoang hoda cling lam cai thién rét nhiéu vé van hanh
lo, chét lugng clanhke, dac biét la tiét kiém nhién liéu
va gidm muc dé phan tan cta NOx, SOx.. Nhung
trong mét s6 trudng hgp cling gép kho khéan vé bét
tdc 1o va hé théng thép trao déi nhiét [3-8]. Cac
nghién cdu cling cho thédy viéc sif dung loai chat
khoéng hoé vdi cac ngudn nguyén liéu khac nhau thi
cling c6 tac dung khéac nhau 1én chét lugng thanh
phdm clanhke xi mang. T cac phan tich trén cho thay,
rat can c6 nhitng nghién cliu cu thé cla loai chat
khoang héa cling nhu ham lugng cuia chét khoang hoa
doi véi tiing vung nguyén liéu dé co thé dua vao st
dung trong céng nghiép san xuét xi mang [3-6,9-10].

Nghién clu nay da thuc hién ché tao xi mang Podc
ldng dugc pha trén 1-2% phu gia khoang hoa P2Os
nung & 2 nhiét d6 nung 1300°C va 1400°C, va khao sat
anh hudng cta ham lugng phu gia khoang hda P20s
dén chét lugng clanhke xi méng Podc 1ang. Cac cac chi
tiéu cg ly cla xi mang dugc khdo sat nhu: ty trong
clanhke xi mang, ham lugng voi tu do (Cw) trong
clanhke, lugng nudc tiéu chuén, thai gian déng két, do
6n dinh thé tich clia xi mang va cudng dé bén nén clia
Xi mang.

Thuc nghiém va phuong phap nghién cdu

Nguyén liéu st dung

Bang 1: Thanh phén hoa cla phdi liéu clanhke xi mang
(CLXM), phu gia khoang héa P20s va thach cao (%)

% MKN | SiO; |Fe203|AlO3| CaO [MgO|R20| SOs | P>0s
Phai liéu
CLXM 39,28 118,36| 5,26 | 5,97 |53,86| 1,37 |0,91] 1,12 -
Thachcao | 7,92 10,89| 0,03 | 0,14 |37,58| 0,91 |0,20(51,62| -
P20s - - - - - - - - [30.08

Nguyén liéu st dung trong nghién ctu gém: Phéi liéu
clanhke xi mang clia nha may Xi mang Thanh Céng -

Hai Duong; phu gia khoang hoda P20s &y tUr ngudn
nguyén lieu Apatit - Lao Cai; thach cao. Cac nguyén
liéu c6 thanh phéan hoa cho trong Bang 1.

Quy trinh thuc nghiém

Cac mau phdi liéu clanhke xi mang co thanh phan hoa
nhu trong Bang 1 dugc dem trén véi phu gia khoang
hoa P20s 1an lugt theo cac ty 16 la 0%, 1,0% va 2,0% (so
vGi ham lugng cla phdi liéu clanhke xi mdng). Hon
hgp phdi liéu sau khi trén déu véi phu gia khoang hoa
P.Os dugc dem tron &m, tao hinh va sdy khé, sau do
dugc nung & 2 nhiét d6 1300°C va 1400°C bang 16 gas.
Cac méau clanhke xi mang nay tiép tuc dugc nghién 1an
vGi 1ty 16 thach cao nhu nhau dé dam bao ham lugng
SOs trong xi mang nhd hon 3,5%. Cac mau xi mang
sau nghién tuong Ung vd&i ham phu gia khoang hoa
P20s c6 ham lugng 0%, 1,0% va 2,0%, dugc ky hiéu
mau tuong Ung 1a XM-0.0, XM-10 va XM-2.0. Tiép
theo, cac mau xi mang XM-0.0, XM-1.0 va XM-2.0 ché
tao dugc dem sang trén sang N°008, xi mang c6 do
sét sang nho hon 10% dugc dem tién hanh céc thi
nghiém xac dinh cac tinh chat cg ly nhu: xac dinh ty
trong, ham lugng véi tu do trong clanhke; xac dinh
lugng nudc tiéu chudn, thai gian déng két cla ho xi
mang; xac dinh d6 6n dinh thé tich, cudng dé bén nén
clia da xi mang.

Cdc phuong phdp nghién cau

Céac phuong phap nghién cliu bao gém: (i)- céc
phuong phap tiéu chuén: phuong phép xac dinh ham
lugng voi tu do con lai trong clanhke (Ci) theo
phuong phép chudn dé etylen- glycol theo TCVN
141:1986, phucng phap xac dinh dé 6n dinh thé tich
theo TCVN 4031:1985, nudc tiéu chudn va thdi gian
ninh két dugc xac dinh theo TCVN 6017:1995, d6 bén
nén cla xi mang dugc xac dinh theo TCVN 6016:1995,
va (i)- phuong phép phi tiéu chuén: xac dinh ty trong
cla clanhke sau khi nung, clanhke dugc dem dap sa
bd &y nhing hat cd kich thudc trén sang 2 mm va
dudi sang 10 mm dugc dem xé&c dinh ty trong.

K&t qua va thao luan

Khdo sat anh hudng cta phu gia khodng héa P-Os dén
ty trong cta clanhke xi mdng

Anh hudng clia ham lugng phu gia khoang hoa
(PGKH) P20s dén ty trong cla clanhke xi mang & nhiét
do6 nung 1300°C va 1400°C dudc thé hién & Bang 2. Két
qué khao sat & Bang 2 cho thay: ty trong clia cac mau
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clanhke xi méang c6 phu gia khoang hoéa P20s thi déu
¢ ty trong cao hon so véi mau déi ching. Khi ham
luong phu gia khoang hda P.Os dugc tdng & khoang
thap ttr 0,0-0,1% thi ty trong clia clanhke tang. Khi ham
luong P20Os tang tiép tuc 0,1-0,2% thi ty trong clanhke
co bi gidm mét chat. Ty trong clia cac mau clanke
tuong Ung & 1400°C déu I8n hon tai 1300°C. Biéu nay
cho thay, khi tang nhiét dé nung thi mdc do két khai
clia clanhke la t6t hon.

Bang 2: Anh hudng ctia ham lugng PGKH P20s dén ty

trong cla clanhke xi mémg (CL) & nhiét d6 nung
1300°C va 1400°C

Ty trong ctia CL 1300 °C | Ty trong ctia CL & 1400

°C (g/cm?)

Mau XM
(g/cm?)

P20s
Ky hiéu . LAn1|Lan2|L&n 3| TB |Lan1|Lan2|La4n3| TB
(%)

XM-0.0 | 00 | 095080085087 | 113 | 110 | 1,06 | 1,10

XM-1.0 | 1,0 | 1,08 | 1,09 | 1,08 | 1,08 | 1,12 | 1,09 | 114 | 1,12

XM-2.0 2,0 ] 105 | 107 | 1,05 | 1,06 | 109 | 112 | 111 | 111

Anh huéng ctia phu gia khodng héa P-Os dén ham
lugng Vi tu do cua clanhke xi mdng

Anh hudng ctia ham lugng phu gia khoang hda P20s
dén ham luong voi tu do (Cu) clia clanhke xi mang &
nhiét dé nung 1300°C va 1400°C dugc thé hién & Bang
3. Két qué khéo sat & Bang 3 cho thdy, khi tang ham
lugng P20s & giai doan dau (0,0-0,1% P20s) thi ham
lugng Ctd cla clanhke gidm, nhung khi tdng thém nifa
(0,1-0,2% P20s) thi ham lugng Ctd lai tdng nhinh 1én
mot chut.

Bang 3: Anh hudng clia ham lugng phu gia khoang
hoa P20s dén ham lugng véi ty do (Cig (%)) cla
clanhke (CL) & nhiét d6 nung 1300°C va 1400°C

dich rén C3P-C2S & nhiét d6 cao kém hon, mang Iudi
cdu truc 1ong léo hon dan dén viéc phan Ung tao
khoang CsS t6t hon so vdi & nhiét d6 thap, dan dén
ham lugng voi tu do dugc gidm di mét chut, dat gia tri
ham lugng voi tu do 1,36-1,41% & 1400°C so vdi 1,53-
1,91% & 1300°C [1,4,5,10].

Anh hudng cta phu gia khodng héa P:0s dén nudc
tiéu chudn va thoi gian déng két ctia xi mdng

Két qua khao sat lugng nudc tiéu chudn va thai gian
déng két (thai gian bat bau dong két va thai gian két
thic dong két) clia cac mau hod xi mang (XM) dugc thé
hién trong Bang 4. Két qua khao sat Bang 4 cho thay,
& cac mau co chila phu gia khoang héa P20s ¢é lugng
nudc tiéu chudn cla hd XM thay déi khéng nhiéu so
véi mau déi chiing. Tuy nhién, thai gian déng két & cac
mau chia phu gia khoang héa P20s lai gidm manh so
v8i mau déi chiing. Ngoai ra, nudc tiéu chuan G nhiét
dé nung 1300°C luén nhd hon nudc tiéu chuén tai
nhiét d6 nung 1400°C.

Bang 4: Lugng nudc tiéu chuén (ml), thai gian bat dau
dong két (TGBDDK) va thai gian két thic dong két
(TGKTDK) clia cac mau xi mang (phut)

Mau Tai 1300 oC Tai 1400 oC
Nudc
K¢ hidu P205| Nudc tiéu [TGBDDK|TGKTPK|  tiéu TGBDDK | TGKTBK
yhie (%) |chudn (ml)| (phdt) | (phat) | chudn | (phat) | (phut)
(ml)
XM-0.0 0,0 24,00 138 187 26.40 90 19
XM-1.0 1,0 24,40 101 179 26.00 59 88
XM-2.0 2,0 22,00 79 161 26.40 49 63

Ham lugng Cyy ctia CL &
1400°C (%)

Ham lugng Cyy ctia CL &

MBu XM
au 1300°C (%)

P.Os

%) l&n1|L&n2 | Lan3 | TB | LanT|Lan2 | Lan3 | TB
0,

Ky hiéu

XM-0.0 | 00 | 240 | 225 | 237 | 234 | 1,50 | 126 | 140 | 139

XM-1.0 | 1,0 | 200 | 120 | 140 | 153 | 137 | 135 136 | 1,36

XM-2.0 | 20 | 250 | 210 112 1 191 | 157 | 1,30 | 1,38 | 1,41

Ham lugng véi ty do clia cac mau clanke tuong Ung &
nhiét do nung 1400°C déu nho han & 1300°C. Diéu nay
c6 thé dugc gidi thich: Trong cac mau chifa phu gia
khoadng hoa P20s, do cé P2Os hinh thanh mét dung
dich ran vdi CoS & trang thai 6n dinh 1a CP-CS, va
muc do én dinh cla dung dich rédn nay tang khi tang
ham Iugng P20s. Do do lam gidm ham luong khoang
Cs3S trong clanhke, tuong ducng vdi viéc tang ham
luong voi tu do. Nhu vay khi tdng ham lugng P2Os thi
kha nang lién két voi giam. Khi nhiét dé nung tang 1én
1300-1400°C thi c6 thé do mic dé én dinh cla dung

Lugng nudc tiéu chuén trong XM phu thudc vao thanh
phén khoang va doé min cla XM, XM cha nhiéu
khoang C3A va C3S doi hdi nudc nhiéu hon nén nudc
tiéu chudn sé cao hon. O cac mau chla phu gia
khoang hda, viéc tang ham luong phu gia khoang hoa
luén lam tang ham luong khoang C3A, do do nudc tiéu
chudn & cadc mau nay cao han so véi mau déi ching.
Thém nifa, cac mau chita phu gia khoang hoa co thdi
gian dong két gidm manh so v&i mau déi ching.
Nguyén nhan 1a do trong cac mau cha phu gia
khoang hoa thi ham lugng C3A cao hon so véi mau déi
chiing nén téc dé hydrat héa manh hon lam thai gian
déng két nhanh han [1,4,5,10].

Anh hudng cta phyu gia khodng héa P-Os dén do én
dinh thé tich cta xi mdng

D6 6n dinh thé tich cla xi mang dugc xac dinh theo
phuong phap Le Chatelier. Két quad khao sat do én
dinh thé tich xi mang dugc cho trong Bang 7. Theo
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TCVN 4037: 1985 thi d6 6n dinh thé tich cla xi mang
thong thudng déu phai < 10 mm. Két qua Bang 7 cho
thdy cac mau xi mang déu c6 do én dinh thé tich phu
haop vdi tiéu chudn cho phép.

Bang 5: DO 6n dinh thé tich (mm) clia cac mau xi mang
(XM) & nhiét dé nung 1300°C va 1400°C

M3u XM D& 6n dinh thé tich (mm)
Ky hiéu Po0s (%) 1300°C 1400°C
XM-0.0 0,0 4,40 2,40
XM-1.0 1,0 1,20 0,55
XM-2.0 2,0 1,00 0,80

Anh hudng ctia phy gia khodng héa P-Os dén cudng
do bén nén caa xi mdng

K&t qué khao sat anh hudng clia ham lugng phu gia
khoang hda P20s dén cudng dé bén nén cua da xi
mang & cac nhiét do nung 1300°C va 1400°C dugc thé
hién & Bang 8. TU két qua xac dinh cudng dé va do th
ma&i quan hé phu thuéc gitia cudng dd nén & cac ngay
tudi véi ham lugng phu gia khoang hoa P2Os cho théy:
phu gia khoang hda cho vao khong céi thién nhiéu
cusng dé sdm clia dé xi mang, do viéc tao ra dung
dich rén GsP-C2S 6n dinh lam gidm sy phat trién cla
C3S, do vay cudng do sém cua cac mau giam. Nhung
& tudi mudn dac biét & 28 ngay, cudng do & cac mau
nay 16n hon han so véi mau déi ching. Nguac lai, khi
tang ham Iugng P20s thi cudng dé clia cac mau & hau
hét cac do tudi déu gidm. Cac nghién cltu déu chi ra
rang su két hop clia hop chat phét phét trong clanhke
khong co anh hudng nhiéu dén su hinh thanh cla
ettringit, né can tr& dén su phat trién cudng dé do su
hinh thanh cham ctia pha CSH [1,4-6]. O nhiét dé nung
1300°C va 1400°C, cudng db bén nén I6n nhét dat
dugc & mau xi mang co pha trén 1,0% phu gia khoang
héa P20s va & tudi muodn 28 ngay tudi (25,23 N/mm? &
1300°C va 28,6 N/mm? & 1400°C). Mau t6i uu tai
1300°C c6 cuang do 28 ngay 16n han so vdi cudng dd
28 ngay cla mau t6i uu & 1400°C. Biéu nay co thé
dugc ly gidi 1a do ham Iugng C3S mau nung & 1300°C
c6 thé 16n hon nung & 1400°C. Khi st dung phu gia
khoadng hoda P20s c6 tac dung lam tang ham lugng
pha ldng, gidm dé nhét va sdc cang bé mat cla pha
ldng, thac dédy su hinh thanh sém cia CsS. Khi tang
nhiét d6 nung thi cling déng nghia vdéi viéc lam tang
thai gian luu & nhiét do hinh thanh CsS. Trong giai
doan nay téc do phan tan cla céc ion trong pha 16ng
cao, cac tinh thé oS s& giam bé mat hoat dong cla
ching dé dat dugc trang thai bén nhiét doéng
[1,2,4,5,10]. Do viéc hinh thanh cac tinh thé CS thd nay
ma su hinh thanh G3S bi can tr&. Chinh vi vay ham
lugng C3S trong trudng hop nay & nhiét doé nung

1400°C thép haon nhiét d6 nung 1300°C nén cudng do
bén nén & 1400°C la thap hon & 1300°C. Nhu vay, viéc
st dung phu gia khoang hda P20s c6 thé tang cudng
dd bén nén clia mau so véi mau déi ching khi nung &
nhiét dé cao han 100°C (& tusi mudn 28 ngay tudi) va
cho ham lugng Cw phu hgp trong khodng cho phép.
K&t qua nay phu hgp vdi két luan cla nhiéu nha
nghién cltu cho rang viéc st dung phu gia khoang héa
P20s & ham lugng thich hgp lam cai thién chat lugng
cla clanhke xi mang [4-6].

Bang 6: Anh hudng clia phu gia khoang hoa P20s dén
cudng do bén nén clia cac mau xi mang & cac nhiét
dd nung 1300°C va 1400°C

Mau XM Do bén nén & 1300 °C (N/mm?)

Ky hiéu | P.Os 1 3 7 14 28
(%) | ngay | ngay | ngay | ngay ngay

XM-0.0 0,0 3,05 7,35 14,00 18,70 24,32

XM-1.0 10 1,83 3,47 9,67 19,80 25,23

XM-2.0 2,0 112 163 1,40 8,20 10,45

Mau XM Do bén nén & 1400 °C (N/mm?)

P.Os 1 3 7 14 28
(%) ngay | ngay | ngay ngay ngay

Ky hiéu

XM-0.0 0,0 6,77 10,20 15,33 22,47 27,00

XM-1.0 1,0 1,87 4,00 7,47 14,90 28,60

XM-2.0 2,0 3,20 4,30 4,60 10,37 21,42

K&t ludn

Theo cac két quéd nghién clu, phu gia khoéng hoa
P20s ¢ tac dung:

Giam ham lugng voi tu do (Ci) trong clanhke xi mang
(1,36-1,91% so vd&i mau déi ching khong phu gia 1,39-
2,34%).

Giam manh thdi gian dong két: & nhiét dé nung
1300°C c6 TGBPDK 79-101 (phit) so véi mau déi ching
138 (phut) va TGKTPK 161-179 (phdt) so vai mau déi
chiing 187 (phut); & nhiét dé nung 1400°C cé TGBDHK
49-59 (phut) so v&i mau ddi ching 90 (phdt) va
TGKTDK 63-88 (phut) so vai mau déi chiing 119 (phut).
Tang d6 6n dinh thé tich clia xi mang, dat dugc 0,55-
1,2 mm (so v&i mau déi chiing 2,4-4,4 mm).

Vi ham lugng 1,0% P2Os & mau XM-1.0 lam tang
cudng dé bén nén cla da XM & tudi mudn 28 ngay
tudi, dat dugc 25,23 N/mm? & 1300°C (so vdi mau ddi
ching dat 24,32 N/mm?) va dat dugc 28,6 N/mm? &
1400°C (so v&i mau déi chiing dat 27,00 N/mm?).

Tai liéu tham khao
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