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LOI NOIPAU

Xi ming la loai vat liéu xdy dung quan wong nhit, [A var liéu cd
ban trong xdy dung cdc cbng trinh ddn dung va cdng nghiép, cling nhu xay
dung cd s8 ha ting cla nén céng nghiép hién dai. Xi méing c¢d nhifng tinh
ning wu viét hon hin tat cd cdc loai vit lidu xdy dung khdc. Cong nghé
san xudt xi ming trén th& gidi hién tai v twong lai khoéng ngiing phat
trién; vi du s sdn xuat xi miing trén thé gidi tir ndm 1950 ti€n trién nhu
sau:[18]

1950............ 123 tridéu tan 1994,........... 310 riéu tan
1960, ............. 316 tridu tan 2000............ 1.624 tri¢u tan
1970.............568 tri¢u tin 2005............ 1.833 tridu tin
1974.............. 740 triéu tin

Tinh hinh phdt tri€n cdng nghé sin xudt xi ming cia Viét Nam:

Khi dit nuSc hoan toin thdng nhit & mién bdc chi c6 nha mdy xi
ming Hai Phong, sdn xufit theo phuong phap udt, vdi 8 10 quay kich thude
2,8...3,0 x 80...100m. & midn nam cé nha mdy xi ming Hi Tién, ciing
sdn xut theo phuong phdp udt, vdi 2 10 quay kich thude 3,5 x 120m. Ngoai
ra ¢on ¢d cdc xi nghiép xi ming 1» ding thd cdng, bin cd khi dvge phin
bd khip cdc tinh & mién bic. Téng sin luong chi dat khoing
700.000...800.000 tdn/nim,

T ndm1980 - 1990, nhd mdy sdn xudt xi ming portland hién daj
ddu tién duge xdy dung & Viét Nam 13 nha mdy xi ming Hoang Thach,
theo phudng phdp khd 16 quay vdi cyclon trao d8i nhiét, ning suit 1 triéu
tin/nim; i€p d&€n xay dyng nhi m4y xi ming Bim Son theo phudng phip
udt 10 quay, ning sudt 1,2 triéu tAn/nam v nha mdy xi ming Ha Tién
theo phuong phdp kho 10 quay, niing suft | iriéu tdn /nim.

Budc vio thdi ky ddi méi, Nha nude di ¢6 chinh sich vu tién phat
trién nganh cdng nghd san xuit xi ming, bing ngudn v&n trong nude két
hgp v8n vay nudc ngodi; ti€p thu cdng nghé tién ti€n cha thé gidi, da diu
tr xay dung hing loat cdc nhd miy sdn xuit xi ming theo phudng phdp
khé 160 quay nhu @ nhd mdy xi mang Hoang Thach 2, xi ming But Son, xi
méing Hoang Mai; dong thdi goi von diu tu, lién doanh v8i nudc ngodi
xdy dung cdc nhd mdy xi ming Chin Phon, xi ming Vin X4, xi ming Sao



Mai. xi ming Nghi Son. Ngoii ra ¢dn ¢6 dy dn vé xi ming di duge Nha
nrde phé duyét, dang trigén khai diu tr xiy dyng hang loat cdc nhd méy
san xuAt xi ming, cing theo phugng phdp kho 10 quay nhu: nha mdy xi
ming Tam Biép. xi ming Hai Phong mdi, xi mang Phic Son, xi ming
Sang Gianh, xi mdng Hung Vuong (Pht Tho), xi ming Yén Binh (Yén
Bai), xi ming Son La, xi mang Hoang Thach 3, xi mdng Ha Long, xi mang
C&m Ph3, xi ming Binh Phudc, xi mang Thdi Nguyén, xi miing Bim Sdn
md& rong, xi ming Bt Son 2, xi midng Thing Long, xi ming Tdy Ninh.
Téng cbng suit thi€t k€ cla cdc nhd mdy xi ming trén 12 24,9 tridu tn.
Thai gian trién khai cdc dy dn trén tir 1997 — 2008 [491.

Nha nuwde di ¢6 dif ki€n quy hoach phdt trién cdng nghé sdn xudt xi
ming dén nam 2010 va dinh hudng phdt trién dén nim 2020, nhdm dip
\ng nhu ciu tidu ding xi ming ngdy cang ting trong thdi ky cdng nghiép
héa hién dai hoa dat nude [50).

(triéu tin)
Nam 2000 2003 2010 2020 |
Sanlugng | 1550 | 23.04 3434 | 5354

Budc vio thdi k¥ hoi nhdp kinh t& khu vie va thé gidi, thuc hién
dudng 167 d8i méi cla Pdng, nganh ¢cong nghé sdn xuat xi ming clia Viét
Nam di ¢é ohirng budc ti€n rit nhanh va vifng manh. Tir 46 dd dat ra mot
vin dé rat 16n 13 ¢dng tic dio tao doi ngil k¥ su silicat va k¥ su cOng nghé
vat liéu xiy dung, ¢ khd ning qudn 1y 15t v€ kinh 1€ k¥ thudt; cling nhy
dio tao doi ngdl cdn bd k¥ thuat va cong nhin ¢6 tay nghé cac , bio dim
thyc hién céng viéc diéu hiinh sdn xuit § cic nhd mdy dat hi€u qua kinh
t& k¥ thuat t8t nhit. Chinh vdi myc dich trén, sich “ Héa hoc va cbng
nghé sin xudt xi ming” da dugc xufit ban. Trudc tién nhim trang bi cho
sinh vién clia cdc trudng dai hoc va cao ddng v¢ chuy&n nganh cdng nghé
vit lidu silicat vd chuyén nginh c¢dng nghé vit liéu xdy dung nhitng ki€n
thic ¢ ban, ddng thdi c6 hé thdng v& cdng nghé sdn xudt cdc chat két
dinh néi chung, dic biét1a déi vdi xi ming portland néi riéng.

Phin chuyén siu v&” héa hoc va cong nghé siin xuft xi ming”, nhu
héa 1y qué trinh nung clinke xi ming hay héa hoc qué trinh déng rdn clia
xi mang, cé thé danh cho cdc k¥ suf chuyén nginh dang cbng tdc tai cdc
nhi mdy, hay & cdc trudng, cdc vién tham khdo thém trong cOng tic
nghién citu, hay gidi quy&t nhirng vin dé ky thudt ndy sinh trong sdn xudt.
Ngay ci déi vdi cdc k¥ su chuyén nganh xay dung, theo tdc gid, cling nén



tham khdo “ Héa hoc vi ¢éng nghé sin xuil xi ming”, dic bi¢t vé hoa ly
qué trinh déng rin, cic tinh chat dac trung cla cdc loai xi ming, su in
mon va cac bién phap chdng dn mon dd xi mang vi bé 1dng. BDicu dé s&
gilip ich nhi¢u cho viéc thim dinh chit lugng cla cdc cong trinh xdy dung.

Phan chuyén siu vé&” Héa hoc va ¢bng nghé sin xuil xi ming”, két
hdp v8i nghién citu thyc nghiém trong phong thi nghié¢m, tif nim 1996 dén
nay, cling dd dugc s dung trong dio tac cao hoc cic khéa hoc thude
chuy&n nginh cong nghé vit hiéu xiy dung, Trudng Pai Hoce Bdch Khoa
Tp. H& Chi Minh.

“Héa hoc va cdng nghé sdn xudt xi ming” 14 mdt sdch gidng day chuyén
nganh, nén nhifng mén hoc ky thuit ¢d 8, dd duge ngudi doc hoc va ndm
vifng trude (nhir: héa 1y silicat, tinh thé khodng vit hoc, thiét bi nhiét, mdy
vi thiét bi sin xui't vat liéu xay dung ...}, nén khdng gidi trinh chi tiét.

Trong viéc hodn thanh sich * héa hoc vd cOng nghé sdn xuit xi
ming”, xin cdm on Thac si Huynh Thi Hanh (Trudng Dai Hoc Biach Khoa
Tp. H3 Chi Minh) di c6 nhitng trao d3i va cung cip mdt s§ tai liéu khoa
hoc ¢6 gid tri cho cdng viéc bién soan. Xin ¢dm dn cf nhin VS Lan Anh
di trye ti€p gidp tdc gid chinh 1y, hoan thién cdc dir liéu khoa hoc trong
qué trinh bién soan. Xin chin thanh cdm on v& sy trao d6i, ddng vién cla
cdc ban dong nghiép vi cia Bd mon c¢dng nghé vt liéu x4y dung rutng
Pai Hoc B4dch Khoa Tp. H6 Chi Minh. Xin chiin thinh cim dn Nhi Xuit
Bin Khoa Hoc Va K¥ Thuit trong cng vi€c bién tadp.

Héa hoc va cdng nghé sdn xudt cdc chat k&t dinh ndi chung va xi
ming ndi riéng 12 mét linh vure vira sdu rdng, vira phifc tap. Trong pham vi
cudn sich nhd ndy khéng thé€ néu diy 4, toan dien moi vin dé vé khoa
hoc v k¥ thudt... nén c6 thé cdn nhitng khi€m khuyét. Rat mong nhin
dude su déng gép ¥ ki€n cla cic déng nghigp va clia ban doc dé Wi li¢u
s& dugc hoan chinh (8t hon.

Moi ¥ ki€n xin gdi v& chi nhanh Nhd Xuat Bidn Khoa Hoc Vi Ky
Thuit: 28 Bong Khdi, Quin 1. TP. HCM. Bt (08) 8225026 - 8206628.

Tdc gia
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Phan md& dau

KHAI NIEM CHUNG

1 - KHAINIEM VE SILICAT

1-1 Silicat 1a gi?

V& v nghia héa hoc silicat 14 mudi kim loai clia oxyt silic, trong d6
hgp chat SiO, gill vai trd 13 c&u tlf oxyt ¢d bin.

Cd s cau tric mang 1udi silicat 13 uf dién silic-oxy [SiO4]*. Trong
dé 4 anion oxy bao quanh | kation silic. Khodng cdch giira Si-O = 1,60 A;
khodng cdch gitra cdc oxy = 2,62A va géc gilta mang udi cla kation silic
va 2 anion oxy = 109°28 (hinh 0.1).

o) ) ‘b)
Hinh 0.1: a) Sy sdp theo thit ty 4 nguyén tif oxy bao quanh | nguyén it
silic 3 b) T dién [SiO,]" cAu tréc nguyén t& cd bdn cla cée silicat :

0. Oxy_ @: Silic

T dién [SiO:]* chi ¢6 thé 1ién k&t véi nhau qua 1 oxy chung vi tao
nén nhiéu dang gdc clia cdu tric silicat. T dién [Si0]* con c6 khi ning
tién k&t vdi cdc kation kim loai: Na, K, Ca, Mg, Fe, Ti..., tao nén nhiéu
ciu tric silicat phitc tap (bing 0.1). T dién silic-oxy déng vai trd lién két
tao thanh nhiing hgp chit cao phin t silicat. Nhitng t dién lién k&t thanh
chudi hay kh&i qua anion oxy chung. Chiing lién k€t nhau thanh chudi va
vd tan. Trén cd s& cAu tric dic trung cd ban cla nf dién [Si0.]", cdc
silicat dudc phan loai theo anion phifc hgp elia chiing (bing 0.2).
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Bang 0.1: Cic

ciu triic silicat phifc hgp vdi cdc kation kim loai.

Céng thic
Tén khodng -
Ciu tric Oxyt
Olivin (Mg, Fe),[5i04] 2MgQ.5i0;hay 2FeO. Si0,
Akermanit (Caz, M2)[Si,04] | 2Ca0.MgO.2810,
Wadeit (Ka, Zn)[S8i304] K,0.Zr0,.3 Si0,
Dioptas Cug[Sig05]6H,0 | 6Cu0.6S8i0,.6H,0

Cé thé viét cdng thifc silicat dusi dang oxyt, theo thif tu tif hod tri
thdp dé&n hod tri cao, cudi cling la SiO; v2 hydrat (n€u c6).

Bang 0.2 : Phéin loai céc silicat theo anion phiic hgp [1]

Tén got Cau tric dic trung Anion phtc | Leai khodng
Olivin
Nesosilicat [Si0.]* Afwillit
Norbergit
Sorosilicat [Si;0,]* | Hemimorphit
Cyclotrisilicat [$1:00]* Benitoit




Cyclotetrasilicat

[S1,015]* Axinit
Cyclohexasilicat [SicOys]" Dioptas
Beryll
Cyclohexasilicat [5i1,050)" Milarit
-kép
C4u ric
-Hai mang Diopsid
-Ba mang [SiOs], > Wollastonit
-B6n mang
-Nim mang Rhodonit
-Sdu mang Stokosit
-Bidy mang pyroxmangit
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-Mét mang kép 81,0512 Silimanit
Mulit
-Hai mang kép [S1401,]1,% Tromolit
-Ba mang kép [SicOy71' ™ Xonotlit
-Ba mang kép SisOis) " Epididymit
-B6n mang kép [SigOa0l > narsarsukit
Khodng sét
Lép 6 vong Pyrophyllit
Talk,
Glimme
Serpentin
Lép 5-8 vong [Si;05)sn” .
Okenit
Lép 4-8 vong
Apophvllit
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e ‘
o R O TN
Lép kép 6 4 a;@%&?ﬁ@ﬁﬁg _ Hexagonales
vong g el CaAl,Si0s
Cristobalit
Silicat phiic Tridymit
hop Nephelin
Quarz
Eukryplit
Orthoklas
Plagioklas

1.2 - Sy thainh tao cua cdc silicat trong thién nhién.

Cic silicat t8n tai trong ty nhién 6 dang “khodng” (bdn thin chi
chita mot hop chit silicat két tinh) hay dang *“d4” chira cdc hdp chit silicat.
Hiu hét cdc silicat tdn tai dudi dang tinh thé, v6 dinh hinh hay dang thiy
tinh (chi€m phin rat nhd). Theo dy dodn khoa hoc, cdc hdp chil silicat
chi€m > 90% Kh&i Idng cha [3p vO ngodi trdi dit (diy 16 — 20km), ma
chiing ta dang séng.

A s
p—:] a7

— Ca 3
Na 24
K 24
g 14
H 0%
—n Qe
- Myupén i 08

Khdc

Hinh 0.2: Thanh phin cGa nguyén t3 trong 16p v8 ngoai trai dat [3]

Theo nghién citu cfia CLARKE (2] sau khi phan tich > 10.000 mau
d4t d4 theo chiéu siu khodng 16 km cla phin 16p v6 ngoai trdi dat da néu
1&n thanh phin trung binh clia cdc nguyén t6 nhu sau (hinh 0-2):

Tir nhitng s& lidu clia Clarke cho thdy riing 18p vé ngoai trdi dit
dudc ciu tao bdi 8 nguyén 1o cd ban: O, Si, Al Fe, Ca, Na, K, Mg, chiing
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chi€ém 98% khdi lugng c¢d bin clia vé trdi di't. Con tat ci cdc nguyén &
khdc chi chi€m phan cdn lai (= 2% khdi lugng vt chit). Ciing theo sg dé 3
nguyén t& diu la O, Si, Al (thanh phin chii y&u clia cdc khodng hay 16p vé
dit d4 tao nén 1dp v4 ngoai cla trii dat) chi€m 83,1% khéi lugng cic hdp
chdt va diy 12 nhitng hgp chi't ¢ bdn,

Vi du: Al;05.2510,.2H,0 (kaolinit)

Trong thién nhién, dén nay ngudi ta di bi&t c6 > 2000 cdc loai
khodng, thi trén 1/4 1a nhitng hgp chil silicat va lai ¢6 tinh chit phd bién
rong khip.

Trong cdc da khodng silicat chd y&u dé6, trude tién phii k€ dén
feldsfat, pyroxen, amphybol, quatz, mica, olivin, granit, epidot, zeolith,
khodang sét. Trong nhitng dd khodng silicat thi feldsfat chiém > 60%,
pyroxen va amphybol chi€m 16%, quatz = 12%, mica = 4%, tit ca nhifng
d4 khodng silicat cdn lai chi€m 8%.

Theo nhitng cdng trinh nghién ctfu thach hoc, cho biét sy thanh tao
cha cdc khodng thién nhién trén, x3y ra & nhirng diéu kién cuc ky dac
biét, nhu & di€u kién nhiét do va 4p sudl rdt cao (do phun trao ndi lfra),
hay dudi trang thdi bi xAm thyc, phong héa, hodc ling dong theo thdi gian
dai hing tri¢u, hing i niim, ma trong diéu kién k¥ thuit cia ching ta hién
nay khé ¢6 thé thue hién dugc.

Vidy: Kaolinitdo: -P4 gneis phong héa (mién bic —Viét Nam).
-Bd granit phong héa (mi€n nam- Viét Nam).

Nghi€n cifu sy thinh tao cia cdc silicat thién nhién, cho chiing ta
\nhifng ki€n thitc vé sy tdng hop cdc silicat nhin tao, phuc vu cho loi ich
cla lodi ngudi.

Trén cd s nhitng ki€n thite thach hoc, biing nhitng phirong phédp hod
1y, dugc thuc hién dudi nhitng diéu kién nhiét dé hoidc 4p sudt cao, hay
dudi dnh hudng cha tdc nhin hod hoc, cdc nhd khoa hoc da dng hdp dudc
hing loat cdc khodng silicat nhdn tac khdc nhau. Nhirng khodng silicat
nhiin tao ndy, giSng nhitng khodng silicat twong ng trong ty nhién hoic c6
thé c¢6 do tinh khi€t cao hon ty nhién, hodc ¢6 (hé dng hgp nhitng khodng
silicat khdng ¢ trong ttf nhién, tir d6 ché tao nhidu sin phim silicat khdc
nhau phuc vy cho cudc s&ng con ngudi.

Nhu én di gidi thiéu, bing phuong phdp nghién cifu thach hoc, cho
phép ching ta nhin bi€t > 90% khdi lugng vit chit cdu tao nén I8p vo
ngoai cla trdi dit 13 tr cdc khodng silicat. Bing nhitng phuong phdp
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nghién cifu hod 1y dudi nhirng diéu kién dic biét, cdc nha khoa hoc cling
di t8ng hgp hodc ché tao dudge hing loat cic silicat nhan tao. C6 thé hinh
dung riing: th&€ gidi bao quanh chiing ta 1a th& gidi silicat. Vi th€ silicat 13
ngudn vit lidu khéng thé thi€u dugde ddi véi cude sdng clia lodi ngudi. Tir
thdi sd sinh, thdi ky dé da, siticat d4 trd thanh cdng cu lao ddng va vii khi
ty v¢ dau tién ciia loai ngudi. Ti€p theo 12 thdi ky dd sanh, sau thdi kv dd
dbng, dd sit, (i€p dén 1a thdi k¥ db st va thdy tinh. Su i&p didn cha vat
liéu silicat luén ludn ddnh diu sy phat trién nén vin minh cfia loai ngudi.
Cho d€n ngay nay, cdng nghiép sin xudt cdc vit liéu silicat da phat rién
v6 cling manh mé va ryc 3 vé 56 lugng, cling nhu vé chiing loai cdc vat
liéu silicat: tir vit liéu xdy dung nhu xi ming, gach ngéi cho d&n sinh sit,
thuy tinh, vat li&u chiv l&ra cho d€n nhig sdn phim cao cip nhu thiy tink
quang hoc,... dugc sir dung trong c6ng nghiép hién dai, cling nhv trong linh
vuc vil (ruy.

Cdc vit lidu silicat, 1a y&€u 18 v6 cling quan trong ddi vdi nén kinh 18
cia mobi qubc gia. Ngiy nay, qua sy phdt trién vé cdng nghé sdn xuit cdc
vt lidu silicat ¢6 thé ddnh gid sy phét tri€n nén cdng nghiép ciing nhu nén
kinh t& clia mbi quéc gia.

Cong nghé san xudt vat liéu silicat duge phin thianh nhifng chuyén
nganh chinh:
- Cdng nghé sdn xudt cac chilt két dinh v6 co.
- Cdng ngh& sdn xudt g&m st — vit lidu chiu li¥a,

Cong nghé sdn xudt thiy tinh,

Cong nghé traing men kim loai.

Trong tai liéu ndy, ching ta chi khdc sit cOng nghé sidn xuit cdc
chit k&t dinh v6 co.
2 - KHAINIEM VE CAC CHAT KET DINH

Céc chat k&t dinh 1 Joai vit ligu, khi trén véi nudc va cbt lidu (soi,
cdt, dd dim) theo mot 1y 1¢ hdn hdp xdc dinh, tao thinh vita déo, theo thdi
gian s€& déng rin Jai nhu d4.

Trén hinh 0.3, gigi thiéu bifu db trang thdi hé 3 ciu to
CaO -ALO; -Si0,, cdc viing hop thinh cia cdc sin phim siticat quan
trong, tao thinh cdc loai chit két dinh khdc nhau.

C4c chit k€t dinh dudc phén loai theo tinh chat déng rin clia ching:
¢ Chit k&t dinh khéng bén nude: LA loai chit k&t dinh ma sin
phdm déng rfn clta né chi bén trong méi truding khdng khi, ngugce lai sin
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phdim déng rin s& bi phd hily trong nudc, vi du nhu: voi, thach cao xay
dung, chi't k€t dinh manhezi...

+ Chat két dinh bén nude: La loai chat k&t dinh ma sdn phim
déng rin cha n6 khéng chi bén trong mdi trudng khdng khi, m2 bén ngay
ca trong nudc nhu: voi thly, xi ming portland (XMP), xi ming alumin...

Xi mang xi
“Ximang La M3

Ca® 90 80 70 60 50 40 30 20 % AG

Trong lugng
Hinh 0.3: Vi tri cdc chdt k&t dinh trén bi€u db hé Ca0 - ALO; - Si0, cha
RANKIN
Bang 0.3 : Téng hop phin loai céc chit k&t dinh
Cha't k&t dinh bén nude
Chilt k€1 dinh | Nung khong két Nung k&t khsi Nung
khéng bén nudc khdi chiy
- Voi - Vi thidy - Ximing portland Ximing
- Thach cao xdy| - Voi xi - XMP-puzoland -alumin
dyng - Voi puzoland | - XMP-x
- Anhydrit - Xi ming la | - Ximang bén sunfat
- Chdt két dinh | ma - Ximiing giin nd
Manhezi - Ximdng d6ng rin nhanh
- Xi méng trang tri
Céac loal XM dic biét

Trong tai liéu ndy chiing ta chi ¢6 thé dé cip d&€n mot s§ chi't két
dinh ¢d bdn vi thong dung nhil.
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Phin 1
CAC CHAT KET DINH BEN TRONG KHONG KHI
Chuong 1
VvOI XAY DUNG

1.1- PHAN LOAI VOI
Vi dude phin loai theo cdc phudng thic sau :
1.1.1 - Phén loai theo hinh dang v6i:
- V&i cuc chua (61
— V&1 bdt chira toi
- Voitdi thanh bt
~  Sifa voi: him lugng Ca(OH),; va Mg(OH); chi€m 45-50%.
1.1.2 - Phin loai theo ham lugng tap chit ¢é trong voi.
~  Vo6ibéo: ham lugng ap chit < 5%.
- Voi gdy : ham lugng tap chit > 5%.
1.1.3 - Phiin loai theo thai gian 161 v0i ¢
- V§i 161 nhanh: thdi gian 13i = 10 phit,
- Vi tdi trung binh: théi gian 6t < 30 phat.
- Voi t6i chim: thai gian 181 > 30 phit.
1.2 -NGUYEN LIEU
V6i 12 chdt k&t dinh bén trong khong khi vit 1 sdn phim nung cla
dd voi.
Nguyén lidu dé sin xudt vbi 13 cdc loai dd voi thi€n nhién (gidu

khodng CaCO;) nhu dd phin, d4 vdi.. Thong thudng dung dd voi dac
chfc. Thianh phin CaCO; theo Iy thuy&l: CaO = 56%; CO; = 44%.

P voi thign nhién thudng 1in mot ham lugng MgCO; va cdc tap
chit sét: Si0,, A0, Fe,05... Tiy thudc vio tinh chit khodng, CaCO;s ton
tai trong tf nhién dudi nhiéu dang khic nhau :

- Calcit va aragonit: tdn tai dudi dang khodng, do tinh khi&t cao.
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- P4 v6i, d4 mergel, d4 phin: 16n tai & dang d4, cd thé 1in mot s&
tap chit. P4 vOi thién nhién cé thé xuil phat tir ngudn géc vé cd (do hién
tugng phin xuit, hay qud trinh tram tich ling dong céia CaCQ;), hoic
ngudn géc hitu cd (nhu san hd, vé 50, vd hén ...

Dya vao thanh phan héa hoc cé thé phﬁn loai dd v&i thanh nhitng
loai sau:

Bang 1.1: Phan loai d4 v6i theo thanh phdn héa hoc

Thanh phin héa hoc LoaiA |LoaiB | l.oaiC | LoaiD

CaC0O: % > 93 90 85 72
MgCO; % < 4 7 7 8
Tap chit sét % < 3 3 8 20

Tuy theo loai dd v6i s& dung, s& sin xuidt dudc cdc loai v6i cé chit
hugng khic nhau.

1.3 - QUA TRINH NUNG vOI

Thyc chét clia qué trinh nung voi 12 sy phin hily nhiét cia CaCOs,
xdy ra theo phdn ing:

CaCOs & Ca0+COx-Q

Theo 1y thuy€t, lugng CO; thodt ra = 44%. Enthalpy cla phdn tng 12
+ 396 cal/g hay 39,7 kcal/mol (8 900°C). & 895°C, 4p sudt phan hily cla
CO;, wong tng latm; nhiét d6 nay 12 nhiét d6 t8i thifu d€ CaCO; bat diu
phan hiy. Trong thuc t&€ nhiét d nung dd vbi phdi cao hon mdi dat dugc
td¢ dé phin hiy ién.

Su phin hhy nhiét cla dd véi phy thudc vio nhiéu y&u t8:
o Tdc d) phan hiy d4 véi phu thude vio nhi¢t @6 nung (hinh 1.1)

Tit hinh 1.1 cho thiy nhiét d6 nung cing ting, tdc dé phin hiy d4
véi cing manh:

3 900°C t8c a6 phan hity 0,3 cm/h
3 1100°C t8c d6 phén hiy 1,4 cm/h
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Nhiét dd aung "C
Hinh 1.1: T6c d& phin hiiy dd voi phu thude vio nhiét db nung
e Tdc dj phan hiy d4 voi phu thuie vao kich thude da voi (hinh 1.2)

Tir hinh 1.2 cho thiy kich thudc dd v6i cing 16n, thdi gian phin hiiy
cing 1du va nhiét d& nung cing cao, cho d&n khi dd v6i phin hiy hoian
todn. Vi téc do phan hily cang di siu vao trong long cyc dd voi cdng gram,
do trg fyc truyén nhiét ting (i ngodi vao trong vi sy khuéch tin CO, gidm
tir trong ra ngodi. Vi vdy, nén chon kich thude da hgp 1y, d€ bdo dim nhiét
dd nung thich hgp trong pham vi 1000 - 1150°C. N&u nhiét d& nung qud
thip, thoi gian nung kéo dai, dd v6i phin hdy chua hodn toan {nung non).

[cm 1Hrg
1200°C (i8¢ 10805 [V LUK
M

L v/ A J
ViaARyd
N {// / |
W/
N/ L

] 5 n 1% b hi} 3l 1% U

Thisi gian aung {hj

Kich thude da vi

Hinh 1.2: Thai gian phiin hiy dd v0i phu thudc vio kich thude dd va nhiét
dd nung



Khi vdi non Ida, bén trong cuc vdi nung s€ cdon mit phin da voi
chua chuy€n héa thanh voi, khi tdi, voi sé kém déo. Ngudc lai, néu nhiét
dd nung qui cao, vdi sau khi nung s& qua gia 1¥a (goi 1a vdi ch€y). Khi
diing trong k&t cdu, hat v6i nay s& hit 4m tao thinh Ca(OH),, ting thé tich
phin tr 1Am két cAu bi nit né... Nhifng hién tugng trén, déu din dén lam
giam chdt lugng voi nung.

Theo 1y thuyét, nhiét tiéu 6n dé€ nung CaCO; = Ca0: Q = 760
kcal/kgCaQ. Trén thyc 1€ lugng nhiét tidu 1&n 19n hon nhiéu, do:

- Sy ton thdt nhiét qua voi nung khi ra 1d.

Tén thit theo khi thai.

Tén thit theo CO.
- Tén thit qua tdng 10 nung.

Mit khdc, iugng nhiét tiéu t6n cdn thy thude vio loai 10 nung sif
dung: 10 day, 15 vong, 10 ding, 10 quay...

¢ Tdc do phin hily d4 véi phu thudc vao ap sudt (hinh 1.3)

[, ImmHg]|

L&OG

e B o R—— Y
760 !

\

K }] T a00 W) 950
Whict 36 ¢ 895

Hinh 1.3: M&i quan hé giifa nhi&t dd nung va 4p suft
Goi Peoy : dp sudt riéng phan CO;trong khi quyén
Peoa : 4p sudt phin ly CO; trong d4 voi
Phan dng phin hiy CaCO; xdy ra trong cdc trudng hdp sau:

- Pcoa< peo: : phin iing x3y ra theo chiéu thudn



CﬂC03 = Ca0 + COg

- Pco2 = Peoa: phédn iing cin bing, nhiet do ng vdi lic d6 1a nhiét
dd phan ly CaCO,.

- Peo2> peox: phdn tng xdy ra theo chidu nghich.

( nhiét d6 895°C d4 v6i méi bit diu phin hily, twong éng dp sudt
I atm (760 mmHg).

1.4 - LO NUNG vOI

Bd voi duge nung thanh véi trong cdc loai lo: 1d diy, 1 vong, 1o
ding, I6 quay...

Vi€c nung voi trong 10 diy, 15 vong 1am viéc theo phudng thire thi
cong, ndng sudt thip chit lugng sin phim kém, t8n that nhiét 16n, nhién
li¢u tidu ton chi€m 50-70% theo sin phim. Trén cd s& nhiét k¥ thuat,
thich hdp nhat 1a nung véi trong 16 ditng. Mat khdc, n€u nhu cu voi nung
180, y&u ciu chit lugng voi tot, nung voi trong 10 quay dat dugc higu qua
kinh t& ky thuat t&t hon.

1.4.1 - Lo ding nung véi.

&

jﬂ

= o

;i

10— L
17 ;
-

T8l

3

Hinh 1.4: Lo ditng nung voi

I- Bunke chita d4 v6i va than; 2-Thing dinh lugng; 3- Dia quay vdi thing cin;
4- Toi kéo; 5- Gian thang mdy; 6- Xe 13i; 7- Thing tiép liéu: 8- Con trugit nap
ligw; 9- Thdo liéu kifu dia quay: 10- Két chita voi nung; 11- Cira thdo v6i nung,
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Khi v0i non lia, bén trong cuc vdi nung sé& cdn mdt phan dd voi
chura chuyén héa thanh voi, khi i, v6i s¢ kém déo. Ngude lai, néu nhiét
dd nung qud cac, voi sau khi nung s& qud gia 1ia (goi 1a voi chér). Khi
diing trong k&t ¢4, hat v6i nay s& hit 4m tao thanh Ca(OH),, tang thé tich
phén tif 1am k&t cAu bi nift né... Nhitng hién trgng trén, déu din dé€n lam
gidm chit lugng voi nung.

Theo 1y thuyét, nhiét tiéu n dé€ nung CaCO; = CaO: Q = 760
kcal/kgCaO. Trén thyc t&€ lugng nhiét tiéu 16n 1én hon nhidu, do:

- Su 16n that nhiét qua véi nung khi ra 1o.
- T&n thit theo khi thii.

- Tén thit theo CO.

- Tén that qua wdng 16 nung.

Mit khdc, lugng nhiét tiéu (8n con tay thudc vio loai 10 nung sif
dung: 16 diy, 10 vong, 1& difng, 15 quay...

e Tdé'c dd phan hiy d4 véi pbu thuge viro Ap sufit (hinh 1.3)

B, fmmHg]
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NlE( do °C 895
Hinh 1.3: M6i quan hé giifa nhiét dd nung va 4p sufit
Goi Peoy @ 4p sudt riéng phin CO;trong khi quyén
Pcoz : dp suat phin ly CO; trong da voi
Phan d¢ng phin hiy CaCQO; xdy ra trong cdc trudng hgp sau:

- Pcoz< pco: : phdn ing xdy ra theo chidu thuin



[.o ditng nung v6i Jam viée lién tye hay bdn lién tuc, ¢6 kha nang cg
khi hod va ty dong hod cao. Nhién ligu sit dung c6 th€ 1a nhién lidu rin,
nhién li€u 16ng hay nhién liéu khi. Phd bi€n nhat 13 nhién liév rin.

Sd d6 cdu tao 10 ding nung voi d&t nhién li€u rén (hinh 1.4). C&u
tao 15 1a mét 6ng thép hinh tru rdng thing ditng, trong ¢6 xiy gach chiu
Ira (thuding 13 gach samét), Thy thude vio ning sudt clia 18, ma ¢6 kich
thude tudng ing. Budng kinh Jam viéc ctta 160 D = 2 - 6m, chiéu cao sif
dung L =12 - 24m. Thudng t 1¢ D/H = 1/5 -1/6. Qud trinh nap liéu vi thdo
lieu dudc cd khi hod va tr dong hod hodn todn. Lugng nhién lidu tieu 18n
riéng: 1.100 -1.400 kcal/kgCaO.

1.4.2 - L6 quay nung vii

Trong sdn xuat khi yéu cilu sdn lugng vbi nung Idn, chit luong vai
t3t, ¢6 thé st dung 16 quay nung vdi. Lo quay nung v6i tuong t nhu 1o
quay nung clinke xi-ming portland.

Hinh 1.5: Ld quay nung voi

[- Tiép lidu {dd voi), ‘Z-Kél chifa dd v61; 3-Hut khit byi; 4-Thdp gia nhiét, 5-Bo
phin hot khi thdi: 6- Ong khéi ; 7-Voi phun; 8-Thip lam lanh; 9-Pudng din khi
lanh vio 1&; 10-HGUkh buis1 [-Vin chuyén voi nung,

Cdu tao 1 12 mdt Sng kim loai hinh try rbng, dit nghiéng mot goc
3-5° trong xdy gach chiu 1&a, thudng 13 gach samét. Tuy nhién, phai tinh
todn chiéu dai 1 thich hgp, bdo ddm d4 véi phin bS déu din rong dong
khi chdy ciia 1d. N&u 10 ¢6 thi€t bi gia nhiét, chiu dai 16 ¢6 thé gidm 50%.
Voi nung sau khi ra 1o duge qua thi€t bi 1dm lanh (hinh 1.5),

Qud winh nung vdi cdn khdng ché cdc thong 56 ki thuit sau:
- CAutaoId

- Kich thudc hat dd vdi tir 4 - 65mm,



- Bd v6i c6 thanh phin hod va thanh phin hat cang déng nhat, chat
lugng v&i nung cang o1

BE€ bdo dim qud tinh nung véi dat hiéu qha 151, phai chon hé s§
khong khi dv a=1,1. Tuy theo mifc d§ y&u ciu clia v4i nung, cAn khéng ché
chi¢u dai ngon lira thich hop. Ty thudc 56 vong quay ctia 15, cAn cung cip
nguyén li¢u vao 19, thdo voi qua thiét bi tam lanh mot cdch lign tuc déu
dan.

1.4.3 - So sanh giita 10 ddng va 10 quay nung voi

- Nhiét tiéu t8n riéng cho 10 quay cao hdn so véi 1d ding nung voi.
Hi€u qud si dyng nhigt trong 10 quay = 0,6, cdn treng 15 ding = 0,7.

- Ning suit v6i nung trong & quay cao hon 2-3 1dn so véi 1 difng
nung vOi. Nang sudt tinh theo thé tich 10: 1 ditng nung v6i dat niing sudt
0,4- 0,8T/m*.ngay. Ld quay nung voi dat ning suit > 2T/m’ngay.

- Dién ndng ti€u On riéng, d8i vdi 10 difng: 3-8kwh/TCaO nung,
cdn d8i v6i 1d quay: 14-40kwh/TCaO nung.

- Tuy 15 quay dat ning sudt cao, nhung v&n diu tr cho thidt bi co
khi héa cao hdn so vdi 1o dirng.

- Nung vdi trong 10 quay, ¢ thé khdng ché cic théng s6 k¥ thuit
hgp 1y va thudn lgi hon, so v8i nung v4i trong 1d ditng, vi viy chilt lugng
v6i nung bao ddm tt hon.

Tom lai, tuy nung voi trong 19 quay nhiét tiéu t&n riéng 1dn, vén ddu
tu 16n hon, nhung cho phép dat ning sudt cao va chdl lugng véi nung (6t
han so véi nung véi trong 10 ding.

1.5 - TINH CHAT CUA VOI NUNG

Nhu dd bi€t, t6n th't trong lugng cia voi nung theo 1y thuy&t = 44%,
tuy vdy voi sau khi nung thé tich giam rat it (12-16%), so v&i d4 v6i ban
dau. Dicu d6 n6i 1én voi sau khi nung c6 do x8p cao va bé mat riéng 1n,
do d6 rdt thudn 1di cho qud trinh t3i voi tiép theo.

& nhiét dd nung cao hay thdi gian nung qud 1au, CaO ¢6 hién tugng
tdi k&t tinh tip hop, kich thuge hat vbi 16n, hodic ¢6 hién tugng k&t khdi
(do phin Ung v8i cdc hgp chilt sét lAn vio nhir: Si0,, ALO;, Fe,0;), din
dén do x6p cla vdi gidm, tir d6 ngin cdn nuGc xim nhip vio bén trong
cuc vOi trong qud trinh tdi, din d&€n khd niing 18i clia v6i gidm. Hién tugng
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k&t khdi cla voi nung bt ddu = 1150°C, vi th€ néi chung khéng nén nung
qud nhiét dd trén.

Theo HENNING [3], dnh hudng clia nhi¢t d6 nung, dén kich thirde
tinh thé ctia CaO khi nung nhu sau:
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Hinh 1.6: Anh hudng ciia nhiét d6 nung dén kich thudc tinh thé ciia Ca0

khi nung

a) < 900°C: dd v6i bdt diu phan huy; b) 900°C: kich thudc tinh 1thé CaO = 0,1y
¢) 1000 “°C: kich thudce tinh thé CaO= 1 pm; d) 1.100C; CaO bi( ddu k&l tinh tap
hgp

Qua hinh trén cho thdy: Nhiét do nung vdi cang ting, din d&n bé
mat riéng va d§ x3p clia voi gidm manh. Trong khi d6 khdi Iudng riéng va
kich thu@c hat clia v8i nung ting 1&n rd rét; ngoai ra & khodng 1150°C, ing
vdi hat o6 kich thudc [ 1um va ng vdi khdi lugng rigng khodng 2,5 g/icm’,
vdi nung bit ddu k&t khoi. Trén bang 1.2, ciing chi 6 sy khdc nhau vé
khoi lugng riéng, do xOp, bé mat ridéng vA trang thdi phAn dng cud 3 mic
d6 nung khdc nhau: nung non tfa, nung trung binh vi nung gia Ira.
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Hinh 1.7 : M&i lién hé giirta nhiét d6 nung, 4§ xSp, bé mit riéng, khéi
tugng ri€éng ¥ va kich thude hat clia vai nung [4).
1-B x8p; 2-BE mat riéng; 3-Khéi lugng riéng: 4-Pham vi k&t tinh cda hat; 5-B3
18n trung binh clia hat, 6-Bit ddu k&t khéi,
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Bang 1.2: Tinh chat cud v6i nung ng v6i cdc mic dd nung khic
nhau

Bai ugng dic trung | Nung non Ira | Nung trung binh | Nung gia tira
Khé&i lugng riéng [glem’]]  0,5+1,8 1,8+2,2 2,2
Téng 46 x8p (%] 46+55 34+46 <34
Bé mitrieng  [m%g) > 1,0 0,3+1,0 <03
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8 iy 1w 511 oH & 1 1 1 + 5 5
Nhiét 46 nung Tod gian oung [w]
Hinh 1.8: Anh hudng cia nhiét Hinh 1.9: Anh hudng cda
d6 nung dén do déo cha voi 16i thdi gian nung dén dd déo
{t =3 gi®) cha voi t6i T = 1093

Cdc hinh 1.8 va 1.9, néu 1&n m&i lién hé giiva nhi&t d6 nung, thdi
gian nung, va 4% déo cta vdi tdi. Qua cdc hinh trén cho thdy, mudn voi
nung bdo ddm chét lugng 161, cdn phai bio dim:

- Nhiét dd nung t8i vu 1100°C

- Thdi gian nung &1 wu 4h,

- Kich thudc cuc d4 v6i 10 - 20cm
1.6 - TO1 vOI

Khic vdi cdc chit k&t dinh khic, v8i nung ¢6 thé tao thanh bét/,
khong chi bing cdch nghién, ma cdn c6 thé bing cich t6i. Khi 16, dudi tdc
dung clia nudc, v6i sé bi hydrat héa tao thanh Ca(OH),, & dang bt, bdt
nhdo hay sita vdi. Qud trinh ndy goi 12 qud trinh ti vHi.

Ca0 + H;0 ® Ca(OH); +Q
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Phdn &ng tdi voi 1A phin dng thuidn nghich, ddng thdi qui trinh tao
Ca(OH), kem theo sy t6a nhiét manh. Lugng nhiét 1da ra khi 161 voi tudng
iing Q = 15,6 kcal/molCa0, hay 277kcal’/kgCaO (1160kj’kgCaQ). Su 1da
nhiét manh trong qud trinh 41 v61, déu din d&n lam néng khoi vita voi, cé
khi ting dén 400°C. Nhu viy d€ duy t phdn dng theo chiéu thuin cin
phdi gidm nhiét dé tbi voi.

1.6.1 - Nhitng sidn phiam thu dugc clia qua trinh t6i voi

+ Voi bat: Khi t8i, n€u lugng nude chi vira dfi, san phim thu dugc 1a
100% Ca(OH), & dang bot min, trong thuc 1€ do lugng nude bay hdi di
nhidu nén lugng nude d€ tao thinh voi Bét 1a ~70%. Hodc do voi sdng ty
hiit 4m trong khong khi, sé td thanh bdt min. Vi bot dude st dung nhiéu
trong v hoc va ndng nghiép. Khoi hugng riéng voi bdt v, = 2,1 g/lem’, khdi
lugng thé tich y, = 0,4-0,5 glem’.

+ V6i bot nhiie: La sdn phdm thu dudc khi 18i v6i cho lugng nudc tic
dung nhiéu hon, hdn hdp thu dugc gdm 50% Ca(OH),;, 50% H,0, & dang
bdt déo. Véi bot nhio dudge sit dung nhi€u trong xdy dung, dudi dang vira
xay hay vira trit. Khéi luong thé tich yo = 1,2 -1,4 g/em”.

+ Sita v6i: Li sdn phim thu duge khi 167 voi cho lugng nude nhiéu hon
nita, véi ¢ dang dung dich huyén phi, diing quét tudng, quét trin nhi. N&u
v8i ¢ hoat tinh cao, trung binh 1kg CaO s& thu dugce 5 lit sira vOi.

1.,6.2 - Cde y&u td 4nh hudng dén qua trinh t8i voi

o Anhbudng ciia nhiét 40 mbi truing tdi voi.

Khi t6i vbi, Ca(OH), tao thinh & dang keo (gel}, it tan trong nudc,
d6 hoa tan cua Ca(OH), cing gidm, khi nhiét d6 cing ting. Nhiét dd moi
trudng cing cao, tde do 10i voi cing gidm (bdng 1.3).

Bang 1.3: Bo hod tan cia'CaQ vi-Ca(OH), phu thude vao nhiét do
clia moi trudng { g/100g dung dich bio hda)

Nhist d6 (°C) | CaQ | CatOH), | Nhidids ('Cy| Ca0 | Ca(OH),
0 0,104 | 0.185 60 0,088 | 0.116
10 0.133 | 0,176 70 0079 | 0,104
20 0.125 | 0,165 80 0,070 | 0,092
30 0116 | 0,153 90 0,061 | 0,081
40 0,106 | 0,140 100 0,054 | 0071
50 0097 | 0.128 (90 i 0.020
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Pé& tang nhanh t8c dé 18i voi, cin phdi gidm nhiét do méi truding 16
voi; ciing ¢6 th€ ting nhanh tdc do (67 vai, bing cich khudy, nhim muc
dich phd v& mang keo Ca(OH), trén bé mit cdc hat véi, tao diéu kién cho
nuée xam nhip siu vao bén trong hat vdi, d€ ting nhanh qud trinh hydrat
héa, Ngodi ra, ciing ¢6 thé€ cho thém cdc mudi clorua (CaCly, MgCly), cé
tic dung 1am tdng nhanh qud trinh hda tan cia Ca(OH),, din dé&n ting
nhanh t8¢ do i voi.

e Anh hudng nhifng thanh phin héa hoe cfia voi:

V0i cang nguyén chat, t8¢ d6 t6i voi cang nhanh, sin phim t6i cing
min, déo. Ngudc lai, trong dd vdi ¢6 14n nhidu tap chil nhy Si0,, ALO;,
Fe;Qs, trong qua trinh nung cdc oxyt nay k&t hdp vdi CaO tao thianh cic
stlicat-, aluminat-, feritcalci. Nhitng hdp chit nay khong 161 duge. Vi viy,
tam gidm t3c do di voi. Vbi chita CaO < 75%, voi khéng tdi dudgc.

o Anh hudng cda nhiét d§ nung voi:

P4 voi nung & nhiét d6 binh thudng (900 -1000°C), véi chin déu, k&l
tinh & dang tinh th€ nhé. Qud trinh hydrat héa ti€n hanh d& dang, do d6 tde
dd ti voi xdy ra nhanh. Ngugc lai dd voi nung qud lita (> 1150°C), thirdng
goi 1a “voi ch€t ', cdc tinh thé vdi lién két lai thanh khdi tinh thé, d sit
dic cao, 1am cho nudc khé xdm nhip vdo bén trong hat voi, do d6 qud
trinh t6i xdy ra rit khé khin va voi t6i khéng hoan toin.

1.7 - QUA TRINH PONG RAN VA TINH CHAT CUA VOI HYDRAT

Qud trinh déng rdn clia v6i hydrat, cd bin 12 do sif ti€p nhin CO,
trong khdng khi clia Ca(OH); tao thinh CaCO,. Nhitng carbonat nay din
din k&t tinh thinh tinh thé, 1ao cho sdn phim déng rin c6 cudng dg:

Ca(OH)g + C02 - CEI.CO; + H20 + Q

Phdn (ng carbonat héa cla vdi hydrat, kém theo hién tgng tda
nhi¢t manh. Lugng nhiét tda ra Q = 20 kcal/molCa(OH)s, nhung vi phan
iing xdy ra rdt chim, nén hiu nhi ta khong cam thiy lugng nhiét t3a ra.

Qud trinh déng rin cla v6i hydrat, ciing k&m theo hién tugng tich
nude ra be mat sdn pham. Vo1 hydrat déng rin rat chim vi:

- Nong d6 CO, trong khdng khi rit nhd, lugng CO, chi chi€m
= 0,03% thé tich khong khi.
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- Trén bé mit cla v6i hydrat thuding bi phi mot [8p carbonat két
tinh, ng&n can sy xim nhip CO, trong khang khi vao bén trong ciu tric va
can lyong nudc tit bén trong thodt ra ngoai.

Do d6, d€ ting nhanh qué trinh déng rin ¢An chy y:
- Lam kho bé mit sdn pham.

- Tao di€u kién cho CO, trong khdng khi xim nhdp sdu vio bén
rong.

- Tang nbng dd khi CO, trong méi trudng déng rin.

Qud trinh déng rin cha vdi hydrat ¢6 hién wong co thé tich manh,
giy nén nit né sén phim. B khic phuc hién tudng trén, ngudi ta pha c4t
vio voi. Cat ¢6 tic dung:

- Tédng cudng d§ cla voi hydrat trong qué trinh déng rdn, do cdt tao
cho sdn phdm nhiéu 18 x8p. Tao diéu kién cho CO, trong khdng khi d& xam
nhip vao cdu triic clia virta voi; cling nhy nudc bén trong d& ding thoit ra
ngodi, IAm ting nhanh qud trinh déng rin clia voi hydrat.

- Ngoaira, cdt cdn ¢6 tic dung chéng co ngét cho vira véi.

Ngudi ta con diing mét, hay nhirng hgp chat hitu ¢d dé phin hdy,
pha vdo vira v6i dé 1am ting ham ludng CO;, gitip cho qud trinh carbonat
héa t8t han; hodc cling ¢6 (hé cho thém CaCO; 1am nhin k& tinh, thic
diy qud trinh déng r{n va ting cudng do sin phim.

Vita v6i chi d6ng rdn rong khdng khi, né khdng thé déng rin trong
nude nhy cdc chit k€t dinh bén nude khdc. Vi trong nudc Ca(OH), khong
k€t tinh ma hoa tan. Ngodi ra lugng CO, trong nudc rit it, khéng di dé
carbonat héa ti€n hanh déng rin. Vi vy ngudi ta thudng goi 13 voi khong
khi, hay chit k&t dinh bén trong méi trudng khdng khi.

Vita v6i déng rdn cho cuding do rit thap. Thi nghiém khéi vira voi:
cdttheo ti 1§ 1:3 wong 1tng, sau 28 ngdy bdo dudng trong khdng khi, cudng
d6 chiu nén chi dat R,= 6 kG/em? v cudng do chiu kéo R, = 2 kG/cm?,
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Chuong 2
THACH CAO XAY DUNG

Thach ¢ao xdy dung 13 sin phdm dudc ché tao bing cdch nung dd
thach cao, cho d&€n khi tich mot phin nude -CaS040.5H,0, hoic mi't nudc
hodn todn -CaSO, (anhydrit). Sau khi nghién min, chiing ¢4 kha ning lién
két lai v6i nude tao thanh CaS0O,.2H,0, 1ao cho sdn phim déng rin c6
cudng do.

2.1 - PHAN LOAI THACH CAO XAY DUNG

Thach cao xiy dung 1 sdn phdm nung cla d4 thach cao cho d&n khi
tich nudc mdt phﬁn hoac tich nude hodn toan, cling ¢o thé 14 cdc anhydrit
thién nhién.

Thach cao xiy dung dude phiin thinh cdc loai sau:
2.1.1 - Thach cao ban hydrat (CaS0..0,5H,0)

+ Thach cao xiy trdt: dugc ché€ tao biing cdch nung d4 thach cao,
thanh thach cao bdn hydrat CaS0,.0,5H,0. Loai thach cao niy dugc su
dung d€ lam vita xdy trét, ciing nhy dbng 1am khudn trong cdng nghiép
gém sit.

+ Thach cao diic wgng: cling duge ché tao theo phuong thic tudng
tr, nhung tl¥ nguyén lidu 1A dd thach cao tinh khiét,

2.1.2 - Thach cao khan nudc (CaS0y):

+ Thach cao nung nhiét d9 cao (thach cao Estrich): dugc ch€ tao tif
d4 thach cao, nhung nung & nhiét do cac (d&€n 1200°C), cho d€n khi tich
nudc hoin todn. Thanh phin héa hoc cla né ngoai CaSO,, cdn chita mot
lugng CaO tw do. Anhydrit thién nhién ciing thudc loai sin phdm nay.
Thach cao Estrich khi déng rin, cho cing d6 cao hon thach cao
CaS0,..0,5H,0; duge sit dung d€ ldng nén, hoic xay trit § nhitng chd dic
biét.

+ Thach cao cudng d6 cao (thach cao Marmor, hay cAm thach nhin
tao): duge ché€ tao bing cdch nung dd thach cao, thanh thach cao
CaS0,.0,5H,0. Sau dé ngim trong dung dich mudi sunfat vd dugc nung g
lai cho d&€n khi tich nudc hodn toin. Loai thach cao nay ding dé€ miét
mach cdc tim tudng, cling nhir d€ 8 trdt nhirng ndi cdn db ciing cao.
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2.2 - QUA TRINH BIEN POI HOA LY KHI NUNG THACH CAQ

Thach cao khi nung néng tir 125 —180°C chuyé€n thanh thach cao ban
hydrat CaS0,.0,5H,0. Khodng nhiét do 180°C bdi ddu chuyén thanh
anhydrit III,

Thach cao bdn hydrat CaS0,.0,5H,0 tén tai dudi hai dang thl hinh:
o-CaS0,.0,5H,0 va 3-CasS0,.0,5H,0

¢ Dang a-CaS0,.0,5H,0 dudge tao thianh, khi nung néng thach cao
trong khong khi bio hda hoi nude & 160 ~180°C, k€1 tinh dang tinh thé 16n,
Khi déng rin cin lugng nudc tiéu chudn thip (40-45%), dat cudng dé cao
sau 7 ngay hydrat héa (15-40MPa).

* Dang B-CaS0,.0,5H,0 nguge lai, dudc tao thinh khi nung néng
thach cao rong khéng khi kho, k&t tinh dang tinh th€ hat min. Khi déng
rin cin lchlng nudc tiéu chuin 16n (60-65%), nén khi nwudc bay hdi tao
thanh 16 rbng v6i dd rdng 40%, dat cudng do thip.

* Anhydrit IIl dugc tao thanh khi nung CaS0,.0,5H;0 mit nudc tiép,
trong khodng nhiét do «r 180 —240°C; nhung trong khdéng khi 4m né dé&
ding chuyén r§ vé dang CaS0,.0,5H,0.

¢ Anhydrit II dugc tao thanh tr thach cao, hodc bdn hydrat
CaS0,.0,5H,0 hay anhydrit I1I, khi nung néng & 320 - 480°C.

e Anhydrit I chi 8n dinh & nhiét d6 trén 1193°C.

Dya vao d6 hda tan cla cdc hgp chit phy thude vao nhiét dd, cho
phép dénh gid pham vi 8n dinh v di€m chuy&n d8i cdc pha ciia hé. Theo
nhiét dong héa hoc cho thdy mdi dang thit hinh chi 8n dinh & nhiét dé xdc
dinh, ¢6 d6 hda tan nhd nhdt. Trén hinh 1.10, mé 3 diém cit cla cic
dudng cong g trang thdi cdn biing, cta 2 dang thi hinh ¢6 dd hoa tan bing
nhau. O 42°C 1a diém chuyén d&i tir dlhydrat (thach cao) sang anhydrit II
(hay anhydrit thién nhién) va ngugc lat. 3 97°C 12 diém chuyén d8i tr
dihydrat sang thach cao bdn hydrat v nguge lai. B8i v8i qué trinh nung
thach cao k¥ thudt nén hi€u ring: & 97°C d4 thach cao mdi bit diu
dehydrat héa. Vi vay, trong thuc t& sidn xudt nén chon nhiét do nuRg cao
hon, nhiim rit ngdn thdsi gian phan tng.
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Hinh 1.10 : Sy hoa tan cla dihydrat, ban hydrat va anhydrit trong nudc [5]
1- B-Bdn hydrat, B-Anhydrit III; 2- o-Ban hydral, a-Anhydrit III;
3- Dihydrat. 4- Anhydrit II,

S dehydrat héa cla thach cao: khi ting nhiét d) s¢ ndng cao dp
sudt hdi nude trong sin pham nung. Su tdch phin (& nudc tir dihydrat din
dén 1am bi€n déi mang lGi tinh thé cha chung, I tinh thé dang don ta
sang dang khéi mit thoi d&i xing.
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Nhiét do

Hinh 1.11: So d8 su bi&n d6i pha clia thach cao khi ting nhiét do theo
ZOLLINGER [6]

Trong thuc 1€, pham vi nhiét d6 cda suf chuyén d8i pha thach cao khi
ting nhi€t do cé th€ khio sdt trén hinh 1.11. Pham vi nhiét d6 da cho trén
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sd d6 chi 1a gid tri phdng dodn cha thuc t&. Su bién déi tir muc d6 dehydrat
héa nay sang mifc do dehydrat héa khic xdy ra ur tir; nghia 1 & mot pham
vi nhiét 4§ xdc dinh ¢6 thé 1dn tai nhiéu pha déng thai.

2.3 - CONG NGHE SAN XUA'T THACH CAO XAY DUNG
2.3.1 - Chuéin bj nguyén lig¢u

Thach cao khi khai thdc thudng ¢d 1in cdc tap chit nhu dd voi,
dolomit, cdt hay cdc sunfat khdc. Vi viy ¢iin phii loai bd tap chat. Nhung
phin 18n cdc md thach cao ¢6 d6 sach 16t. Trude hét da thach cao cin phaj
dip nhd bing may dap ham hay dap nén, dat kich thude véu cu:

* Sdn xufl thach cao khan nudce, nung trong 10 tuynen, ¢6 thé dap
nhd dén kichthude 100 -200mm,

e Sin xudt thach cao bin hydrat CaS0,.0,5H,0, theo phuong phap
10 quay, kich thudc hat cin dat 10 -20mm.

» Néu ché bi&n thach cao xay dung trong “ndi ndu™, ¢in phéi tiép
tuc ddp nhd biing mdy dip bia d&n kich thudce hat O -~ 2mm.

2.3.2 - Nung thach cao.

Thach cao xiy dung duge sdn xudt 1r dd thach cao. theo phuong
phdp nhi¢t tich nude. Thy theo yéu ciu sdn phim tao thanh mi lya chon
nhi€t dd nung. phuong phdp sdn xuft vd cdu tao 1 thich hop.

2.3.2.1 - Néi nfu thach cao

Sdn xudt thach cao xiy dumg twong ¢ng nhidt dd dudi 200°C, thich
hgp nhit nén chon “ndi ndu” thach cao. “N&i ndu” duge ché tao biing t6Hn
hay gang, c6 ndp diy vd dude dSt néng biing than, diu hay khi dét, ciing
¢6 thé bing dién. D€ sin phim dat do déng nhit va ¢6 chit lugng cao cdn
phdi cé thi&t bi khudy trdn.

“N&s ndu” ¢6 dusng kinh 1,8 — 3m, chiu cao I- 3.6m, dung tich ndi
ndv 1-20 taAn. “N&i ndu” cang 1¢n cho sian phdm chi't lugng cing 181 hon, vi
tao thinh nhiéu @CaS0,.0,5H;0, ciing nhu hiév qui kinh & cao hon
(hinh 1.12).
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Hinh 1.12 : N&i nau thach cao

i- Ong thodt hdi nude; 2 - Ong thodt khi thdi; 3- N&i ndu o6 cdnh khudy:
4 - Budng d6t; 5 Bunke chita thach cao; 6 - Ti€p lidu vit; 7- Bunke chia than;
$ - Van chdn thdo liéu; 9 - Budng G vd lam ngudi; 10 - Vit vin chuy&n sin phim
nung; 11- Cyclon thu hdi bui,
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Thdi gian
Hinh 1.13 : Qud tinh gia nhiét cha ndi ndu thach cao
Trudc tién, ndi duge d6t néng d&n 160°C. Sau khi cho thach cao vio

ndi, nhiét 46 gidm xubng, sau d6 ting 1én 120-130°C, phdn 16n thach cao
chuyén thinh @CaS0,.0,5H,0, goi 12 giai dogn niu thit 1. Tiép theo,



ning nhi¢t do ting 1&n khodng 180°C, nhifng hat thach cao con lai ti€p tuc
phin hily thinh @ CaS0,.0,5H,0 va ciing bdt ddu xui't hién CaSO, 111, goi
13 giai doan ndu thit 2. Sau d6, san phdm dirge thdo vao bdn chia va dude
i trong 1 gid. Qud trinh bi&€n d8i nhiét d6 cta mdt mé ndu, duge bidu thi
trén bi€u dd, thii gian ndv tir 2-3 gid, tdy thube vio dung tich ndi ndu
(hinh 1.13). Quad trinh va thdi gian nfu thach cao trong ndi niu duge thuc
hi€n theo cac giai doan (xem bang 1.4).

Bang 1.4: Su phin bd thdi gian cla cdc giai doan gia nhiét thach
cao trong ndi niu

Trang thdi bdt d4 thach cao
Céc budc clia qué trinh cung cip

Am v nhién | S&Yy sd bd
Nap liéu vio ndi niu [phit] 30 =60 20 +40
N4u thach cao fphuit] 120 + 180 80 +140
Théo sdn phdm nung [phiit] 1+3 1+3
T8ng thdi gian chol mé liéu [phat] 180+ 240 120 +180
Lim lanh [phat] 60 +120 60 +120

2.3.2.2 - Ld quay nung thach cao

Ciing ¢6 thé nung thach cao trong 10 quay, kich thudc chiéu dai 1o
tir 10 — 20m. Nang suat 1d dat 30 + 60 tin/ngdy. Thach cao nung trong Id
quay, yéu cdu kich thudc hat tir 10 - 20mm. Thach cao nung trong 16 quay
tuy dat hiéu qui kinh 1€ cao, vi s&n lugng 1dn; song chat ludng sdn phim
khdng t6t bing nung trong ndi nfu, do ham lugng o .CaSO,.0,5H,0 thip,
ma chil y€ula f.CaS0.0,5H,0. Sy tao thinh & .CaS0,.0,5H,0 chi xuit
hién trong mdi trudng bdo hda hoi nude. Cic dic trung k¥ thuit nung
thach cao trong 10 quay dugc gidi thiéu trén bing 1.5.

Bang 1.5 : Nhigt ¢4 vA thdi gian luu san phim nung trong 1> quay

Baj lugng dic tring Tri 56
Nhiét dd khi chdy trong bubng dét  [°C] 1000+1250
Nhiét d6 khi chdy vao 19 nung [°C] 7501000
Nhiét d6 khi thdi ra khdi 10 nung  [°C} 130+180
Nhiét d6 san phim ra khdi 16 nung  [°C] 130+170
Thdi gian luu san pham nung {h] 0,5+2
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Hinh 1.14: Ld quay nung thach cao

I- Ghi dot;  2- Phéu nap than; 3- Budng d61, 4- Ctra nap licu ; S- Cira chap;
6-Hatto; 7- Sang; 8- Cffa thio sdn phdm: 9- Thdo xi than,

Thach cao saw khi nung, can dude 1 (6 thi€u | iy d6i v6i phuong
phdp ndi ndu, v4i phudng phip 1 quay cin i khodng 2 gid. Sau khi &, sin
phim nung thach cao dugc nghién nhé trong cdc thi€l bi nghién thich hop,
dat 4o min 12+30%, tinh theo lugng con lai trén sing 200 pm (N°02),

2.3.2.3 - Nung thach cao trong néi hip (autoclave)

Dé ting chit lugng sdn phim nung, nguGi ta s dung mdt phudng
phdp mdi 12 nung thach cao trong ndi hip (autoclave).

Thach cao bdn hydrat @ -CaS0,.0,5H,0 chi dugc tao thinh dudi &p
suit clia hoi nudc bdo hoa trong autoclave hay duge ndu trong nudc.
Thach cao nung trong autoclave ham lugng @ -CaS0,.0,5H,0 ¢6 (hé dat
dén 75%.

C6 3 phudng phdp nung trong autoclave khic nhau, dva trén cd sd
loai 18 hgp thi€t bi vd qud trinh thuc hién:

e Phudng phap khé nung trong autoclave, nguyén liéu dang cuc

Phudng phép ndy sif dung loai autoclave dang nim (vdi dudng kinh
2+3m, chi¢u dai 10+ 40 m), nguyén liéu vio & dang cuc to. D4 thach cao
c6 kich thudc d = 60+200mm, dugc chit 1én xe goong diy vio trong
autoclave. Lugng nhiét do hdi nudc cung cip dé si'y duge din vio thi€t bi
qua twdng hay qua h¢ thEng 8ng d6t. Sin phim nung dudc dip thd va
nghién min, dong thdi duge tron thém chat didu chinh thdi gian ninh k&t
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# Phuong phap khé nung trong autoclave, nguyén liéu dang hat
min.

Phuong phip nay lam viéc vgi nguyén liéu viio & dang hat min, ¢6
kich thudc hat 0+3 mm. P4 thach cao di nghién min dugc cho vio
autoclave ¢é thi€t bi khudy, gia nhiét biing hoi nudc, san phim nung tdi
k&t tinh & dang thach cao ¢ .CaSQ,.0,5H,0.

e Phuong phap udt nung trong autoclave, nguyén liéu dang hat
min,

Phuong phdp nay lam viéc cling vdi nguyén liéu vio & dang hat
min. D4 thach cao dudc nghién min ¢6 kich thudc hat 0+3 mm, cho vio
mdt bé khudy, hdn hdp vdi nude, dung dich mudi va héa chat dé diéu
chinh s k&t tinh. Biin thach cao dugce bom vio autoclve ¢é thi€t bi khudy,
dung tich 5+30 m’, dugc d5t néng bén ngoii. Sau khi dat thdi gian phin
\tng, biin & -bdn hydrat duge bom 1én mdt bé khuiy vi tiép tuc di vao
mdy phin ly d€ tich nudc. Ti€p theo dugc chuyén vio mdy siy dé bdc
hé&t hdi 4m cdn lai, sau d6 dude nghién min.

Nhirng dai lugng dic trung cdc phuong phip nung trong autolave
néu trén biang 1.6.

So sdnh gilra cic phuong phdp nung trong autoclave cho phép riit ra
nhitng ddnh gid sau:

- Phuong phdp khd nung trong autoclave, nguyén liéu dang cuc: thdi
gian thuc hién qud trinh 1au, chit lugng sin phim 181, tiéu t6n it mdy méc
thiét bi.

- Phudng phdp khd nung trong autoclave, nguyén liéu dang hat min:
thdi gian thuc hién qué trinh trung binh, chit lugng sin phim (1, tiéu tn
mdy méc thiét bi trung binh.

- Phuong phiap u6t nung trong autoclave, nguyén liéu dang hat min:
thdi gian thuc hién qud trinh ngdn, chit lugng sin pham rdt 8L, tidw 8n
nhiéu mdy méc thiét bi.
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Bing 1.6 : So sinh gitfa cdc phudng phdp nung trong autoclave

Dai ltgng dic trimg Tri s

Phudng phdp khé trong autoclave, nguyén liéu dang
cuc

Thoi gian phun hoi nude cho 1 mé  [h] 4+8

Thdi gian sy [h] 20 + 26
Thai gian 1am lanh fh] 3+4
Ap suft hai mrde [atm] 4+6
Nhiét d6 hdi nudc [’C) 143 + 160
Nhiét 46 sdy [°c] 160 + 80

Phudng phdp khé trong autoclave, nguyén li¢u dang
hat min

Thdi gian d6t néng sd b [h] I +2
Thai gian phun hdi nude cho 1 mé [h] 4+5
Thai gian sdy [h] 4+5
Thai gian 1am lanh [h] 3+4
Ap sudt hoi nude [atm] 3+4
Nhiét dd hdi nudc [°C] 130 + 145
Nhiét do siy [°C 145+ 125
Phuang phédp vt trong autoclave, nguyén ligu dang

hat min

Thai gian d6t néng s¢ bd (h] {22
Thdi gian ndu trong nudc [h) 3:4
Thdi gian giif ndng, mdy ly tim [h] 34
Thai gian siy {h] 1+3
Ap sui't trong khi nfu [atm] ]
Nhiét d6 ndu [°cy 102
Nhiét do say [°Cl 80 + 50

2.4 - TINH CHAT CUA THACH CAO XAY DUNG

Thach cao nung dudi 200°C, s& chuyén thanh thach cao ban hydrat
CaS0,.0,5H;0, t6n tai § dang a- hay -, bén canh cdn cé mdt lugng nhd
anhydrit I, nhung d& dang hydrat héa trd lai thanh thach cao
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CaS0,.0,5H;0. Sdn phadm nung c6 khi ning lién két lai v6i nudc, tao cho
sdn phdm déng rdn nhitng tinh ning ky thuit cin thi€t. N€u nhiét d6 nung
dén 500°C, sé tao thanh anhydrit I (anhydrit khdéng hoa tan), vi vay khong
c6 tinh k€t dinh - goi 1a “thach cao nung ché&t”. Nhung néu ti€p tuc nung
dén > 1000°C, tao thinh thach cao estrich, s& cho tinh k&t dinh trd lai, vi
vai trd CaO c¢6 tdc dung nhu chat kich thich déng rdn.

Trong 2 dang o-hydrat va B-hydrat, dang a-hydrat ¢6 tinh chit ky
thudt t6t hon nhiéu so v6i dang B-hydrat.

Bdng 1.7 : Cdc tinh chdt ky thuidt clia thach cao bdn hydrat-
CaS0,.0,5H,0

Tinh chit ky thuat a - CaS0,4.0,5H,0 | f-CaS0,4.0,5H,0

Ludng thach cao nhiao nudc
(g thach cao/100g H,0)

230+250 130+170
Thdi gian két thiic ninh k&t (pht) 1520 20+40
Cudng do chiu kéo (kG/cm?) 125 40+50
Cudng dd chiu nén (kG/cm?) 450 100130

« - CaS0,.0,5H,0 f - CaS0,.0,5H,0
Hinh 1.15: Céc dang tinh thé ciia thach cao ban hydrat [7]

Céc tinh chit dic trung clia hé CaSO, va cdc hydrat clia chiing dudc
gidi thi¢u trén bang 1.8.
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Bing 1.8 : Cdc tinh chit diic trung clia hé CaSO, va cdc hydrat ciia

ching

Cic tinh chdt djc trung

CaS04.2H,0

CaS0, 11

Tén goi cdc hup chal
Tén gui cde dung thi hinh
TV 1& him lugng nude %)
Trong ludng phin tiy
Trong lugng rigng  |glem?)
" Nhiét hydrat & 25'C
tkjfkg dihydrat)
Bd hia tan rong nudc
[£/100 ¢m® d.d.)
dic
Gd25'C
Mang Ludi tinh thé
Thdng 58 mang
4-nm
b-nm
¢-mm
B- e

Inhydrat

2093
17217

2.32

0,181
0,204
Ponta

1,047
1.515
0,628
08,58

CaS0,.0,5H;0 | CaS0, 1
Bin hydrat ’Anhydrit 115
u B u BB
6,21 6.21 { 0,00 10,00

145,15 136,14
2,76 2,63 2,59 248
1G0) 112 150 176
0.825 | 1,006 L15
0426 [0426 | =048
Khdi mit thoi | Lue phitong

Anhydric II

0.00
136.14
293298

98

0,377
0,184
Hinh thoi

0,622
0,696
0.697

2.5-SU DONG RAN CUA THACH CAO XAY DUNG

Sy déng rin cha thach cao xdy dung 13 su hydrat héa ctta thach cao
bdn hydrat-CaS0,.0,5H,0, hay anhydrit thanh thach caoc - CaS0,.2H,0.

Pau tién thach cao ban hydrat- CaS0,.0,5H,0, hay anhydrit hoa tan vao
dung dich nudc, sau dé hydrat héa tao thanh thach cao - CaSQ,.2H,0. Tir

dung dich qui bdo hda, CaS0,.2H,;0 nhanh chéng k€t tinh thinh tinh thé
va tao nén cudng dd cla sdn phim déng rin.

Phdn (ng hyrat héa clia thach cao xiy dyng 1a phin Ung tda nhiét

vd thudin nghich:

CaS0,.0,5H0 + 1,5H,0 < CaS0..2H,0+Q

Tay thudc vao Joai thach cao xdy dung ludng nhiét t6a ra khic

nhau;

« - bin hydrat

4100 cal/mol

£ - bian hydrat 4600 cal/mol
« -anhydrit I1T 6100 cal/mol
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Trong qud trinh hydrat h6a cia thach cao x4y dung, ¢6 suf din nd thé
tich 1%.

D3&i véi thach cao nung nhiét do cao, ngoai su ti hydrat héa cua
anhydrit I tao thanh CaS0,.2H;0, con c¢6 phdn tng tao thinh CaCO; cia
CaO:

CaO + H,O = Ca(OH),
Ca(OH), + CO, — CaCO; + H,0

x 200 1an x 2000 lan

Hinh 1.16: Sin phim déng rdn cha thach cao ban hydrat CaSO,0,5H,0
sau 7 ngay hydrat héa.
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Phan 2
X1 MANG PORTLAND

Xi mang portland (XMP) 1a loai chit k&t dinh (CKD) bén nudc, né
c6 khd nang d6ng rin khéng chi trong méi trudng khéng khi, ma ngay ¢
trong mdi trudng nudc vd bén vitng trong mdi trudng nudc. Thanh phén
chil y&u clia XMP gdm nhitng hgp chit cd bin chifa CaO (oxyt base) lién
k&t voi cde oxyt acid: Si0;, AlLO;, Fe,Os.

Xi ming portland dugdc ché tao bing cich nung d&€n “k&t kh&i” hdn
hgp phéi liéu di dugc nghién min, chl y&u (3 d4 vbi, ddt sét va modt vai
phu gia di€u chinh khdc, tao thanh clinke. Sau d6 clinke dude nghién min
vdi him lugng nhd thach cao tao thinh xi ming portland.

Chuong 1

PAC TRUNG THANH PHAN VA CAC HE SO
MODUL CUA CLINKE XI MANG PORTLAND

1.1 - THANH PHAN HOA HOC CUA CLINKE XI MANG
PORTLAND

Thinh phin hod hoc cia clinke XMP gém cdc oxyt chinh:
Ca0,5i0,, Al;Os, Fe, 0. Té’ng ham lugng cdc oxyt trén chi€ém ~ 95-97%.
(Gidi han him lugng cdc oxyt chinh sau:

Ca0 = 63-67%
Si0, = 21-24%
ALO, = 4-7%
Fe;0; = 2-4%.

Ngoi1i ra trong clinke con chifa mét ham hrgng nho cdc oxyt khic:
MgO < 5%; TiO;<0.5%; RyO<1%; Py0s5<0.3%; Mny0s...



12 - THANH PHAN KHOANG CUA CLINKE XI MANG
PORTLAND

Clinke XMP khong phai 12 mot sdn phaim ddng nha't, ma né tip hgp
clia nhiéu khodng khac nhau,

Bdng 2.1: Cdc thanh phin khodng clia clinke XMP

Tén khodng N Viét | Tén khodng
tinh khiét (-Ong thifc phin uf tat trong clinke
Tricalcium silicat 3Ca0.5:10, CiS alit
Dicalcium silicat 2Ca0.8510, C.S belit
Tricalcium aluminat | 3CaC.ALO; CiA aluminat
Alumoferitcalci 2Ca0.pALOs(1-p)Fe 05| C4AF | alumoferit

Cic khodng C;8, C,S, C3A, C,AF chinh xdc chi ton tai trong pha tinh
khi€t, né khéng tén tai trong clinke cdng nghiép. Nhifng khodng nay
thudng tao thanh dung dich rin v8i cdc oxyt khdc. Theo Bogue ddi vdi xi
ming portland thudng cdc khodng chinh nim trong gidi han sau:

C3S = 45-65%, C,S = 20-30%, C3A =5-15%, C4AF=5-15%.
1.2.1 - Dicalciumsilicat—2Ca0.8i0,
Thanh phin cau i tao thinh C,8 gdm: 65,12%Ca0, 34,88%Si0;

Ty 1& CaO/Si0; = 1,867; v, = 3,04 g/em’; v, = 3,40 g/em’; v =3.28
glem’®; yy = 2.96 g/cm’. Dicalciumsilicat tdn tai & 5 dang thiy hinh: a- C;S,
a- CiS, -GS, [3 -GS vay-GhS.

Trong qud trinh nung ndng va 1am lanh sy bi€n d&i thi hinh cla C,S
tinh khi&t theo so d6 hinh 2.1.

Trong qua trink 1Am lanh a-C,8 sé chuyén thanh oy -C,8, chuyé’n
ti€p d&n B-C,S va cudi cling d dang y-CsS.

Khi 1am lanh nhanh, k&t tink min, ap -CoS s& chuyén thanh B-C,S;
n€u ti€p tuc 1Am lanh d€n nhiét do binh thudng (nhiét d6é phong) n6 khdng
chuyén sang dang ¥-C,S. Con néu IaAm lanh chim, két tinh 6 dang thé,
o, -C,S s8 chuyén thanh [ -C,S va ti€p tuc 1am lanh & dudi nhiét 36
500°C né sé& chuyén thinh dang v -CS, k&m theo hién tugng ting thé tich
phin tif 10%, tam clinke td thanh bét.
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630 - 680°C
Lanh chim ar - CoS & B - C8 —
1169 1100%'/ 690:+10°C
2 130°C 1425+10°C K&t tinh thd
Nong Chfi)’ z o -8 z o - C,5

Lanh nhan;% 620 - 630°C 500°C

1169 £10°C 0L -CoS &Pi-- 38

690+10°C
K&L tinh min
Y ¥
Téng hap C,S: 850 - 900°C 780-830C 4,8

Hinh 2.1: Pham vi én dinh ciia dang thit hinh C,S tinh khiét theo
LEHMANN, NIESEL vi THORMANN [8]

Khi téng hdp dicalciumsilicat biing cdch nung néng hoén hgp gdm
CaO va SiO, d€n nhiét ¢6 850-900°C né s& tao thinh oy -C,S, ma khéng
chuy&n qua cdc pha trung gian y-C,S va B-C,S. J nhigt do khodng 2130°C
C,S néng chdy.

Nhiét d bign ddi clia cic dang thil hinh cia C,S phu thube viio khoi
luging riéng cta miu thy, do tinh khi€t chia phdi liéu, kich thirde clia tinh
thé va 3¢ ¢ 1am lanh, N&u trong qud trinh nung C,S ¢6 su tao thanh dung
dich rdn s& 1am ha thdp nhiét d6 bién ddi cia cdc dang thir hinh,

CAu tao tinh thé cdc dang thii Binh ciia C,S. Loai tinh thé va théng s&
mang Iudi cua cdc dang th hinh cla C,8 dude néu trén bing 2.2.

Sy &n dinh cia céc dang thi hinh B-C,S: V& mat nhiét dong hoc
y-C,S 13 dang thii hinh 8n dinh & nhiét d6 trong phong, nhung y-C,S hiu
nhyv khong ¢é khd ning hydrat hod, nghia 13 khdng cé tinh chat két dinh.
Con B-C,S chi 1 pha gid 8n dinh & nhiét do binh thudng. B-C,S chi ¢6 thé
&n dinh & nhigt dd binh thudng bing con dudng vat 1y va hod hoc.

e Bing con dudng vit 1y. Khi dirge 1am lanh nhanh a-C,S c6 thé
chuyén d8i thinh o -C;S k€t tinh & dang tinh thé rdt nhd, khi dugce tiép tc
lam tanh oy, -C,S chuyén thanh B,-C,S cling két tinh & dang tinh thé rit
nhd, vi viy B1- C,S 8n dinh dirge & nhiét do binh thudng.
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Bang 2.2: Hiing s6 mang ludi tinh thé clia cdc khodng clinke vi cdc

dang thit hinh cia né. Theo REGOURD va GUINTER.[9, 10}

k}f;(‘)zc;g Lo tinh Ngiél Thong sd mang tinh thé

Vd Cfit‘ thé (ug) anm | bom | ¢com | o BOf yo!
thil hinh
a-C8 H¢ tue gidc 1500 | 0G.553 - 0.731 - - -
ay-Co8 HE¢ tryc thol | 1250 | 0.559 1 0.954 | 0.686 - -
o ~Ca8 Hé tructhoi | 1000 | 1.118 | 1.895 | 0.684 - - -
B-C;S Hé don ta 650 | 0555 | 0.681 | 0.942 93.6 -
¥-C2S H¢ true thoi 20 | 0508 | 0677 | 1.124 - - -
R-C38 Hé métthei | 1100 | 1L.283 | 0.715 | 2556 1 90 90 90
MII-C,S | Hé ddn td 1000 1 1.234 | 0714 | 2543} 90 90 20
MI-C,S | Hé donta 985 | 1233 1 0714 | 2542 90 | 8985 | 90
TII- C3S | Hé tam1a 940 | 24063 ; 1.429 | 2.541 | 90.06 | 89.86 | §89.91
TII-CyS | Hé tam ta 6R0 | 2453 [ 1.427 | 2.530 | 89.98 | 89.75 | 89.82
TI-C;S |Hétamud 200 | 2440 1§ 1421 | 2580 | 89.9] | 89.69 | 89.69
C,F H¢ trye thoi - 0.543 | 1.476 | 0.559 - - -
CoAF HE trye thoi - 0.538 | L.461 | 0.55¢9 - - -
C,AF H¢ tryce thol - 0.535 { 1.451 { 0.556 - -
CeAoF Hé trye thoi - 0.531 | 1.446 | 0.551 - - -

Inm = 10A

Ciing bling con dudng vit Iy SCHRADER vd SCHUMANN [11] di
chitng minh ring c6 thé chuyén d&i dang thy hinh 8n dinh y-C,S thinh
dang 8n dinh B-C,S, bling cdch nghién rit min trong mdy nghién bi rung

(hoat tinh bing ¢d hoc).

e Bing con dudng hod hoc ciing ¢é thé n dinh B-C,8 & nhiét do binh
thudng. Phuong thifc ndy 14 dung cédc loai phy gia &n dinh tao (kinh dung

-

dich rin v&i C,8. Nhitng phu gia nay thay th€ cdc cation Ca’* vi anion
Si0,* trong mang 1udi tinh th€ cha C,S, tao nén mang Wdi 3 trang thii
khéng trit w, didu d6 sé ning cao Entropy cfia hé. Vi viy khi 1am qud lanh

né s& &n dinh theo thit tr «-C,8, o -C,S, B-C,S.

Nhitng chit &n dinh véi 3 dang thi hinh 8 nhiét d6 cao 12 céc cation
Ba’*, 8r™, P™, V>, B”, K’, Na’, trong cdc hgp chat vdi cic anion SO,
Si0*, CO,* hodc 1a cdc oxyt cia chiing.
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Gidi han hol tan clia mdt vai oxyt trong mang 1uGi tinh thé cta C,8
dudc giSi thiéu trén bang 2.3. P81 vdi cdc clinke sdn xudt & nha may belit
ton tai chi y&€u d dang 3-C,S, rat kho ton tai & dang o-C,8 va o’-C.S,
Theo ONO, WAMURA vi SODA [12] 43 chitng minh ring dang o-C,S ¢6
cudng dd chiu nén cao hon 3 1in so v6ip-C,S.

Trong cdc nhd mdy sdn xudt xi ming theo phudng phdp hién dai, cic
thi&t bi lim lanh (din 1am lanh, 6ng chum lam lanh) bdo dim t8¢ d5 1am
fanh nhanh, vi viy khdéng ¢6 su bi€n chuyén tir dang B-C,S sang dang
Y-CQS.

M6t trong nhifng dang k€t tinh cla tinh thé belit clia clinke sdn xuit
d nhd mdy dudc gidi thiéu trén hinh 2.2,

Bang 2.3: Gidi han hoa tan clia mdt vai oxyt trong C,S theo NURSE {13],
BUTT va TIMASEV.[14]

Dang thi Nhiét d6 P hoa tan Belit wong
Céc oxyt hinh clia nghién citu cue dai [%] clinke nha
C,8 (°C} mdy
Fe,O4 a-C,S 1500 2.3
o-C,S 1400 1,5 } 0,8-1.3
o -G8 1300-1350 <1,0
ALO, a-C,8 1400- 1500 23 } 1.9-2.6
o.-C,S 1300-1350 <1
Fe,Ov+ 3-3.,5
ALO; 1,5
MgO o-C;8 1600 1.5
’ «-Cs8 1400 1-2 } 0405
CaO a-C,8 1850 6
a -C,S 1350 1
Na;O 0.6 0,1-0,6
K,0 4,46% 03-1.4
SO, B-C,S 6.2 0,0-0.5
a -C,8 5.8

(*) Theo quan diém mdi K,0.23Ca0.125i0; khong phdi 1a hgp chalt
ma 1a dung dich rfn cfa K;0 trong o -CsS.
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Hinh 2.2: Tinh thé belit dang tron véi ciu triic bdn mdng.

1.2.2 - Tricalciumsilicat-3Ca0.SiO,
Thanh phan ciu tao clia C3S gdm: 73,69%Ca0; 26,31%Si0,.
Ty 1& CaO/SiO, = 2,801; y = 3,13g/cm’.

Trong pham vi nhiét do, tir nhiét d§ binh thudng d&€n 1100°C C3S ¢6
6 dang bi&n ddi thi hinh :
2700°C 1050°C 990°C 980°C
Phalong T R-C;S &= M;-G:S —= M-CS =—

Tryc thoi hay tam gidc  Pon ta Don ta
920°C 600°C
_" Tm—CgS 4.._TH'C3S < TI'C3S
Tam ta Tam ta Tam ta

Hinh 2.3: Pham vi 8n dinh clia dang thd hinh C;S tinh khiét, theo
GUINTER va REGOURD [10]

Su khdc nhau trong mang luGi tinh thé cia cdc dang thd hinh rat it.
Thong s6 mang 1u6i tinh thé ciia cdc dang thd hinh nay dugc gidi thigu
trén bdng 2.2. Chinh sy khdc biét rit nhd nay, nén trén quang phé ronghen
rdt kh6 phan biét. Tit cd 6 dang thi hinh ndy c6 thé tao thanh mdt dung
dich rin.

Nhiét do bi€n ddi cdc dang thd hinh chi ¢6 thé 16 d6i véi CsS tinh
khi€t. Theo HOFMAENNER [15] trong alit chi c¢6 thé phin biét 3 dang
khdc nhau bing kinh hién vi.
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Dang dung dich rén ctta C;S: D6 hoa tan cuc dai clia cic oxyt la
trong mang ludi tinh thé€ cia C,S, cling nhif loai vd ham ugng cic oxyt
lién k&t 8n dinh trong cidc dang tht hinh cta C;S dugc gidi thiéu trén

bdng 2.4.

Bing 2.4 Gidi han hod tan cha vai oxyt trong C,;S theo
WOERMANN, EYSEL vA HAHN[17]

Oxyt | Dangthi hinhén | Nhiétdd | Do hodtan | Alitrong
dinh [°C] cuc dai[%] clinke
Fe,O5 | T (0-0.9%) 1550 1,1 } 0.5. 0.7
Ty (0.9-1.1%)
ALO; | T, (0-0.45%) 1550 1,0 } 0,912
Ty (0.45-1.0%)
MgO | T (0-0.55%) 1550 2,0
Ty (0.55-1.45%) } 0.6-1.0
Cr;0; | T1(0-1.4%) - 1,7
Ty (1.4-1.7%)
Na,O 0,7 0,1-0,2
K;O 0,1-0,2
CaF, 1175 1,5
P,Os 1,0
MnO; 1500-1600 | 0,7
TiO, 1500-1600 | 0,6
SrO 6-7
BaO 1,2-2,0
Zn0 2,0
SO, 2.9 0,0-0,2

Trong thyc t€, diéu quan trong 1A trong mang ludi tinh thé ciia C;8
chi c6 thé ti€p nhin 2%MgO, n&u vurgt qud gidi han trén MgO s& dn tai &
dang Periklaz.

Pham vi 6n dinh ciia C;8 va C,S: Theo WELCH va GUTT [16] C5S
bén viing trong pham vi nhiét do tir 1250-2070°C. G 2070°C CS néng
chdy tao thanh pha 1dng vd Ca0. Du6i 1250°C, C;S tinh khi&t bi phian huy
r4t cham, vi du: sau thdi gian nung néng 100 gi¥ & nhiét db 1175°C sy
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phdn huy ciia C;S chi xdc dinh duge 2%CaO ty do. Ngudc lai alit, khi ¢6
médt ham lugng xdc dinh ctia 1 hén hdp (K,0, CaF, dic biét Fe’) n6 sé
phdn huy thanh belit va CaO ty do.

Cs;S —» B-C,S + CaO w do

T&c d6 phin huy 16n nhit & 1175°C. & nhiét db thap thuc t& t6c do
phan huy ctia C;S bing khong.

Alit trong clinke: Trong clinke alit tdn tai & dang don ta MII va mat
thoi R- C3S . G nhiét do cao alit t8n tai n dinh dudi da ng 1 dung dich rén.
Hinh 2.4, 1a tinh thé alit trong mdt clinke nha mdy. Ham lugng clia cédc
oxyt hod tan trong tinh thé alit, d&i v6i mdi loai clinke dao dong trong
pham vi tuong d&i 16n, né tuy thudc vao nhitng didu kién khic nhau cla
qud trinh nung (bang 2.4).

Hinh 2.4: Dang tinh thé alit trong clinke nha mdy (den).

Tir bing cho thdy alit khdng ¢6 mdt cong thic chung xdc dinh, ma
thinh phan ciia né dao dong trong mot gidi han nio dé tuy thude vao loai
nguyén liéu sif dung.

Khong c6 suf khdc biét rd rét vé dd hoat tinh thuy luc (mirc dd hydrat
hod) giira cdc dang thi hinh ciia alit. Cudng do ban diu clia cdc loai alit
khdc nhau tuy thudc vdo mitc dd khuy€t tit clia mang Iu6i tinh thé cla
ching.

1.2.3 - Hgp chit trung gian (chi't dém)

Hop chat trung gian nim xen ké giifa cdc tinh thé alit va belit, thanh
phin ciia n6 chi y€u dugc tao thanh tif cdc khodng tricalciumaluminat
C3A va alumoferitcalci C;A F, .
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Hinh 2.5: Hgp chit trung gian trong 1 clinke nha mdy aluminat mau x4m
sdng, alumoferitcalci mau tring.

1.2.4 - Tricalciumaluminat — 3Ca0.Al,0;

Thanh phian cdu tf cla C;A tinh khi€t gébm 62.27%CaO,
37.73%AlL,0;. Ty 1& CaO/AlLLO; = 1.65, y = 3.04g/cm’.

Dung dich rin cta C;A. Gidi han hoa tan ciia cdc oxyt la trong
mang 1uGi tinh thé clia C;A dugc gidi thiéu trén bing 2.5.

Bang 2.5: Gidi han hoa tan ciia mdt vai oxyt trong mang uGi C;A.[18]

XY cu®Cy | dai (%) i -l clinke
Fe, 04 1325 45 K Al*thay | 48-8,0
Fel+
MgO N 2.5 B Mg**thay |  0,4-2,0
Ca2+
Na,O 1350 5.4 0-1,9 Lap phuong _ 0,5-2,4
1,9-3,7Lép phudng
3.7-4.6 Tryc thoi
4.6-5.7 Bon ta
K,O _ 1.4 H K* thay 0,2-3,1
CaZ+
SiO, al 1 L 3 2,9-5,9
TiO, - B B ” 0,.3-0,8
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Tricalciumaluminat khéng cé cic dang bi€n ddi this hinh. Nhiét da
néng chdy cia C3A = 1542°C, né tao thinh pha 1éng va CaO. Mang Iudi
tinh thé ca C;A & dang khéi lap phudng (a = 1,526nm).

Sy thay thé€ CaO biing Na,O s& lam bién di hinh hoc ciu tric tinh
thé clia C;A. PO hoa tan cuc dai cla NayO trong C;A & 5,7%. Vi viy
khéng thé cé hgp chit Na,0.8Ca0.3A1,0,. Khi ¢6 mit SiO; sé lam bién
d4i gidi han hoi tan cla Na,O trong C3A. N&u trong C:A 6 chia 3%C,S
d6 hoad tan cuc dai c¢ha Na;O trong C;A = 7,6%, tudng (ng hgp chat
Na,0.8Ca0.3A1,0;. Khi cé mit SiQ, ciing c¢6 thé tdn tai hdp chit
K,0.8Ca0.3A1,05 [19], nhung chi ¢6 thé€ xuat hién trong clinke khi ham
lugng K,O qud thita d6t vdi SOs, néu khdng né dé dang tao thanh K>SO,
Khi ¢6 mit phu gia fluorit cling ¢6 thé tao hop chit aluminatfluoritcalei -
] ’CRO?A1203C3F3

C;A trong clinke nha may: Trong clinke nha miy CiA c6 thé tdn
tai & dang tinh thé 1ap phugng, tryc thoi hay 1t dién. Hai trong nhitng dang
trén ¢6 thé tdn tai Jan nhau, Thinh phin hod hoc cfa clinke nha mdy dudc
néu trén bing 2.5.

1.2.5 - Alumoferitcalci — 2Ca0.pALO;.(1-p)XFe,0; (p £ 0.7)

Pha alumoferitcalci khéng cé thanh phin hod hoc nhi't dinh. Khodng
Brownmillerit ma ching ta quen goi 14 alumoferitietracalcit -
4Ca0.A,05.Fe;0s, ¢6 thinh phin ciu t gdm  6,16%Ca0; 20,98%A1,05;
32,86%Fe;0;5; v = 3,77g/cm’. Alumoferitcalei 12 mdt hdn hgp tinh (hé,
trong hing loat hdn hgp tinh thé giira hgp chit 2Ca0.Fe,O; va hdp chit
gid thi€t “2Ca0.ALO;”. Trong diy ndy tdn tai chit y&u cdc hdn hdp tinh
th€ CeAF, CLAF, CeAF, Khodng Brownmillerit - C4AF - ¢6 thanh phin
tudng Gng C;AqsFys . Su tao thanh dung dich rin trong diy C;F -“CA™ ¢6
th€ xem nhu 1 su thay the [An nhau giita ion Fe®™ va ion Al (rong mang
1ui tinh thé clia C-F. Mang 1u6i tinh thé clia C;F & dang tryc thoi, vi vy
mang W6 tinh thé ca Aung dich rin alumoferitcalei cling t6n tai § dang
truc thoi.

Alumoferitcalci ciing khdng ¢é cdc dang bién ddi thit hinh. Do bin
kinh ion AI* (0.056nm) nhd hon ion bén kinh jon Fe**(0.067nm), vi vy
ham lugng AlO; cing 16n, kich thude mang ludi tinh thé cing nhd (xem
bing 3.2). Do hoa tan cuc dai cha ion Al** trong C,F khi p = 0,7 tugng ting
vdi hdp chat CsAF.



Khodng C,F ton tai & 2 dang thir hinh & 430°C va 690°C. Khodng
C.AF n6ng chdy = 1415°C, con C,F néng chiy =~ 1449°C.

Dung dich rin cia C;A F, .

o CA F, + MgO: trong mang 1uéi tinh thé cia CF 8 1300°C ¢6 thé
hoa tan ham Iugng MgO cic dai 13 0,7%. Trong mang ludi tinh thé cida
CsAF hdm hrdng MgO hoa tan cyc dai 1a 1,5%. Trén gidi han ndng dé nay
MgO ton tai & dang periklaz. Gidi han ndng 43 hoa tan cda MgO cang 1dn,
khi ham lugng Al QO; trong dung dich rin cing 1dn va & nhiét d6 nung cing
cao. Trong mang 1udi tinh thé ion Mg™ ¢6 thé chi€m 3 vi tri & khoang
tréng cla mang ludi tinh thé,

Mg2+ o Ca'2+ Mg2+ PN (Fe“, AI3+)

e CAF p+ 5i0;: DS hod tan cyc dai clda SiQ, trong CoAF,» 3
1450°C 121%. Trén gidi han nay né tao thinh hgp chil ghelenit C,AS,
Ham lugng SiO; trong mang tdi cdu tric cing 18n, khi ham Iugng Al O,
cing tang. Trong ciu tric mang ludi Si0; thay thé theo sd db:

Si* o (Fe*, AP'D

Khi ¢6 mat MgQ, ham lugng SiO; hoa tan vio dung dich rdn cang
ting. Ngodi ra ¢ dang dung dich rin, C;AF s cdn cé thé ti€p nhin thém
cdc oxyt khic: CryQy, MnyO,, CaO, TiQ,, Na,O.

* C;ApF,p trong clinke: Pha alumoferitcalei trong clinke sdn xuft &
cdc nhd mdy c6 thinh phin cdc ciu ti¥ thay d6i. Theo nghién cdu cla
MIDGLEY va MOORE [20] véi 87 loai clinke khdc¢ nhau cho riing: thinh
phan cla alumoferitcalci trong xi midng portland thudng tdn tai & dang
C.AF. Theo nghién cifu cda COPELAND [10] cho ring thinh phin trung
binh cha alumoferitcalci trong cdc loai clinke clia My 12 CgA,.47F) 3. Thuc
t€ n6 cling tuong ing v8i C4AF. Trong nghién cttu d&i véi clinke ctia Phép
vd cla Lién X6 (cl) ciing tim thdy thinh phir pha alumoferitcalci gin
turong tv C,AF. Chinh vi vy ngudi ta cho riing pha alumoferitcalci tdn tai
trong clinke 12 C,AF.

1.2.6 - Cdc thanh phin khic ciia clinke xi méing portland

e Pha thuy tinh: Khdc v6i quan diém trudc diy ngudi ta cho ring
trong clinke XMP t6n tai mdt ham lugng nhé pha thuy tinh hodc vi k&t
tinh. Nhung thyc t& qua nghién cu cho thd'y ngay ¢i trong diéu kién 1am
lanh nhanh clinke, pha néng chdy khéng chuyé&n thanh pha thiy tinh ma sé&
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chuyén thanh trang thdi tinh thé. Nguyén nhin 13 do pha néng chiy cia
clinke chi chita mdt ham lugng nhé SiO; va lai ¢ mit Fe,05 nén né dé
dang k€t tinh thanh tinh thé.

» Vdi ty do: Trong clinke XMP thutng, CaO wr do chi ton tai nhiéu
nhit trong gidi han cho phép 0-1%. CaO ty do dugc tao thanh, hodc la do
trong qud trinh nung né khdng lién k&t hoan toan véi cdc oxyt khdc, hoac
13 do trong gud trinh 1am lanh ¢6 sy phin huy mot phin cia khodng alit,
hodc khodng C;A (kich thu@e tinh thé 13 -Sum). Néu ham ludng CaO
do cao, trong qud trinh d6ng rin do kha ning hydrat ho4 chim, khi hydrat
hod tao thinh Ca(OH}, (ting thé tich phan t&) khong dﬁng th&i vdi cdc
khodng khdc, gdy gidn nd thé tich, ddn d&€n phé hdy cdu tric d4 XMP,

¢ MgO ty do: Trong clinke XMP luén tdn tai MgQ 1f do (MgO <5%),
cé thé tao thanh & dang tinh thé periklaz. T6¢ d 1am lanh cta clinke, ¢6
dnh hudng rit 19n dé€n sy tao thanh va kich thudc ciia tinh thé periklaz.
Ngoai ra né cdn nim trong dung dich rin vdi cdc khodng ciia clinke, hoic
ton tai trong pha thiy tinh. MgO & dang periklaz v&i ham lugng 18n, hydrat
hod rat chdm (chdm hon ¢d CaO tyr do); trong qué trinh déng rin cud XMP
s& gay gidn nd thé tich din d&€n phd hdy ciu triic d4 XMP. Tuy nhién, néu
8n dinh dugc MgO trong clinke XMP, ¢6 thé ning ham lugng MgO >20%.
Loai xi ming nay goi la xi mang portiand gidu MgO [21].

Né&u nhu trong hdn hgp phdi lidu dat sét c6 chita cdc mudi sunfat
hay sunfit, hoic trong nhién liéu c6 cic hgp chit chita lvu huynh S, trong
qud trinh nung luyén clinke s& ¢é sy tao thanh SO,, SO, s& phan dng vi
ki€m alkali vd O, cia khi 16 tao thanh K,SQ, trong clinker XMP.

Trong clinke XMP ciing ¢ thé tdn tai hgp chat CzA,, ciing nhy
dung dich rin clia n6, nhung né 13 mot pha khéng 8n dinh.

1.3 - CAC HE SO VA MODUL PAC TRUNG CUA CLINKE XI
MANG PORTLAND

D& ddnh gi4 chi't lwgng cla clinke XMP vé:
» Kh3 ning déng rén.
e Tinh chit cudng do.
e P05 bén nudc.
¢ Kha ning nung luyén.

» Khi ning nghién min...
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Ngudi ta s dung cdc hé s& v modul cd ban (KN, m, n, p). duge xdc
dinh trén cd s& hany lugng % cdc oxyt chinh trong clinke XMP.

1.3.1 - Modaul thay Ive (chiu nude): m

Modul thily lyc duge Michaelis néu 1&én tit 1890, Madul thity jvc dic
trung cho ty 1€ % gilta ham lugng CaO (k& hgp) vdi tdng ham ludng %
cdc oxyt acid k&t hgp.

B3i v&i clinke XMP m= 1,7-24

m = CaQ
Si0, + ALO, +Fe,0,

Si0; . ALO; . Fe;05: Goi 1a cde y&u 16 thdy lve. NEu Si0,; ALO;;
Fe,0; tiing, dd bén nudc clia xi ming ting.

1.3.2 Modul silicat: n

Modul silicat: dac trung ty 18 ham lugng % giita SiO, véi tdng ham
lugng % cac oxyt ALO; + Fe,0,
. SiO,
ALO, +Fe,O,

Modul silicat con diic trung ham lugng cdc khodang silicat
(C5S + C;8) dugc tao thanh, so vdi ham lugng khodng néng chdy (CsA va
C,AF).

P&ivéi XMP: n=1,7-35

Né&u modu! silicat cao, hAm lugng khodng silicat 18n, khodng ndéng
chdy nhd, xi midng c¢6 chit lugng cao; nhung phdi li¢u khé nung d&n két
khéi, ndng sudt 10 gidm, tudi tho 16 gidm. Nguge lai n nhd, ham Iugng pha
18ng ting, nhi¢t d6 néng chdy cla phdi liéu gidm thap.

1.3.3 - Modul alumin P: modul alumin dic trung ty 1& him lugag
% giita ALO; va Fe,0; trong clinke.

ALO
pa= 23
Fe, 0,

Modul alumin cdn dic trung ty 1€ ham lugng gilra khodng C;A va
cdc khodng chita Fe,0;. D31 v6i xi ming portlandp=1-3
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N&u modul alumin p ting: Clinke XMP chifa nhiéu khodng aluminat,
phoi lidu nung luyén khé, xi ming portland déng rin nhanh, tda nhiéu
nhiét, kém bén sunfat.

Ngudc lai, p gidm, pha 16ng tao thinh nhiéu, xi ming portland ¢é
cuting dd khdng cao, nhung bén sunfat tat.

1.3.4 - Hé 58 bdo hoa vbi
KUEHL {22] cho riing ¢6 thé sin xuit loai clinke XMP ¢6 tinh chit

t5t nhat, khi CaO k&t hgp bdo hda hodn toin v8i cdc oxyt khdc (SiO,,
AlLO, Fe,03) tao thanh cdc khodng C3A, C,S, C,F hoac C,AF.

Trong d6, cdc hop chat ¢6 ty 18 trong lugng phin tif nhy sau:

Trong CsS, ! phidn trong lugng SiO; lién k&t vdi 2,8 phin trong
lugng CaO.

Trong C;A, |1 phﬁn trong lugng AlQO; lién k&t vdi 1,65 phﬁn trong
lugng CaO.

Trong C,AF, 1 phin trong lugng ALO; lién k&t vdi 1,1 phin trong
lugng CaO.

Trong C4AF, 1 phin trong lugng Fe,O; lién k&t vdi 0,35 phin trong
lugng CaO.

Trong C;F, 1 phidn trong lugng Fe,0;1ién k&t v6i 0,7 phin trong
lugng CaO.

KUEHL cho riing clinke thda mian diéu kién trén, 13 clinke 1y tudng
vd phai thoa min phudng trinh sau:

CaQ = 2,85i0; + 1,65A1,0, + 0,35Fe,04 ( hodc 0,7 Fe,0;)

Trong thuc t€ khé sdn xudt loai clinke ly ttdng trén, vi khi nung luyén
khong phii 3t cd CaO déu két hop hoan todn véi cdc oxyt axit, ma bao gid
ciing con mot lugng CaO wi do, nén KUEHL dva ra hé s6 KSG, phuong trinh
trén ¢6 dang:

CaO = KSG (2,8510; + 1,65A1,0; + 0,35Fe;0;)
Ca0 *
2,8510, +1,65A1,0, + 0,35F¢,0,

Hoic: KSG =

KUEHL cho ring hop chit sdt trong clinke XMP khdng tao thinh C,F
ma tao thanh C,AF.
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Béng 2.6 : T8ng quét cdc hé s& vd modul diic trung cda clinke XMP

KY

CONG THUC TACGIA | PHAM
HIEU| TEN GOI A
CUA
XMP
KSG | Mifc do XSG = 100Ca0
bio hoa 2.85i0, +1,6541,0, + 035Fe,0, | KUEHL _
vHi
LSF | Yé&u1d bio LSF < Ca0-0,750, _ 90 = 102
hoa voi 288i0, +1,241,0, +0,65Fe, 0,
KStl | Hé s& véi KSif - 100Ca0 KUEHL 90 + 102
tiéu chuin 2850, +1.144,0, +0,70Fe,0,
KStII| HE sOvoi |, . 100CaC LEA wva _
tién chué’n 2880, +1,1841,0, +0,65F 2,0, PARKER
KSt I1I| H& s& vbi KSUT = 100(Ca0 + 0,75Mg0) SPOHN, |90=+102
tidu chué’n 2880, + L18ALO, + 0,65Fe,0, KNOEFEL
R _ 160{Ca O + 1,50M20) - -
Kstll f‘é S"h";‘ ASult = 2.85i0; + L1BAL,0, + 0.65Fe,0,
1eu cnuan
(MgO>=2% )
Ca0 -16541,0, - 0,35Fe,0
KN | Héso bao | KN =2 27 e KIND  D85-095
) 2,850,
hoa vii
m | Modulthiy | g = Ca0 ICHAE- |17 24
Ite $i0, + Al,O, + Fe,0, LIS
n Modul Si0, KUEHL [1,8+34
ey n =
silical ALO, + Fe,0,
P Modul p=200 KUEHL [15:25
alumin Fe,0,
S Modul silic | __ Si0, MEADE [3.0+4,0
41,0, vi
MUSSGNUG
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Theo nha khoa hoc Nga KIND [23] cho ring: trong thuc t& nung luyén
khéng phdi tdt cd cdc oxyt acid phin dng hoin toin véi CaO, mi chi ¢6
Al;O3 va Fe,0; k€t hgp hoan toan vdi CaO tao thinh C;A va C,AF, con SiQ;
s& khong k€&t hgp hoan toan véi CaO dé tao thanh C;S, ma tao thinh C,S va
ludn ludn ¢on lai mét lugng CaO tr do.

Nghia 1a cdng thifc trén dugc vi€t dudi dang:
Ca0O = KN 2,8Si0; + 1,65AL0; + 0,35F¢,0,

Ca0—1,65A1,0, —0,35Fe,0,

Hoac KN = .
2,8S810,

KN: goi la hé s& bio hda vdi clia clinke XMP

He s6 bdo hda v6i KN: LA ty 1¢ giita phin trong lugng CaO thuc t&
cdn lai d€ tao thinh C;S va C.S, sau khi di tdc dung bio hda hoin toin
vdi cdc oxyt Al,O; va Fe,0; d€ tao thanh C;A va C,AF; véi phin trong
Itgng CaO 1y thuy€t cin bio hda hodn toan SiO; tao thanh CsS.

D3i véi clinke XMPKN < I, thudng KN = 0,85 - 0,95

* N&u KN 16n, hAm lugng alit trong clinke cao, tao cho xi ming
portland ¢6 cudng d$ cao, d6ng rfn nhanh; nhung khé nung luyén, vi nhiét
d6 k&t khéi cao.

* Néu KN nhd, him lugng alit trong clinke thdp, chdt lugng XMP
thap; nhung nhigt dd k&t khdi thap, clinke d& nung luyén.

Ngoadi KUEHL va KIND, hé s8 bdo hda vdi v cdc modul con dugc
duva ra dudi cdc dang khédc cla mdt s§ nha nghién ciu (xem bang 2.6):

1.4 - PHAN LOAI CLINKE XI MANG PORTLAND THEO THANH
PHAN KHOANG

Tinh chit clla clinke XMP chi y&u phu thudc vio thanh phin
khodng chifa trong clinke. Ty 18 ham lugng (%) cdc khodng chinh ciia
clinke XMP nidm trong giGi han :

* CS=375-60% .

} Nhém khodng silicat
¢ C5=15-375%
e CA=7-15%

} Nhém khodng néng chdy

Ci:AF=10-18%.
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Cdc khodng trén duge chia thinh 2 nhém chinh: Nhkém khodng
silicat v& nhém khodng néng chay.

Clinke XMP chita ham lugng khodng silicat cang cao, chil lugng xi
ming portland cing t3t. Sin phdm déng rin cho cudng do cao, nhung khi
ning nung luyén khé (nhiét dé nung cao).

Bang 2.7 : Phin Joai clinke xi méing portland theo nhém khodng
silicat.

- CiS+ 0 S =73%
Loai clinke C,8/C,8 KN :
CsS C,5
Alit >4 > (0,92 > 60 <15
Thuting 4-1 0,92 - 0,81 60-375|15-375
Belit < < 0,81 < 37,5 > 375

Clinke XMP chifa ham lugng khodng néng chdy cang cao, pha 16ng
trong clinke cang 14n, nhiét 46 k&t khdi thip, trong nung luyén dé tao ano
(v6i 15 quay) vi d& dinh 1> (d6i védi 10 ding). Loai clinke nay ch&t higng
sin phim déng rin khong cao.

Bang 2.8 : Phin loai clinke xi ming portland theo nhém khodng
néng chay.

i | CyA + C,AF = 25%
C];ional;e CAICAT : C:A C.AF

Aluminat >1,5 >23 >15 <10

Thudng 1,5-04 2,3-1,1 15-7 10-18
Celit <04 <l,1 <7 >18

1.5 - MOT QUAN HE GIUA THANH PHAN KHOANG V61 CAC HE
SO VA MODUL

M®&i quan hé giifa thanh phin khodng vdi cdc hé s& va modul ¢d ban
dwgc bi€u thi trén cdc biéu 4 sau:

¢ M@&i quan hé gita KN v3 him lugng cdc khoing CiS va (S
(hinh 2.6):
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Khi KN bién thién tir 1+ 0,67 ham lugng cdc khodng C:S va C;S
thay d8i theo biéu dd. AB: xi ming alit;

ming belit

(hinh 2.7)

BC: xi

ming thudng; CD: xi

M&i quan hé giita P va him ludng cic khéang C:A va C,AF

Khi P bi€n thién tir 0,64 = 5 ham lugng khodng C;A cing ting va
ham lugng khodng C,AF cang gidm.
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Hinh 2.6: M&i quan hé giita KN va

ham lugng cic khodng C;8 va C,8
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Hinh2.8: M&i quan h& giffa n vdi tdng ham lugng cdc khodng silicat v
cdc khodng néng chay
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e M&i quan hé giita n vd tdng ham lugng cdc khodng silicat va
khodng néng chiy (hinh 2.8):

Khi n bi€n thién tir 1,5 + 6 tdng ham lugng khodng CsS + C;S ting,
déng thdi t8ng ham lugng cdc khodng néng chiy ( C;A + C4AF ) gidm.
Trén biéu d6 g véi

I/. KN=09, p =4
2/. KN=09, p=15
3/ KN=009, p =0,64
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Chuong 2

NGUYEN LIEU, NHIEN LIEU VA TINH TOAN HON
HQP PHOI LIEU SAN XUAT CLINKE XI MANG
PORTLAND

Clinke XMP dugc ché tao biing cdch nung d&€n k&t khdi hdn hop
phdi lidu chita cdc cAu tif cd bin: CaO, S5i0;, ALO;, Fe;O; Vdéi ty 18 him
lu'dng xdc dinh dugc tinh todn theo tinh chit yéu cdu cha XMP mong
mu6n. P& bdo dim thanh phdn héa hoc clia clinke, thudng ding 2 loai
nguyén li€u co bdn 12 dd voi va ddt sét d€ ché tao hdn hgp phdi licu.
Ngoai ra con ding mét vai loai nguyén li€u dic biét hay cdn goi 1a phu
gia diéu chinh nhu: xi pyrit, trepen, diatomit,..

2.1-NGUYEN LIEU
2.1.1 - Cau tit 34 voi

D4 voi 1a cfu tl chinh cla hdn hgp phdi ligu, ddng sdn xuit clinke
XMP, nén khong thé thi€u dugc. Trong thign nhién d4 véi thudng tn tai
dudi nhiéu dang:

b4 voi :90-100% CaCO,
D4 véi - mergel : 75 - 90% CaCO;
b4 mergel : 40 - 70% CaCOs

Vi thanh phin ph8i liéu cla clinke XMP chifa khodng 75% CaCO;,
nén di voi va dd voi mergel rdt thich hdp ding IAm nguyén liéu d€ san
xuit clinke XMP, dic biét la d4 voi mergel, vi thanh phin gén gidng
thinh phin phéi liéu cia clinke XMP, nén ¢6 thé don gidn h6a qud trinh
k¥ thudt sin xudt clinke XMP. Trong d4 v6i ngoai thinh phin chil y&u 12
CaC0;, cdn c6 thé cho phép 1n 1 him lugng nhd MgO ( < 5%) vi ham
lugng nhd RO ( <1%).

Ngodi d4 v&i v d4 voi mergel 1A nhitng nguyén ligu thién nhién chita
CaO, cdn ¢6 thé dung cdc phé lidu chda CaO khdc d€ sin xud't clinke
XMP.

Bin nephelin: L3 ph& ligu clia ngdnh sdn xuft nhém, cé thanh phin
hod hoc ndim trong céc gidi han sau:
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"SI0, = 5 - 30%.
" AlLO;= 2-5%.
"Fe,(03=3-5%.
=" Ca0 =50- 55%.
*R;0= 1,5-3%.

Dung biin nephelin sdn xuit clinke XMP r4t ¢6 1gi, vi chi cdn thém
mot lugng CaO thich hgp. Khi nung luyén tiéu ton it nhiét ning, ning suit
1 cao, tuy nhién, nhuge diém 1a ham lwgng R,O cao.

Xi 15 cao: La ph€ liéu ciia nginh sdn xuat gang, thAnh phin héa hoc
gdn gidng thanh phan clinke XMP, chi khdc nhau v& ham ludng céc oxyt.

=Si0, = 8 - 38%.
" AL Os= 8- 24%.
*CaQ = 40 - 50%.
«MgO = 1-18%
« MnO=1-3%

Xi 15 cao c6 thé ding 1am nguyén ligu, cling ¢6 thé diing 1am phy
gia sdn xuit XMP.

2.1.2 -Cau tir dat sét

Trong thigén nhién d4t sét tdn tai dudi dang nham thach trim tich,
chiing 13 nhitng alumosilicat cé thanh phin hod hoc khdc nhau:

+ Kaolinit: Al,0,.2810,.2H,0 (510,=46,5%; Al,03=39,5%;
H,O =14%)

+ Montmorillonit: Aly[S15050][OH]4.nH:O (S10,= 66,7%;
AlLO; =38,2%; HO = 5%)

+ 1lit: KoALJALSi402][OHI pH,O (Si0; = 45,2%; ALO; = 38,2%;
HO = 4,5%; K,0=11,8%).

Ngoai ra cdn cic alumosilicat khdc cling ¢é thé diing 1am nguyén
lieu sdn xudt clinke XMP nhu: d4 bot, granit... Trong dat sét ngodi thanh
phin chi y&u 1a Si0, va AlLO; cdn chita cdc tap chit khdc nhu: Fe,0;
(7-10%), SO; (1%), R,0 (<1%). DAt sét ding sin xudt clinke XMP yéu
cdu khong chita MgO, sunfat va ¢6 ham lugng kiém nhd.
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2.1.3 - Cac loai phu gia khic

Trong cOng nghiép sin xudt XMP, ngoii nhifng nguyén liéu chinh 13
d4 v6i v dat sér, con ding cdc loai phu gia khdc pha vio khi nghién
clinke. Viéc sir dung phy gia trong ¢6ng nghiép sdn xudt xi mang portland
c6 ¥ nghia rit I6n v& mit k¥ thuat ciing nhu vé hidu qua Kinh t&.

» Phuy gia diéu chinh:

Clinke XMP nghién min ¢é t5c do ninh k€1, déng rin rit nhanh khi
ti€n hanh hydrat héa, diéu d6 s& khdng bdo dim thdi gian thi céng trong
xdy dyng, nhu d3 bé tdng, xiy, trat... D& diéu chinh 8¢ d ninh két cla
XMP thudng pha vio clinke XMP khi nghién min mét ham lugng thich
hop cdc loai phu gia diéu chinh: thach cao, CaCly, NaCl... phd bi&n nhi' ta
diing CaS0,.2H.0 vdi ham lugng tinh theo SO; < 3,5%.

¢ Phu gia thuiy hoat tinh:

Phu gia thiy li nhitng chit khi nghién min trén vdi véi cho ta nhimng
sdn phdm c6 kha ning déng rin v bén nudc; con khi pha vao clinke XMP
vdi him lugng nhat dinh, sé k&t hop véi vHi tr do va Ca(OH), (sdn phim
thiily phdn clia cdc khodng clinke XMP trong qud trinh déng rin), tao thinh
sin phim hydrat méi ¢6 tinh bén nudc, déng thdi ning cao tinh bén nirdc
clla XMP. Ngoai ra, con lam tdng sin lugng cia XMP, ha gid thinh sdn
phim.

Phu gia thiy hoat tinh tdn tai duéi 2 dang:
- Phuy gia thiy thién nhién:

La nhifng toai nham thach trim tich ho#c nham thach phtin xuit nhr;
puzoland, diatomit, trepen, opoka...

- Phy gia thoy nhén tao:

LA nhitng phé liéu cha cong nghiép nhu: xi 1& cao hoat héa, xi tro
nhién liéu, ph& liéu cong nghiép phen nhom, dat sét nung... Thanh phin
héa hoc clia cdc loai phu gia thiy rén, chii y&u I3 cdc oxyt Si0O; va ALO;
& dang v6 dinh hinh v mdt lugng nwdce lién k&€t héa hoc.

Do hoat tinh clia phu gia thily cang cao khi ham lugng cic oxyt v
dinh hinh cang cao. C4c loai phu gia thiiy trén khi sif dung, cé thé nghién
min ddng thdi vdi clinke, hodc nghién min pha tron vao xi ming Portland
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theo ty i¢ xdc dinh, nhim bdo ddm cdc dic tinh k¥ thuat cda xi ming,
dong th¥i ting gid tri kinh t&€ ca sin phim.
* Phy gia ludi (phy gia diy):

Phy gia ludi pha vao clinke XMP khi nghién min vgi | ty 1& cho
phép, chi nhdam muc dich ting sdn lugng va ha gid thash sin phdm. Pha
phu gia ludi vao clinke XMP cin khdng ch& chat ché ty 1& ham lugng, néu
khdng dan d€n ha thap chit lugng san pham rit nhiu. Cac loai phy gia
lugi thudng dudc si dyng nhy dd véi, cat, dit sét.

¢ Phy gia bio gquan:

XMP khi chita trong sild, hodc bdo quin trong kho thudng dé& dang
hit 4m va khi CO, trong khéng khi, xdy ra phan ttng hydrat héa va
cacbonat héa cuc bg trude khi sit dung, am gidm chat lugng clia XMP.

D& khic phyc hién wong trén, khi eghién clinke thudng duge pha
thém mét lugng nhd phu gia bdo quan, nhu dau lac hoic cic loai ddu thuc
vat khéac... Cdc loai phu gia ndy c¢6 kha ning tao mdt mang moéng xung
quanh hat xi ming, 1am gidm khd niang hydrat héa va cacbonat héa trong
thdi gian bdo quan,

2.2 - NHIEN LIEU

Nhi€n li¢u diung cho & nung clinke XMP c¢6 thé 1a nhién lidu rdn,
nhién li¢u téng hodc nhién liéu khi. Mudn bio dam niing suit 16 cao cin
phdi cung cdp day d0 nhién liéu cho 16 d€ dat duge nhiet db yéu ciu,
muén viy nhién liéu cin phii bdo ddm cdc tinh ning k¥ thuit sau:

~ Nhién li¢u ¢ nhiét ning cao.
- Ham lugng tro nhd nhit
- Hiéu quéa kinh t& cao

Trong cdc loai nhién li€u trén, nhién liéu khi si dung cho 1& nung
thich hgfp nhit, vi ¢ nhiét ning cao, khéng c6 tro nhién liéu 1in vio.

2.2.1. Nhién lig¢u rin

Nhién liéu rin ding sdn xudt clinke XMP 12 than dd. Yéu cdu than
d4 diing cho 16 quay: than phdi ¢6 chit bdc cao, tao dugc ngon Iifa dii, tro
nhién lidu it, thudng st dung than d4:

- Nhiét ning = 5500 kealkg
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- Chat bée 20 - 30%
- Ham lugng tro 10 - 20%

N&u than khdng dat dugc mot trong cdc tinh ning k§ thuit trén, phai
phSi hgp hai hay nhidu loai than, dé tao hdn hdp than min bdo dim cdc
tinh nding k¥ thudt theo yéu cau.

Than ding cho 16 quay phii sdy khd v nghién min, yéu ciu d6
min 8-12%, tinh theo lugng con lai rén sing N 009 va ham im clia than

min W £ 3%. Bé min cda than con phy thudc vio ham lugng tro va chat

bdc. Than ¢ tro it, chdt b&c nhidu, thugng nghién thé hon than ¢6 tro
nhiéu chit béc it.

2.2.2 - Nhién li¢u khi

Khi thién nhién dugce khai thdc tir cic md. Khi dét thudng 1a nhifng
hgp chat cia cdc loai carbua hydro hitu han khdc nhau, chd y&u 13 khi

metan, ngodi ra con chita 1 s6 loai khi khdc nhyv etan, propan, butan,
pentan va mot lugng nhd khi CO,, N»

Uu di€m cla Kkhi thién nhién diing cho 16 quay nung clinke XMP I
thudn tién va hi¢u qua kinh (€ cao, clinke sau khi nung khéng 1dn tro nhién
li€u, trude khi s dung khdng ¢dn qua cdc khiu gia cong, gan loc.

Bang 2.9: Thanh phén va tinh chi't cia mot s& loai khi thién nhién

Sa Thinh phin khi khd % QHp Ti
T} CH| CHe| CHy| ClHio| CiH| €O | Ny [ HS | oy trong
kg/m’
1 03,2 44 0,8 0.6 0,3 0,1 0,8 - 8530 0,800
2 85,01 3.1 1,0 0,4 G, 0.1 9.4 - 7970 0.804
3 98 0.3 0,1 0,1 - 63 1,2 - 8950 0,800
4 77,1 45 1.7 0.8 0,6 0,2 135 1 3080 0,889
5 51 6,0 8,0 4,0 0,3 0,7 30 - 8230 1,108

2.2.3 - Nhién liéu 16ng

Nhién li¢u long dudc sit dung cho 15 nung clinke XMP & dang
mazut. Mazut thu dudc tir sén phim sau khi chung cit ddu 1ira. Mazut ciing
12 mét loai nhién li¢u 6t ding cho 18 quay nung clinke XMP.,
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Uu di€m cha mazut [a it tap chit, hAm ldng tro = Q,1- 0,3%,
W = | - 4%. Nhiét niing khd cac > 8000 kcal/kg.

Mazut dugc phin loai dua vao ham lugng hvu huynh:

Mazut it lvu huynh: S tf)?ng < 0,5%

Mazut ¢6 S trung binh; S tdng 0.5- 1%

Mazut nhiéu S: Sténg | - 3%

Mazut con duge phin loai theo mic dura vao 46 nhét va nhigt do.

Bang 2.10: Bang phin loai mazut

Céc théng sa Mac ciia mazut
DS nhdt & 80°C [d6) 255|058 | 811 [ 11-13} 13-15,5
Nhiét do dong dic [°C) +5 +10 +15 | +20 +25
biéu kién bdc chdy [°C} 80 100 | 110 | 120 125
Trong ludng riéng & 0°C [g/em’] | 0961 | 0,992 1,080| 1,058} 0,962
Trong lwgng riéng 100°Cig/em’] | 0,905 | 0,938 0,962 [,018| 0.900

Mazut Ia loai vat lidu khong ning, y = 0,9-1,06 giem®. Trong mazut
¢6 chita mdt s6 chdt khdng hoa tan. Mazut triSe khi phun vao 1d nung cin
qua qud trinh gia cong:

» D6t néng mazut chit y&u d€ gidm dd nhdt, vin chuyén trong duding
&ng va phun duge dé dang.

» Pua vao thiét bi gan loc, d€ loai bd tap chit trdnh tic dng va voi
phun.

Nhudc diém:
= Khong thuiin tién khi vin chuyén, chia dyng bdo qudn.

» Trong qui trinh bdo quin, tap chit c6 thé tang cao c6 khi 18i 2,5%,
ham &m ting 5 - 10%.

23 . TINH TOAN PHOI LIEU SAN XUAT CLINKE XI MANG
PORTIAND

Cé nhiéu phudng phdp tinh todn:

- Phucng phép todn hoc: dya vdo cic hé s8 co bin KN, p, n va
thanh phin héa hoc clia nguyén li¢u.
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- Phuong phdp d6 thi
- Phudng phdap hiéu chinh v.v...

Muc dich cia viéc tinh todn phéi liéu 13 xdc dinh ty 1& pha trdn giita
cdc ciu tf nguyén lidu, bio ddm clinke dat chat lugng ding yéu cau.

Cd sd tinh todn phdi Héu cha phudng phap nay, 1a dua vio cdc hé s&
¢d ban KN, p, n v thanh phin héa hoc cha cdc ciu tl nguyén liéu da
dudgc phin tich.

2.3.1 - Nguyén tic tinh todn

2.3.1.1 - Tt yéu chu chat Wdgng clinke ma dinh cdc hé sd KN,
p, N
S8 Iwgng cdc cau tf (n) bao gid ciing Idn hon s8 cdc hé s (n- 1), cu
thé nhir sau:
- N&u tinh phdi liéu 2 cdu ti thi sif dung mdt hé s8: KN
- Né&u tinh phéi liéu 3 c&u uir thi st dung hai hé s8: KN, p hoic KN

Vi n.

- Né&u tinh phdi liéu 4 cAu tif thi st dung ba hé s6: KN, pva n.

2.3.1.2 - Chon céc cdu tf phy

Né&u phsi liéu 2 cau tff thi bao gidf ciing sif dung 2 nguyén liéu chinh
1a dd v6i va dit séL

N&u phéi ligu 3 cdu t, th ngoai 2 nguyén liéu chinh 13 d4 vdi va
da't sét, con mdt nguyén lidu phy niva 12 quang sit hay diatomit.

N&u phdi ligu 4 cdu tir, thi bao gid ciing sit dung 2 nguyén liéu chinh
12 d4 voi, dat sét vd 2 nguyén lidu phy nifa 13 quing st va trepen hay
diatomit, n€u céc ciu tr cé ham lugng oxyt sit hodc oxyt silic nhd.

Khi tinh todn gidi cdc phuong trinh todn hoc, mbi ciu u¥ nguyén liéu
chiém mot ty 1& nhit dinh (phin trim hay phén trong hwong), n€u mot
trong hai cAu tif phy khi gidi ra ¢d gid tri m, thi loai trir cdu tf phy dé,
xem nhu bai todn tinh phdi ligu khong cAn cdu tif phu dé.

2.3.1.3 - Tro nhién ligu.

Tro nhién liéu 13n vdo clinke XMP phu thude vao phudng phdp sin
xuét, loai 19, kich thudc 1d...
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» D&i vdi phudng phdp wdt 1o quay.

- NEu L/D = 30 - 50 1dn, ¢6 méc xich trao d8i nhiét, wo 1in vio
clinke 13 100%.

- N€u L/D < 30 lan c6 xich trao ddi rhiét, tro 1in vao Ia 80%,
khdng c6 xich trao d3i nhiét tro 13n vao clinke 11 60%.

- V4i1d quay c6 thi€t bi cd dac buin (bSc hai §m), tro Hn vio 70%
> D& v6i phudng phép khi 10 quay.

- Loai kiong ¢6 thi€t bi tdn dung nhi&t khi thdi, tro 13n vao clinke
14 30 - 40%,

- Loai c6 thi€t bi tin dung nhiét khi thai, tro 1ir vio clinke 12 100%,
- Ludng tro nhién li¢u l4n vao clinke XMP dudc xdc dinh theo
cdng thifc: PxAXn
(=%
100 x 100

Trong d6, P: Lugng nhién ligu ti€u (&n riéng [%] (Litdng than cin nung
kg/kgcl); A: Him tugng tro ¢6 trong nhién liéu [%]; n: Ludng tro 1in vio
clinke so v8i tdng ham lugng tro ¢6 trong nhién ligu, phy thude vao loai
13, phugng phdp sdn xud't [%].

P& d& dang trong khi tinh todn qui dinh mét s8 ky hiéu sau:

Cfutd Si0; ALQO, Fe,0, Ca0
Caunr! Si A F, C,
Ciutlr2 S, A F, C,
Ciut 3 S, As F; Cs
Ciutk 4 84 Ay Fy C,
Hédn hgp phdi liéu Sy Ap Fo Cy
Clinke S A F C

2.3.2 - Trinh ty tinh todn
e Phin tich thinh phin héa hoc cla cdc nguyén liéu cin tinh todn :

N&u dng thanh phdn héa hoc ciia nguyén lidu chua 34 100% hay
Idn hon 100%, phii quy d8i vé& 100%.
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Né&u bai tinh phdi liéu khéng ¢6 1dn tro nhién lidu, thi sau khi qui d&i
v€ 100%, bit ddu ti€n hanh tinh theo cong thifc hudng dan.

Néu bai tinh phdi Hi&u ¢ tro nhién ligu 1in vao, sau khi qui d&i vé
100%, 1ai ti€p tuc tinh chuyén tif nguyén liéu chua nung, sang thianh phin
héa hoc cha nguyén liéu di nung dé€ thudn Igi cho viéc tinh todn (nghia 12
trir di mat khi nung).

«An dinh cdc hé s6 co bdn KN, p, n (dua vao s& céc ciu t, vio chit
Iugng clinke XMP ma dinh gi4 tri cy thé)

e Thiét ldp cdc phuong trinh vi tién hanh tinh theo cic cOng thitc
huéng din.

e Tinh xong phdi ki€m tra lai cdc hé s8 da &n dinh ban diu, d€ sai s6
trong pham vi cho phép ( KN sai s6 0,005%: n va p sai s 0,05%).

» Tinh tharh phian khodng clinke, lugng pha 1dng trong clinke vi tit
phéi tidu.
2.3.3 - Tinh todn thee phudng thite cia KIND (CHLB Nga) [25]
2.3.3.1- Hg 2 cdlu ti¥ khdng 14n tro nhién lidu.
Quy ddi thanh phdn héa hoc cita cdc nguyén lidu vé 100%.

Chon s8 cdc hé s& cd ban vi 4n dinh gid tri cdc hé 8 dé
(KN = (1,85 - 0,95).

Thi€t 1dp cdc phudng trinh:

Cit | phin trong lwgng cau t{ thit hai cin phdi hap véi

Xo phiin trong lrgng cdu tl thit nht, ta ¢6 cdc bidu thive sau:

_XC +G
X, +1

_ XS, +5,
X, +1 (2)

C (1

4]

4]

— XOAI + A2

A
X, +1 (3)

4]

X F+FE
F — 0% 2
° X, +1 “
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«x = Co—(L65A, +0.35F,) .
2,88, ©)

Thay gid tn C,, S, A, F, 8 (1), (2), (3), (4) vao (5) va gidira ta c6:

(2,88, +1,65A, +0,35F,)—C,
C, —(2,85,KN +1,65A, +0,35F,)

a =

(6}

DEi ra k&t qua : X, phin trong lugng ciu 1 thit nhat
| phin trong lugng cdu tf thit hai

D3&i ra phdn trdm ta ¢6:

% Ciutd | = Xo x100 (%)
o+l

9% Cauttr 2=

<100 (%)

ot1

Ki€m tra lai hé s& KN, né€u sai s& trong khodng cho phép thi chdp
nhdn duge. Tinh thinh phin khodng, him litgng pha 1dng trong clinke va
tit phéi liéu.

* Tinh thinh phdn khodng cla clinke XMP.
- Khodng silicat :
%C,S = 3.8x(3KN - 2)xS
%C,S = 8,6x(1-KN)xS
~ Khodng néng chiy:
Khi p= AlLO, >0,64
Fe,O,

%C,AF = 3,04 xF

%C,A =2,65(A—0,64xF)

__AlLO,

Khi  p <0,64

Fe,O,

%C,AF =4,77x A
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%C,F =1, 7(F—1,57TxA)

Ciing c6 thé tinh thanh phin khodng cia clinke XMP theo cdc cdng

thifc sau:

- B&i vdi clinke XMP thudng: { p> 0,64 )
%C38 = 4,07C - 7,608 - 6,72A - 1 43F
%C5 = 2,878 -0,75C58
P C;A = 2,65A — 1,69F
GoC4AF = 3,04F

- B3i véi clinke XMP giau oxyt sit { p< 0,64 )
%Cs8 =4,07C - 7,605 —4,48A - 2 86F
GC,8 = 2878 -0,75C58
GoC AF = 4,77F
% C,F = 1,70F - 2,67A

* Ham lugng % CaSO, :
% CaS0, = 1,780,

* Ham lugng pha 1dng trong clinke:
L=1,12CA + 1,35 CLAF

* Tit ph&i lidu :
T = 1,785Ca0 + 2,09MgO

2.3.3.2 - Hé 3 cdu tit khéng lin tro nhién lidu.

- Qui d3i thanh phin héa hoc clia nguyén liéu vé& 100%
An dinh gi4 tri cdc hé s& KN, n hodc KN, p

- Thiét lap cdc phuong trinh tinh todn
Ctt 1 phén trong lugng cdv (¥ thi ba cin phoi hgp vdi

X, phin trong lugng ciu tf thd nhat va
Yo phin trong lugng cdu tdf thif hai, ta ¢6 ¢dc bidu thifc sau:
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o

Xo+ Yo+
F oo XF+YF +F 8)
[ I
X0+YO+I
5, = oS+ Y,S, + 8, ©
X0+Y0+l
A(,: XUAI+YOA2+A3 “0)
X0+ Y, +1
KN — o= (1L65A, + 0,35F,) an
2,85,
n= 3o
A, +F, (12)
Ao
p= F, (13)

Thay céc tri s8 clia C,, F,, A, S, & phudng trinh (7}, (8), (9), (10) vao
phuong trinh (11), (12) hodc (11), (13) s& ¢6:

Xol(2,85 KN +1,65A,+ 0,35F) - C,] +Yo[(2,85:KN +1,65A; + 0,35F,) - C,)

=C3 - (2,85;KN + 1,65A;+ 0,35F;) (14)
va Xo[n(Ai +F)-Si1+ Yoln(A, +Fy) - S21= S3-n(A; +F3)  (19)
hay  Xo(pFi - A;) + Y(pF; - Ay) = A, - pF; (15%)

Dit a; = (2,88 KN + 1,65A, +0,35F) - C,

by = (2,85;KN + [,65A; + 0,35F,) - C,
C3 - (2,85;KN + 1,65A; + 0,35F,)
;= (A, +F)-§,
b= n{A:+Fy) -5,
c:=8;-n(A + F3)

Il

Cy

hay a; = pF;- A,
b= pF; - A,
;= Ax- pF3
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Thay a,, ay, b, b», ¢, c; vao phudng trinh (14),(15), ta c6:
aX,+bY, =c

(16)
a,X, +b,Y, =c,
Gidi he phudng trinh (16) ta ¢6 X.,Y,, tinh ra phin trong ludng
¢b,—cb .
¢ = ————2L[Phén trong luong]
albz _bla2
a.c, —a,c .
Y, = ——=—2L [Phin uong lugng])
a,b, —bja,
B3&i X, Yo ra phin trdam ta cé:
BCHu 1= —0 X100 o
Xy + Y, + 1
. 1
BCFuny 2 = X100 o
X, +Y,+1
- ]
%ciuty 3= — 190 o
X, + Y, +1

Ki€m tra cic hé s6 KN, p, n.

Tinh thanh phin khodng, Iugng pha 16ng trong clinke, tit phéi lidu
nhu bai tinh hé hai ¢iu tir & trén.

2.3.3.3 - H¢ 4 cfiu o khéng lin tro nhién liéu.
* Qui d&i tharh phin héa hoc clia nguyén ligu v& 100%
o An dinh cfc hé 56 ¢d bin KN, p, n,
¢ Thi€t ldp cdc phuong trinh tinh
Cit 1 phin trong lugng cdu tif thit te ¢4n phéi hdp véi
X, phiin trong lugng ciu tlf thiy nhat va
Yo phin trong lugng c&u tir thit hai va
Zo phin trong lugng ciu tif thit ba, ta ¢6 cdc bidu thifc tinh todn sau:
o XoCHY,C, +2,C, +€,
° XotYo+Zg+1 (17)
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_ X,E +Y,E +ZF +F,

o X, + Y, +Z,+1 | (18)
5, = XS Y8, +7,8, +8,
X+ Y, +Z, +1 (19)
A, = XA +Y A +Z A+ A,
Xo+ Y, +2Z, +1 20)
kN = Co —(L65A, —0.35F,)
2,85, (21)
n= S,
Ay +F, 22
(23)

Thay tri s6 Ao, Fo, So, Co & phucng trinh (17), (18), (19), (20) vao
phudng trinh (21) va gidi ra ta ¢6:

X,[2.85,KN + 1,654, +0,35F, ) —C, ] + Y,{2.85,KN + 1.65A, + 0,35F,) - C, }
+Z,((2,85,KN + 1.65A, +0,35F,)—C,} = C, —(2,85,KN + 1,654, +0,35F,)

(24)
Thay tri s6 Ag, Fo, Sp & phutong trinh (18), (19), (20) vao (22) ta cé:
Xoln(A, + F)) - §]1+ Yoln(Ax+ F2) - S3] + Zs [n(As+ F3) - S5]
=84~ n{Aq+ Fy) (25)
Thay tri s& Aq, Fy & phong trinh (20}, (18} vao (23) ta c6:
Xo(pFi - A)) + YolpFa— A;) + Zo(pF3— A3) = A4 - pFis (26)
bit: a, = (2,85, KN+ 1,65A,+ 0,35F,) - C,
b= (2,85,KN + 1,65A;+ 0,35F,) - C;
c;= (2,85:KN + 1,65A;+ 0,35F,) - Cs
di= C; - (2,85,KN +1,65A, + 0,35F,)
as= n(A+F)-§
b= n(A;+Fy)- 5,
= n{As+F3)-S;
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dy=8S:- n(Ay+ Fy)
a;= pF,- A,
b:;= pF:- A;
c;=pFi- A
dy= A4- pF,
Ta ¢6 hé 3 phuong trinh bic nhitcé 3 An s6:
a,X, +bY, +c,Z, = d,
a,X, +b,Y, +¢, Z,=d, 27
a,X, +byY, +¢,Z, = d,

Gidi hé phuong trinh (27) ta ¢6 Xo, Yo, Zo, tinh ra phin trong lugng
_ d,(b.c, —byc,}—di(bye; —byc) ) +dy(bye, —bagy)

X, o [Phin trong Jugng]

Y, = a,(d.c, —d,c,) —a:(dlc;J—d}cl)—Hl}(d,c2 _dzc')[thm trong higng]
b,d, —b,d.)—a.(bd,—b.d,)— . —b, R

Zuza'( 2d; ~bydy) 2 2. (b, ;) )~ 3,0, b'd‘)[PhantrQnglLrQng]

D =a,(b.c, —b,c,)—a,(bc, ~b,c))+a,(bc,—b.c)
P8i Xo, Yo, Zo ra phin trim ta c6:

GCiutl 1= —te X100 o
X, +Y, +2Z, +1
%CHut 2= — 0x100 o
X, +Y, +Z, +1

% Cu tir 3= 20 X100
Xo+ Y, +2Zo+1

1100

%CEutl 4 =

X, +Y, +2,+1

Kiém tra cdc hé s6 KN, p, n. Tinh thinh phin khodng, lugng pha
18ng trong clinke, tit phéi liéu nhy bai tinh hé hai cdu ti¥ 3 trén.
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2.3.3.4 - H¢ hai, ba cau tif ¢é 14n tro nhién liéu.

e Qui d8i thanh phin hda hoc cla nguyén liéu va tro nhién liéu vé
100%.

¢ D&i thanh phin héa hoc clia nguyén liéu chua nung vé da nung (triy
di mat khi nung).

e« Andinh hé s& c¢d bin.
e Xdc dinh ham lugng tro ldn vio clirke theo cdng thifc:

_PxAxn
4= Toox100

(28)

a) Tinh phdi li¢u hé hai cau tf ¢6 1dn tro.
Ctt 100 phdn clinke (hay phdi liéu dd nung) thi ¢é :
X phin trim cAu tif thi nha't 3 nung
Y phan trim cdu tif thd hai d3 nung
g phén trim tro nhién liéu 14n vao
Ta thi€t ldp phudng trinh : X + Y + q = 100 (29)
C6 cic biéu thifc sau:
Co XC, +YC, +41,
X+Y +q
F=XF' + YE, +qgF, |
X+Y+g @1
XS, +YS, +g8,
X+Y+q (32)
_ XA +YA,+q
T X+Y+q
C—(1,65A +0,35F)
2,88

(30)

S=

A

(33)

KN =

(34)

Thay cdc tri s6 cfia C, F, A, S & phudng trinh (30)), (31), (32), (33)
vao phugng trinh (34) va gidi ra ta ¢6 phuong trinh bic nhat hai 4n s6
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a1 X +bY = ¢ (35)
biat a, = (2,85,KN + 1,65A, + 0,35F)) - C,
b = (2,85;KN+1,65A,+0,35F,)-C,
c1= [Cy- (2.85:KN + 1,65A,+ 0,35Fy)]q
Tir phudng trinh (29, 35), ¢6 hé 2 phudng trinh bic nhi't 2 4n 56:
a,X+bY = c

(36)
X+ Y=100-q

Trongdd: a;=by =1; ¢;=100-q
Gidi he phudng trinh (36) ta ¢6 X, Y tinh ra phdn %

X = ¢,b, —¢,b, (%]
a1b2 —b|a2

Y — alcz _aZCI [%]
ab,—bja,

DS phin rim X,Y 12 nguyén liéu da nung, v& nguyén lidu chua nung, ta
¢6: Trong d6 (MKN)X, (MKN)Y 14 luong ma't khi nung clia cdu t 1 va 2.

1
S X100 [Phan trong lugng]
100 —(MKN)X
1
0 = Y100 {Phin trong lugng]
100 — (MKN)Y
D3i X5,Y, ra phin trim.
BCAVLY 1 = OAPHAN On hing]
(Xo+ Yo)[Phan trong luigng]
BOEU 2 = YofPhan trong lugng]

(Xo+ Yo)[Phin trong lugng]

Kiém tra cdc hé s& KN, p, n.Tinh thanh phin khodng, ham lugng
pha 16ng cia clinke va tit phdi liéu, nhu c4c hé s6 khong 13n tro & trén.

b) Tinh phéi liéu hé 3 cau tf ¢ n tro.
Cif 100 phdn clinke (hay phéi liéu di nung) ta ¢6 :
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X phan trim cAu 1t thit nhdt di nung
Y phin trdm cdu tf thit hai dd nung
Z phin trim cdu tif thit ba di nung

q phdn trim tro nhién liéu 1an vao
Thi&t lap phuong trinh : X + Y + Z + q = 100 (37)
Ta ¢6 céc biéu thifc sau :

o XC +YC, +7C, + g

(38)
X+Y +Z+q
F:XE+YE+ZE+qE 39)
X+Y+2Z2+q
S=)(S,-i—‘(SZ-i-ZS3-i~qS4 @0)
X+Y+Z+qg
" XA +YA,+7ZA,+gA
A= 1 2 3 G 4 (41)
X+Y+Z+q
C—~(1,65A +0,35F)
KN =
2,85 42
n=—>_,
A+F (43)
A
Ha = (44)
Yy P F

Thay céc tri sd ctia C, F, A, S 8 phuong trinh (38}, (39), (40), (41) vao
phudng trinh (42), (43) va gidirata s& c6 hé 3 phuong trinh bac nhilt chifa
3 4n s8:
a,X+b,Y +cZ =100-q
a,X+b,Y+ ¢,Z =d, (45)
a,X+b,Y+ c,Z = d,
Trongdé a,=by=¢ =1;d,=100-q
Bt a, = (2,85,KN + 1,65A, + 0,35F) - C,
by, = (2,85;KN + 1,65A,+ 0,35F,) - C;
c; = (2,85;KN + 1,65A,+ 0,35Fy) - C;
d; = [C, - (2,854KN + 1,65A, + 0,35F4)]q
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a;= n{A,;+F))-§,
bi= n{A+F) - S,
ci= nfAs+ F3) - S,
ds= [S4- n(As+ Fiy)lq
Gidi hé phuong trinh (45) ta ¢, tinh ra phin %

_ d,(c;b, —c¢,by)—d,(bc, —bye 3 +d;(bc,—b,¢))

X D [%]
Y~ a,(d,c,—dc,)—a,(dc, —d,c,)+a,(dc, —d,c,) (%]
D
a,(b,d;—b,d,)—a,(bd, —b,d,)+a,(b,d, —d,b,))
Z= D [%]

D = a;(bycs - bsca) - ag(bics- bacy) + as(bicy - bcy)

D&i phan trim X, Y, Z 13 nguyén Héu di nung, chuyén vé nguyén
ligu chua nung, nhu bai tinh 2 ¢iu tf ¢6 1an tro.

Kiém tra cdc hé s8 KN, p, n.

Tinh thinh phin khodng, him lugng pha 1dng cla chinke vi tit phdi
liéu, nhir cdc hé s8 khong 14n tro & trén,
2.3.4 -Tinh todn theo phudng thife cta KUEHL (CHLB Byic) [18]

V& nguyén tdc tinh todn cd bdn tudng tur nhu phirang thite tinh todn
clia KIND (xem muc 2.3.1). Diéu khdc biét 1 dwa vao cdng thifc mife ¢d
bio hda voi cia KUEHL:

_ CaO
2,8510, +1,65A1,0, +0,35Fe, 0,

Phudng trinh trén duge dp dung cho clinke 1y tudng, nhung ddi vdi
clinke XMP trong diéu kién nung va 1am lanh trong 15 cdng nghiép, lugng
CaO cuc dai aé phdn g vdi cdc oxyt Si0,, Al Os, Fe,0; tao thanh cdc
silicat- aluminat- va alumoferitcalci- goi 13 hé s& voi tiéu chuan- ¢6 dang
phuong trinh (xem bang 2.6):

. 100Ca0
2,88i0, +1,1A1,0, +0,70Fe,0,
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P3&i v8i xi ming yéu ciu cudng do cao, hé 8 voi 1iéu chuidn nim
trong gidi han: KSt=95-100.

Phuong phdp tinh: Tinh cho hé 4 ciu (i khong 1an tro nhién ligu.
= Quy ddi thinh phan héa hoc cda nguyén liéu vé 100%

= Chon céc hé s6 ¢d ban va An dinh gid tri cdc hé s8. Vi hé 4 clu
tr, phdi chon KSt, n va p.

» Nguyén tic d€ tinh todn thanh phin cla mdi mdt nguyén liéu
trong h&n hgp phdi liéu, duge xdc dinh bang su chénh léch cdc gid tri cla
cdc hé s8 va modui di cho (KSt,n,p) cia mdi mot nguyén ligu ddi vadi hén
hop phdi liéu cdn sin xuit, nhe 46 xdc dinh dudce ti 1& hén hop phoi liéu
tgng ng.

D4 chénh léch clia hé s6 voi tidu chudn {(goi 1a dd chénh 1&ch thiy
Iue p):
KSt .
@ = Ca0 -—Eﬁ(l 8510, + LL1AL,0, +0,7F¢,0;)

P chénh 1éch ciia modul silicat (goi 13 dd chénh 1&ch silicat )
v = Si0, —n(ALO, +F¢,0;)

B chénh léch clia modul alumin {(goi 1a d chénh l&ch oxyt x):
y, = Al,O0, —PFe, 0,

P&i vdi mdi mdt nguyén lidu wong Tng vai dd chénh 1éch thily lyc,
silicat v oxyt riéng theo bing sau:

Bang 2.11: D6 chénh 1&ch thiy hyc, siticat v oxyt cla cdc nguyén li¢u

CAu tf nguyén liéu D5 chénh 1&ch thay lue, silicat va oxyt

CAu tir | —dd voi A1 X
Cau tir 2 - dat sét 21 ¥ X2
Cau it 3 - dd phén 23 %3 \3
Caiu tlr 4 — xi pyrit 21 e \a
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D5t vai hé 4 cAutlr
Ct 1 phan trong lugng ciu tif thif nbat (dd vdi-giau CaO)

Cin phdi hgp vdi x phin trong tugng c&u ¥ thi hai (dat sét-giau
AlLO3).

Cin phéi hop vdi y phin trong iudng ciu tir thi ba (d4 phin-giau
Sih).

Can ph&i hop v6i z phdn trong lugng cdu b the w (xi pyrit-gidu
I;CQ()_;)‘

D& tién tinh todn cin x4c dinh cic dai lugng phy trd A.. F:
A=/ (s
B={Ys00 _ (Yaxs)
C=(ng) _ (Far
D=(2dd_(£a¥s)
E={(2mY)_(patl)
F=(yave) (¥av2)

Lip phuong trinh tinh phin trong ludng cila dit sét (x), ciia d4 phén
gidu oxyt silic (y) va xi pyrit (z), nhitng phin trong hugng niy phéi liéu véi
I phan trong lugng dd véi tao nén hdn hop phéi ligu theo yéu cu:

_ P X0, +yoO,
Py

7=

Cin lyu ¥:

- Tudng ty nhu tinh cho hé 4 cau tir, viéc tinh hdn hgp phdi ligu cho
hé 2 hay 3 cdu tif, s§ nguyén lidu s dung ludn 16n hon s& cdc hé s va
modul cho trude. Vi du s6 nguyén liéu si dung 13 3, chon s6 hé s& va
modul 1 2 (KSt va n hojc KSt va p).



- Cén dé ¥ ham lugng tro 1in vao phoi liéu khi sif dung nhién liéu

rin nung clinke XMP.
Bai tinh vi du:

Cén sin xudt mot loai clinke XMP tit 4 nguyén liéu: dd voi, ddt sét,
d4 phan gidu oxyt silic va xi pyrit. Thanh phin héa hoc cha cdc nguyén
tiéu trén dudce phin tich trén bing 2.12. Clinke XMP cn sdn xudt tuong
fng vi KSt=98, n=25vip=1,.

Bang 2.12 :Thanh phan hdéa hoc cia nguyén liéu

CAu tir nguyén liéu | CaO Si0;, AlLO4 Fe,0,
CAutlr 1 —da voi 50,32 6,78 0,79 0,36
Cau tir 2 — dat sét 1,82 51,08 20,52 7,12
CAu tit 3 — dd phan | 40,14 21,07 1,60 0,714
Ciuth4—xipyrit | 1,05 1381 344 | 7308

Bai gidi:
Tir cdc phudng trinh dd néu & trén, tinh dé ché&nh 1&ch thiy luc (),
d6 chénh I&ch silicat (1) v do chénh léch oxyt (v) cho mbi mdt nguyén
liu. Cdc gid tri tinh todn dudc nhu sau:

2= 30,6171 Yy = 3.90 Y1 = 025
£3=-1653484 Y, = - 18,02 y2 = 9.84
23y= -19,9085 Yy= 15,22 Y3 = 0,49
4= -90,6858 iy =-177,49 Ye =-106,18

Tinh todn gid tri cdc dai lugng phu trg A-F
A= (¥ (pa) = -5080,5545
B = (13X _(Fa ) = -1529,0895
C=( i xa_(Yax) = -369,7295
D = (3¢ (£abs) = 4913,7976
E=(pafa)_(#af) = 277135294
F=(2va)_($axz) = 36598652
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K&t qua tinh dudgc x phin trong lvgng d4t sét, y phan trong lugng d4
phin gidu oxyt silic v z phin trong ludng xi pyrit, nhitng phan wén két
hgp v6i mdt phdn trong lugng d4 véi tao thinh hdn hdp phéi lidu theo yéu

cau:

_AB-CD

x = 2272 g 1588
EB—FD
A+ x
y=—BFXE 383
D
L@ TXO, YO,
0,

= 0,0177

Bang 2.13: Thanh phin héa hoc clia hdn hgp phdi ligu

1,000 phan phdiliéu

Nguyén vit liéu CaO 510, | ALO; | Fe 0,
1,0000 phin d4 voi 50,32 6,78 0,79 0,36

(x) 0,1558 phin dat sét 0,2890 | 8,1115 | 3,2586 | 1,1307

(y) 0,1383 phfm da phé‘fn gidu Si0; 55514 29140 02213 | 00,1023

() 0,0177 phﬁn xi pyrite 00186 02444 | 00609 | 1,2935

1,3118 phin phdi liéu 56,1790 | 18,0499 | 43308 | 2,8865
42,83 13,76 3,30 2,20

Tinh h8n hgp phoi liéu gom 4 ciu 1t nguyén lidu, vdi KSt, n va p
cho trutdc, da cho gid tri dudng d&i véi x, y va z; didu dé 6 nghia 1a viéc
st dung cdc loai nguyén lidu dudi nhitng diéu kién tao thanh hdn hop phdi
lidu 12 phd hgp. Trén bing 3.13 gidi thidu cdc thanh phan tusng ng cla
dat sét (x), dd phan gidu SiO; (y), xi pyrit (z) v thanh phin héa hoc cla
h&n hdp phdi liéu bing cdch nhin x , y va z v&i thanh phin phin tich cla
nguyén liéu néu trén bang 2.12.

Biing cich tinh chuyén thanh phan i (d4 vdi), x, y va z thanh 100%,
ta nhin dugc thinh phin cla cdc nguyén liéu trong hén hgp phéi liéu (%):

76,06% Da voi
12,08% DAt sét

10,52% D4 phin gidu Si0,

1.34% Xi pyrit

100,00% Hdn hdp phdi liéu
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Bing cdch tinh chuyén thanh phin phan tich ciia hdn hdp phdi ligu
trén tong s8 95%, vi thanh phdn phy ¢6 trong clinke thudng chi€m 5%, nhu
MgO, ki€ém alkali..., s& cho thanh phin héa hoc cda clinke XMP:

21,05% oxyt silic
5,05% oxyt alumin
3,37% oxy1 sit
65,53% oxyt canxi
5,00% Chit con laitMgO._ alkali...)
100,00% Clinke

Tinh ki€m tra cic hé so va modul:

Vdi nhifng trj s0 trén cin tinh ki€m tra lai KSt, n vi p. Trong bai tap
vi du tén tinh kiém tra lai, ta nhan dugc: KSt = 98,02, n = 2,50 va
p = 1,50. Sai s cita cdc hé s6 v2 modul nim trong pham vi cho phép.
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Chuong 3

GIA CONG NGUYEN LIEU VA CHUAN BI HON
HOP PHOI LIEU SAN XUAT CLINKE XI MANG
PORTLAND

31 - CAC QUY TRINH CONG NGHE SAN XUAT XI MANG
PORTLAND

D& ti€n hanh gia cong nguyén lidu vi chudn bi hdn hgp phdi lidu
san xuidt clinke XMP, rvdc hét can phdi ndm viing cdc quy trinh cdng
nghé sdn xudt XMP.

Quy trinh cdng nghé sén xuidt XMP c6 thé phin thinh 3 giai doan ¢o
ban:

Giai doan 1: Gia cong nguyén liéu vi chuin bi hdn hgp phéi liéu.
Giai doan 2: Nung hdn hgp phdi liéu thanh clinke.
Giai doan 3: Nghién clinke va phu gia thinh XMP.

Qu4 trinh sdn xuft XMP dudc ti€n hanh theo 3 phudng phédp sdn
xudt cd bin:

* Sin xuit XMP theo phudng phép uét.
* Sin xuit XMP theo phudng phdp bin khé.
» Sdn xuid't XMP theo phudng phdp khé.

Su khic nhau chl y&u ciia 3 phudng phdp nim & giai doan 1 va 2
cia qué trinh sdn xudt XMP. Con giai doan 3, nghién clinke cbng vdi phu
gia thinh XMP cd bdn giéng nhau.

- Chufn bi hdn hgp phdi Liéu: Phéi lidu dudc ché tao & dang huyén
phil, dang bot hay dang vién, Thy thudc yéu ciu chat iudng sin phim, ma
cdc nguyén lidu dugce tinh todn va phéi trdn theo ty 1€ thich hdp.

- Nung hdn hgp phéi lidu: Hbn hop phdi ligu duge nung trong 1o

quay, 10 ditng, bing k& khdi... C6 thé néi k¥ thuat sdn xudt XMP chil yéu
dua trén cd 53 thiét b 1d nung.
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Lira chon phudng phédp thich hdp 14 mét trong nhitng vin dé gquan
trong, nd quyé&t dinh cdc chi tiéu kinh t& k¥ thuit cia mdt nha mdy. Co s&
cua viéc hira chon phuong phdp sdn xuit dua trén cic diéu kién sau:

~ Tinh chat 1 hoc va thanh phin héa hoc cha nguyén liéu (hAm &m
ty nhién, dd rin vit liéu, ham ludng kiém...).

~ Diéu kién cung cAp dién ning vi nhiét ning.
- Diéu kién trang thiét bi.

— biéu kién vé sinh cdng nghiép.

— Tinh chdt khi hiu, dia Iy ndi sdn xuit.

- Kha niing va quy md md rdng sin xut.

Ngodi ra, viéc lva chon phudng phdp sdn xuilt ciing cin phai xuit
phét tir hodn cdnh cu thé clia mdi nudc, khd nang titng dja phudng. Tuy
nhién, phii dat yéu ciu co bdn sau:

- Quy trinh sdn xudit don gidn, ning cao hiéu suit s& dung médy méc
thi&t bi,

- Ning cao sin lugng va chdt lugng sdn phdm, gi4 thinh sin phim
ha.

- Chi tiéu tiéu tén nhiét ning, dién ning vi nguyén vit liéu thip.
— C6 khd ning ning cao trinh d0 co khi héa va tw ddng héa.

— Pdm bdo vé sinh cong nghiép va an toan lao dong,

Cé nhiéu phudng phip sin xuit XMP:

- Phugng phdp udt

~ Phuong phdp khé

- Phuong phdp ban khé

- Nung clinke XMP trong 10 ding

— Nung clinke XMP trong 10 quay

- Nung clinke XMP trén bing két khéi...

Tuy nhién, vé nguyén li¢u, qud trinh héa 1y khi nung, sin phim cudi
cling va cdc tinh chil cd bin chia chiing ludn ludn giéng nhau, chiing chi
khdc nhau vé k¥ thuit clia phuong phdp sén xuat.
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Vdi di€u kién khoa hoc va k¥ thudt hién dai, viéc lva chon phuong
phdp sdn xufit ndo phdi dugc xét ky, toan dién. Tuy nhién, gitta céc
phuong phap sédn xudt ¢6 nhitng vu khuy&t diém ndi bat sau:

Bang 2.14: So sdnh hiéu qua cud cdc phuong phip san xuit XMP

Cic chi tidu Lo qualy phll.rdng L& quay phudng
phap udt phiap khd
Nhiét ning tiéu 16n riéng (kealfkg clinke) 1350 - 1600 700 - 1350
Pién niing tidu 16n riéng (kWh/Tclinke) 55 79 - 83
Tiéu hao vit liéu nghién (kg/tdn xi ming) 1,5-2,0 0,2-0,5
Tiéu hac vét liéu chiu It¥a (kg/tan clinke) 2.0-2.5 0,5-0.8
B3 ddng nhat phai licu TGt Thap hon
Chit lugng san phim Dim bdo Thip han
Dién tich sin xuil Ldn Nha
$6 lugng thiél b It Nhidu
Ning suat Thap Cao

Nhir di néu § trén, ¢6 3 phudng phdp cd bdn trong ¢céng nghé sin
xudt clinke XMP: Sidn xuit clinke XMP theo phudng phdp udt, phucng
phdp bdn khd va phudng phdp khé. C6 thé nung clinke XMP trong 1d quay,
1d ditng, hay trén bing két khéi...

& day, gisi thicu 2 quy trinh ¢bng nghé ¢o bdn san xudt clinke XMP:

+ Quy trinh cOng nghé sin xuit clinke XMP phudng phdp udt 1o
quay (hinh 2.9).

+ Quy trinh cdng nghé sin xvit clinke XMP phudng phip khd 1d
quay (hinh 2.10}.

» Pic trung clia quy trinh cong nghé sdn xuit clinke XMP theo
phuong phdp udt 1d quay: Hbn hop phéi liéu dude nghién udt rong mdy
nghi&n bi, thinh dang huyén phit (bin pite), ¢c6 him am cao w=36...42%.
Do nghién udt nén dé nghién min, phdi liéu dat d6 ddng nhit cao, nhiy d6
clinke ¢é thé dat chdt lugng t8t. Tuy nhién, do ham &m clia phdi lidu khd
cao, nén nhiét ning tiéu tén riéng trong qud trinh siy vi nung 1én (g=
1350...1600 kcal/kgel); ddng thdi do cdc qud trinh siy, dehydat cdc
khodng sét, decarbonat héa d4 vbi déu x3y ra trong 16 quay (chi€m
khodng 50...60% chiéu dai 1d), n&n chidu dai 1d 16n, chi€m nhiéu dién tich
mit biing sdn xu4t.
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» Dic trung cla quy irinh cdng nghé sin xuft clinke XMP theo
phudng phdp kho 16 quay: 116n hgp phéi li¢u dudc nghién khod thanh dang
bdt min, ¢6 ham &m w=0,5...1%. Do nghién khd, nén cin tidu 160 nhidy
dién ning cho qud trinh dip nghién. Tuy nhién, phudng phap khd 1d quay
¢6 nhirng wu di€m cd bdn: qud trinh trac d&i nhiét giita khi chdy vi phdi
liéu, xdy ra trong hé cyclon trao doi nhiét va trong thdp calciner, & trang
thdi Ig ling hodic dong xody, dat hiéu qud cao. Mat khic kha ning tin
dung nhiét clia khi thai t6i wu d€ sdy nghién phdi liéu, ciing nhv ting
cudng sir decarbonat hod cla d4 voi trong thdp calciner.

MO DA SET MO DA VOI PHU GlA BIEU
Mav xic nhidu giu Khoan 18, né min CHINH
A 4 L 4 h
KET CHUTA BUNKE CIITA KHO CHUA
PAT SET BA VOI )
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r
BUNKE CHUA
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TIEP LIEL
BANG

L4
BANG TAI
CHUNG +

l {Xem irang 1i¢p theo}
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Hinh 2.10: S0 d6 cdng nghé sdn xuit clinke XMP theo phurong phdp khd



Vi vy, gidm thip nhiét ning tiéu n riéng trong qud trinh nung tao
khodng clinke XMP (q = 700...1350 kcal/kgcl). Ngoai ra, chiéu dii cda 1o
nung duge rit ngdn hon nhiéu so vdi 15 guay nung clinke theo phudng
phdp udt.

Hién nay thé gidi dang trong thdi ky khiing hodng ning ludng; bén
canh d6 khoa hoc k§ thudt ngiy cang phdt trién, cho phép khic phuc
nhitng nhuge diém, dong thdi phat huy nhitng vu diém vugt trdi cda
phuong phdp khé 1o quay. Vi vay, xu th€ phat trién trén thé gidi 1a cdng
nghé sdn xuit XMP theo phudng phdp khd 16 quay.

3.2 - KHAI THAC VA VAN CHUYEN NGUYEN LIRU

Vigc khai thdc, gia cdng nguyén liéu va chudn bi hdn hgp phéi liéu,
dé sin xudt clinke XMP 12 mdt khiu quan trong trong quy trinh sin xuat,
dnh hudng rdt 16n d€n chdt lugng sin phdm. Mudn chit lugng sin phim
t6t, cAn ddm bio nhifng chi tiéu k§ thuit sau:

- Nguyén liéu cé di thanh phan hdéa hoc thich hgp

Hdn hgp phéi liéu dat d6 nghién min theo yéu ciu

Hdn hgp phdi liéu cé do ddng nhit cao

1

Hdn hdp phéi lidu ¢6 ham 4m thich hgp

- N&u hén hgp phdi liéu vho 1& & dang vién, vién phdi Kéu cin 6
hinh ddng va kich thudc yéu ciu.

Viéc khai thidc vi vin chuyén nguyén liéu dude thue hién qua cic
giai doan sau:

3.2.1 - Khai thdc vi vin chuyén d4 voi.

Mg d4 vdi hau hét tdn tai & dang 16 thién, rat hi€m khi khai thic &
md ngdm, vi viy viéc khai thdc d& dang thudn lgi. TruSc khi khai thic cdn
loai bé tap chit rén bé mit, nhitng via d4 dolomit nim xen trong md d4
voi.

Pé voi duge khai thic bing phirang phdp nd min, cit ting (khai thic
theo phin tdng hinh 2.11). Theo phuong phdp ndy, cdng trinh md dudc
phét trié€n 1dn Iugt tir trén xudng dudi, hét 18p ndy d&n 16p khdc. Sau d6,
diing xe 1ii thu gom, diing mdy xiic d8 1&n 6 t6, xe godng, hoic bing tai
(n€u nhd mdy dit gin ngi khai thdc), chuyén vé nhd mdy. Trong cbng
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nghiép hién dai, dd véi dudc khai thic va dap tai mé dat kich thudc yéu
ciu, sau d6 dugc van chuyén truc ti€p vé kho chifa biing bing tai.

Viéc van chuyén nguyén liéu vé nha mdy cé thé dung nhitng
phudng tién va thiét bi khdc nhau, thy thudc chii y&€u vao ning suit cia
nha mdy va khodng cdch tir cong trudng khai thic dén nha mdy. Tuy
nhién, can bio dim an toan lao dong va hé s& sif dung thi€t bi vin chuyén
tot nhat.

Hinh 2.11: Khai thdc d4 v6i theo phuong phip cdt ting.

1.Tang khai thdc; 2. Gia cOng d4 voi; 3. Van chuyén dd voi vé nha mdy

3.2.2 - Khai thic va van chuyén dit sét.

Trude khi khai thac cin loai bé nhitng 18p ddt mau, miin, sdi v.v...
M dt sét cé thé 1a 1 thién hodic ngdm trong 5% hay duéi nuéc. Tdy ciu
tao md di't sét ma sir dung cdc mdy va thi€t bi khai thac thich hgp:

- M4y xiic | gdu, mdy xiic nhiéu gdu, mdy gat.

- Tau cudc, thiét bi khai thic cd khi thiy luc.

- Né&u sdn xudt clinke XMP theo phuong phdp u6t, nén khai thic dat
sét bing thi€t bi cd khi thly luc, s& cho ning sudt cao va thich hgp nhat.
Nguyén tic 1am viéc 1a dung mdy phun nuéc ¢6 4p suit cao, phun vao cdc
via ddt sét, bi€n dit sét thanh bun 18ng, c6 do 4m 60 — 70%, sau dé6 bom
bin vao dudng dng din vé nha mdy. Phuong phdp nay chi 4p dung doi
vdi dat sét loai mém.
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Tuy thudc vao ning suit clia nhd mady va khodng cdch tir md dén
nha mdy, ma sl dung cdc thi€t bi vin chuyén thich hgp: 6 16, xe goong,
bing van chuyén v.v...

Hinh 2.12: Khai thdc ddt sét bing mdy xic nhidu giu
I- Gid gdu; 2- Bing xich mang gdu; 3- gdu xdc; 4- Cin treo; 5- Cdp treo

gid gdu; 6- Gidn d6i rong; 7- Bing tdi vin chuyén dat sét; 8- Budng mdy di
chuyén; 9- Pudng ray doc ting khai théc.

3.3 - GIA CONG NGUYEN LIEU
3.2.1 - Gia cOng da vbi

D4 v6i 12 nguyén li¢u rdn, sau khi khai thic d4 (n8 min) d4 thudng
¢6 kich thudce tir 600-1000mm. N&u dd vin ¢6 d >1000 mm thi tiép tuc nd
min mili cho d&€n khi ¢c6 d < 1000 mm. P4 v6i sau khi khai thdc cAn phai
dip so bd trong mdy dip ham dat kich thudc 150-300mm. Sau d6, chuyén
vaio mdy dip bida dat kich thuéc 5-25mm. Trong cbng nghé hién dai,
thudng dd dugc dip ddng thdi trong mdy dip bda va dip phin hdi
(hinh 2.13); kich thudc d4 tir 1000mm, sau khi ddp dat < 25mm. P4 véi sau
khi dip xong s& dudc chuyén vé kho chia ciing bing hé thong bing
chuyén; tir kho chita, d4 voi dugc chuyén dén cic thi€t bi nghién phdi liéu
d€ sin xudt clinke XMP.
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Hinh 2.13: M4y dip biia va dip phan hoi

1- Cita nap liéu; 2- R6 10; 3- Biia; 4- TAm va dip phdn hdi;
5 - Pe diu chinh kich thwdc dd; 6,7- Vit di€u chinh; 8- Khe thio lidu

3.3.2 - Gia cOng dit sét

D4t sét 12 loai nguyén liéu mém, viéc gia cong dat sét thy thudc vao
phuong phdp sdn xuit:

- S4n xudt theo phuong phdp #d( 10 quay: dit sét sau khi khai thic
duge dip nhd bing mdy c¢dn truc, san dé cho vio mdy bira biun, biin ra
khéi mdy c6 d6 4m 60 -70%, dugc dua vao bé chda, chuyén vio miy
nghién bi nghién u6t ciing véi dd véi.

- San xudt theo phuong phap kho 10 quay: dat sét sau khi khai thic
durde dip so bd, biing miy cdn truc hodc mdy thai dat, trude khi dia vao
mdy sy nghién lién hgp, sdy nghién chung vdi dd voi (dd &m trudc khi
vio mdy sdy nghién < 10%).

- San xudt theo phudng phap khd 10 difng: néu nguyén li¢u, nhién
lidu ¢6 d6 Am tu nhién cao, cin phdi qua thi€t bi sdy d&€n do dm yéu ciu,
trvde khi vio may nghién bi.
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Bang 2.14: Yéu ciu do im clia nguyén liéu trude khi vio mdy
nghién bi:

Tén nguyén liéu D6 dm ts nhién % B6 dm vio miy %
bi v6i 3-7 |
DAt sét 15-25 <10
Xiid cao 15-25 £2
Than 10-15 <2-3

3.4 - NGHIEEN MIN VA PI2U CHINH HON HGP PHO1 LIEU

Sau khi tinh todn, hdn hgp phdi liéu duge xdc dinh ty 18 thinh phin
cdc ciu (f thich hgp ; cling nhy nguyén liéu dudc gia cOng s bd ddm bio
cdc yéu clu ky thuie, tép tue duge dua qua cde thiét bi dinh lugng, D&
v8i sin xuit clinke XMP theo phudng phip khd 10 quay, dd voi va dat sét,
hai nguyén liéu chinh, cin dugc ddng nhi't so bd trong kho ddng nhit phéi
liéu ¢6-thi€t bi rdi d8 (hinh 2.14). H3n hop phdi lidu, cing vi phu gia
diéu chinh, ti€p tuc cho vio mdy sdy nghién bi lién hdp hoic mdy siy
nghién ditng con lin lién hgp nghién min; ddng thdi ting d& déng nhat clia
hén hap phoi liéu.

7
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Hinh 2.14: Kho ddng nhit ph&i lidu dd voi v dat sét vdi thit bi rdi dd

1-Kho ddng nhdt hinh tron; 2- Nguyén li¢u vdo; 3 - Bing 1di vdn chuyén;
4 - ThiCt b rdi 48 nguyén liéu; 5 - Thi€u bi cio, ddng nhi't phdi lidy; 6 - Bang i
vin chuyén; 7 - Phéi liéu chuyén dén may si'y nghién.

P& min clia hdn hgp phdi lidu ¢6 dnh hudng rit 16n d€n qud wrinh
nung luyén vi chdt lugng cia clinke. DS min ¢iia hdén hgp phdi liéu cing
cao, bé mat tiép xlic gilta cdc ciu tlf nguyén liéu cing 16n, qui trinh héa
1y khi nung x3y ra cing nhanh, chit ugng clinke cing cao.
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Qua nghién citu cho thay:

N&u do min clia phdi liéu : 5-8% tinh theo lugng con lai trén sang
4900 15/cm’. Ung v8i hé s6 KN = 0,87- 0,89; n = 2, xi ming c6 thé dat
mdc 300 - 400. Néu d6 min clia phor liéu: 5-8%, tinh theo lugng con lai
trén sang10.000 15/cm?’. Ung véi hé s6 KN = 0,9-0,95; n =2,5, xi mang co
thé dat médc 700 - 800.

Qud trinh nghién min, khudy trén va diéu chinh hdn hop phéi lidu,
tay thudc vao phuong phap sdn xudt cé quy trinh thich ung khdc nhau.

3.4.1 - Phudng phép wét 10 quay

Hon hgp phéi liéu sau khi nghién chung trong mdy nghién bi thanh
dung dich huyén phu (biin pite) véi W = 36 - 42%. M4y nghién bi ngoai
nhiém vu nghién min hdn hdp phéi liéu, cdn ¢6 nhiém vu khudy tron déu
ddng nha't hdn hgp phdi liéu (hinh 2.15). Sau d6 ph&i liéu dugc bom 1&n hé
théng si 16 diéu chinh (hinh 2.16), tai si 16 diéu chinh ¢6 nhiém vu kiém tra
va di€u chinh: do &m, thanh phin héa hoc va tit phdi li¢u, ddng thdi khuiy
tron biing khi nén, nhim chéng 1dng va dim bdo do ddng nhilt clia phﬁ]
li¢u, sau d6 bun dugc bom 1én bé dvy trit (hinh 2.17) va chuén bi cung cip
cho 16 nung.

Hinh 2.15 : Mdy nghién bi lién tuc nhiéu ngin, nghién u6t hén
hop phéi lidu

1-Than mdy nghién 7-Céc ghi ngian 12-Cita thdo vit liéu la
2-Ngéng truc nap liéu  8-Tdm 16t 13-Bd phén truyén dong
3-Ngdng truc thdo liéu  9-Bi dan 14-Cita thong khi
4,5-B¢ dd ngéng truc  10-Ngin théo liéu

6-Phéu nap liéu 11-Sang thiing quay
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Cau tao mdy nghién bi nhiéu ngin : thin mdy 1, hai ddu c¢6 2 ngéng
truc 2 va 3, tya trén 2 bé dd 4 va 5; dau mdy c6 phéu nap liéu 6, bén trong
mdy nghién dugc chia nhiéu ngin bdi cdc tAm ghi 7, trong vé mdy dudc
16t cdc tAm 16t 8, trong cdc ngan dudc dd bi dan 9 ¢6 kich thude khic nhau,
ngin dau nap bi c6 kich thudc 16n, tic dung 1én vat liéu luc dip 1a chi
y€u, cdc ngin sau nap bi dan c6 kich thuéc nhd hon, tic dung 1én vit liéu
Iyc dap va lyc mai. Cu6i mdy 1dp ngin thdo ligu 10, trong d6 c6 1ip dong
sang 11, cung quay theo vdi mdy nghién, nhim loai bd bi dan v3 hoic
nhirng vat li¢u la, theo cifa 12 thdo ra ngodi. Mdy nghién quay dudc nhd
hé truyén dong 13, phia trén ngin thio liéu c6 cita thong gi6 14.

Hinh 2.16: H¢ silo di€u chinh va b€ chita bun phdi liéu
A - Hg 4 silo diéu chinh ; B - BE chita bin phdi liéu

_f'] ,2 3
4
| - I? Vi 5
4 910 =1 6 7
¢
| ! { . | I ! [ 4
1
A H
2750 - .
| Al ML |
et -,ﬁ
8

Hinh 2.17 : B€ chita biin phéi liéu

1- Ong din cung cip bin; 2-Paling dién; 3- Ddm ciu truc; 4- Tru din teung tim;
5- Thing ti€p nhdn bin; 6- Try chinh tim; 7- DAm cu chay; 8- Cinh khudy;
9- Hop gidm t3c; 10- Pong co d€ di chuyén dam ciu chay: 11- Pong co dé quay
cdnh khudy.
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3.4.2 - Phuong phip khd 1o quay, phdi lidu vio 10 dang bat

1ién hdp phdi liéu duge nghién chung trong mdy nghién bi, hoic
may siy nghién bi lién hop thinh bot min. Pdng thdi may si’y nghién ciing
¢6 tic dung khudly tron.

Hinh 2.18: S¢ d& chuin bi hdn hgp phéi liéu clia hé mdy siy nghién bi

lién hdp.
1-Ti€p LiGu bing 5-Phin ly khong khi 9-Vit vin chuyén
2-Quat hit 6-Héi luu hat thd 10-Loc bui dién
3-Miy nghién bi 7-Hé cyclon (8 hgp 11-Quat hit
4-Béng co 8-Quat hit 12-Thap phun sudng

Khi bdt phdi ligu ra khdi mdy sdy nghién bi lén hyp, phdi liéu dudc
dua 1&n hé thdng silo diéu chinh: diéu chinh do &m, thanh phin héa hoc va
tit cha phdi liéu; ddng thadi bdo dAm d9 ddng nhit cia phdi liéu. Sau do
chuyén sang hé théng sito chifa, tir d6 cung cdp cho hé cyclon trao déi
nhiét. HAm #m cla bdt phdi liéu: W =0,5- 1%.

Trén hinh 2.18, 13 sd d& cong nghé hé mdy sdy nghien bi lién hgp,
chudn bi hdn hgp phéi lieu theo phudng phdp khd 10 quay. Nguyén vit
lidu tir cdc bunke chira dugc dinh lugng biing tiép lidu bing, chuyén xudng
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bing tai chung 1, khong khi néng tir cyclon trao ddi nhiét nhd quat gié 2,
hén hgp vat liéu ciing khong khi néng di vao mdy nghién bi 3, nguyén vat
lieu dudc sdy va nghién min dong thdi trong mdy nghién bi. Trén
hinh 2.19 1a sd dd nguyén ly lam viéc clia may sy nghién bi lién hgp.

Hinh 2.19 : Sd dé nguyén Iy 1am viéc clla mdy s’y nghién bi lién hgp

1-Khi néng 4-Tam ghi ning 6-Dong khi néng hdn hgp
2-Phéu nap liéu 5-Bi dan vdi phoi liéu nghién
3-Thin indy nghién 7-Bédnh ring truyén dong

1- Ong din vit liéu vao

2-Ong din vit li¢u min ra

3—6ng din vt liéu tho ra
4-TAm chidn hinh nén
5-Truc dinh vi tim chin
6-Cdnh dinh hvdng
7-Ving phin Iyl

8-Ving phdanly 2 §
9-Vit diéu chinh cdnh dinh hudéng

Hinh 2.20 : Thi€t bi phan ly khong khi loai di qua.
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Ho6n hop khong khi néng va phdi liéu di dugc nghién min, nhd quat
hat 8 di 1én thi€t bi phan Iy khong khi S (hinh 2.20). Tai thi€t bi phan ly
khong khi nhitng hat to dudc phin loai, nhd vit vin chuyén 6 chuyén vé
mdy nghién bi nghién lai. Nhitng hat dat kich thuc yéu cdu, di vao hé
cyclon t6 hgp 7 dugc thu hdi lai. Nhd vit vin chuyén 9 chuyén dén bom
khi nén, tir d6 s& dugc chuyén dén silo diéu chinh va ddng nhi't phéi liéu
(hinh 2.21). H6n hgp khéng khi va bui nhd quat hit di vao loc bui dién 10,
bui dudc thu hdi.

1-Thi€t bi nap liéu phin
ph(“;i song sopg

2 - Nhitng 16p phdi liéu

3- Dang phéu do phdi liéu
tao ra

4- Hinh nén trung tim

£

5- Cita diéu chinh

6-Pdy thong khi hinh tron

7-Phéu chita

8- Ctra diéu chinh

- 08 Dk A

Hinh 2.21: Silo diéu chinh va ddng nha't phdi liéu
3.4.3 -Phudng phdp bdn khd 10 quay, phéi li¢u vao 16 dang vién
Bot phdi liéu sau khi dd dugc nghién min trong mdy si’y nghién lién
hgp, (chudn bi phdi liéu nhu phuong phdp kh6) dim bido cic yéu ciu ky
thuit, dudc dua sang thi€t bi 1am 4m, tao vién phdi liéu (hinh 2.22). Phdi
lieu dang vién dugc dd tryc ti€p xudng bing xich calcinator ctia 15 quay
nung clinke XMP. Vién phéi liéu cin dat cdc yéu cau ky thuit sau:
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e DO dm vién phdi liéu trude khi vao 16;: D6 4m cang nhd cing tat,
vi gidm dudc nhigt lugng d€ bSc hoi £m, ning suit 1d cao. NEu do £m qué
nhd, khong dim bdo d6 bén clia vién phéi liéu d& v8 thanh bbt, dnh hudng
dén qud trinh nung luyén vd ning suit ®. D6 &m thich hop nhit
W =12-16%.

e D¢ bén vién phdi liéu: Phii ddm bic cudng dd > 0,5kG/em’ 6 thé
ting dd bén biing cdch pha thém chi't héa d&o rhur: aluminic, sulphonic. ..,
khong dnh hudng d&n tinh chilt cia clinke XMP.

¢ D¢ x6p cla vién phéi liéu: N&u d§ x8p nhd, vién phdi lidu c6 d6
bén t6t, nhung sv chdy xdy ra trong vién phéi liéu trd nén khé khin, c6
th€ chdy khéng hoan toan, dnh hudng d&€n ning suit 1d vi chil Iugng
clinke.

e Kich thudc vién phéi liéu: C6 dnh hudng tryc ti€p d&n qué trinh
g s =
nung va chit lugng san pham :

- N&u vién phdi liéu 16n: Nung 14y, qud trinh chdy xay ra khong
hodn toan, dé bi s8ng, nh hudng dén ning suit vd chit ludng clinke.

- N€u vién phdi liéu nhé qua: Anh hudng dén thong gi6 cia 1 va sif

vin chuyén nguyén Héu trong 0. Kich thude thich hgp clia vién ph6i
liéu :10 - 20mm.

hy

Hinh 2.22 : S¢ dé mdy v& vién kifu dia quay

1- Bia quay; 2- Vanh ring; 3- s} truc quay: 4- Truc nghiéng; 5- Bdng ¢g; 6- BS
truyén déng; 7- V6 ling diéu chinh géc nghiéng; 8- Khung nghiéng; 9- Voi phun
nudc va gidn chdi quét
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Chuong 4

QUA TRINH NUNG LUYEN CLINKE XI MANG
PORTLAND

4.1 - HOA LY QUA TRINH NUNG LUYEN CLINKE XI MANG
PORTLAND

Clinke XMP duge sidn xudl bang cich nung d&n k&t kh&i, hdn hdp
phdi tiéu nghién min gdm nhiéu cfu t&. Trong qud trinh nung néng hay
lam lanh clinke, déu xdy ra qud trinh 1Y hoc v qud trinh hod hoc. Cic qui
trinh nay khéng thé tich rdi mdt cdch rd ring mi né xay ra ndi ti€p nhau
hoac déng thdsi. Tuy nhién chiing ta ¢é thé tam chia thanh cdc qud trinh
riéng ré nhu sau:

- SAy hdn hop phéi licu (mit nude Iy hoc) — z0n sdy.

- Dchydrat hod khodng sé1 (mi't nudc hod hoc) — zén d6t néng.

S phan huy CaCQ; va MgCO; (decarbonat héa) — zon phiin huy.

1

Phan ng trong pha rin (phdn ng tod nhiét) - z&n tod nhiét.

Phdn ng khi ¢ mit pha néng chiy (phdn ng k&t kh&i) — z6n két
khéi,

- Qud trinh k&1 tinh khi 1am lanh — z6n tam lanh.

Ddng hoc phdn ing cla timg qud trinh riéng & d6, cin phdi dugc
tinh todn khdng ch& mdt cich chat ché, nhim didm bo ning lugng tidu Sn
thip nhit cho phép, phdn (ng xdy ra hodn todn véi thdi gian ngdn nhit,
ning sudt va chit lugng sin pham 5t nhit. Vi viy ching ta cin di siu
nghién cfu tirmg qué trinh s1éng ré& do.

4.1.1 - $ay hdn hyp phoi lidu.

Trong qué trinh ndy, dudi nhirng diéu ki¢n dp sudt va nhiét dd nhét
dinh, mdt lugng 1dn nudc 1y hoc cda hén hep phdi liéu bi bSc hoi. DS vdi
nguyén liéu dang biin (pite) him am w = 36-42%. V3i nguyén liéu dang
vién w = 12-16%. V§i nguyén li¢u dang bt min w = 0,5-1%. Nhigt d6 cla
ph&i liéu trong qud trinh sd'y khodng 200°C.

4.1.2 - Dehydrat hos cdc khodng sét.

Cdc khodng sét tdn tai dudi nhitng dang chinh sau:
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Kaolinit:  Al;O03.2510,.2H,O — Aly[S51,0,0][OH]g

it (Mica} : (K;0,H,0).3A1,0;.6510,.2H,0 - K: Al LALS1,02]{OH]4
Montomorillonit:  2[AL0;48i10;. HoQnH,0 - Aly[S513050][OH),.nHO
Clorit: 10(Mg,Fe)0.2A1,0;.6510,.8H,0-(Mg,Fe e, (Al Fe)2pSiy,,016.[OHls

Cau tff dit sét diung d€ san xudt clinke XMP phin i6n & hdn hop
cila nhiéu khodng khdc¢ nhau, trong d6 chli y€u 12 khodng sét. Vi du nha
mdy xi ming Ha Tién 2 ngoai khodng kaolinit cdn pha khodng quatz, dit
laterite...

Trong qud trinh nung, khi nhi&t do clia hén hgp phéi lidu ting din
trong pham vi tr 100-250°C, s& xdy ra sy tdch nudc hip thu cla cdc
khodng sét. Ti&p theo, khi nhiét do ting din trong pham vi 250-1000°C, s&
xdy ra su dehydrat hod (mit nude lién k€t hod hoc) cla cdc khodng sét
khéi mang 1udi tinh thé cla ching; ddng thdi ¢6 su bidn ddi cdu tric mang
ludi tinh thé. Qua trinh bién d&i nhiét dong clia cdc khodng, phu thudc rit
nhiéu vao ham lygng cdc khodng trong hdn hop phdi lidu, trang thdi trdt ty
clia mang tinh thé, kich thude hat, do sit dic cla cdc khodng, kha ning
dAn nhiét, dp sudt khi clia moi trudng... Pham vi nhiét d6 clia sy bién doi
nhiét dong cla cdc loat khodng sét duge néu trén bing 2.15.

Bang 2.15: Sy bién ddi nhiét ddng céc khodng sét, pham vi nhiét dd
dén 1000°C [26)

Him Bi¢'n ddi nhiét ddng 3 nhiét 46 Hdp chdl mdi
. . lwgng khdc nhau fao thanh d&n
Cic loai ; o
nude i .. 1000°C
. . Tidch | Dehydrat | Trang thdi
khodang sét % - . ~ e
nude hipl  hod vO dinh
thu hinh
Kaolinit =14 100-200 | 500-700 | 700-950 v-k+M
Itlit <20 |100-200 | 400-650 | 850-900 1> a-k-T+KAS,
Montmorillonit | <25 100-200 | 450-750 | 750-950 M+Q+C
Clorit <14  |100-200 | 500-750) | 750-900 0+8

M:Mulit, O:Olivin, T: Tridimit, S:Spinecl, Q:Quarz, C:Cristobalit, K:Korun,
KAS6-K,0. ALO:.65i0,.

Trén hinh 2.23, biéu din cdc dudng hiéu dng nhiét (DTA) va dudng
mit trong lugng (TG) tuong ing clia cdc khodng.



Mk trong luong

Nhiét 03
Hinh 2.23: Hi¢u (fng nhiét (DTA) va mit trong lugng (TG) ciia cdc khodng

1/ Kaolinit;  2/11it1; 3/ Montmorillonit; 4/ Clorit.

Trong hdn hgp phdi liu, qua trinh bi€n d8i nhiét dong xdy ra &
nhiét d tuong dGi thdp hon, so v4i qud trinh bi€n d8i nhiét déng trong cic
khodng sét nguyén chit. Nguyén nhin [a do cdc khodng mdi tao thanh cé
khd ning phan &ng vdi CaQ, ciing nhu véi cdc thanh phin khic ciia hdn
hgp phdi liéu.

4.1.3 - Sy phéin hiy nhi¢t ciia cdc khodng cacbonat (decarbonat
hod)

Nhiét dong hoc cha cic qud trinh decacbonat 13 qud trinh thu nhiét
16n ;

CaCO; o Ca0 + CO+Q

Q = 760kcal/kgCaO, hay 396kcal/kgCaCO; Ddng thdi 1a phin dng di thé,
thudn nghich. T6c do phdn huy CaCO; phu thudc vio 4p suit cin bing
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cda CO,, nhigt dd nung, kich thudc hat vi trang thdi mang Wi tinh thé
cia CaCOy:
» Td&c dd phin huy CaCO; phu thudc vio dp sudt cin biing cha CO,
Né&u goi:
P CO, = 4p sudt riéng phin cla CO, trong khdng khi.
p CO; = dp sudt phin ly cda CO,
P CO, > p CO; : phin tng theo chiéu nghich.
P CO, = pCO, ; phdn (ng cin bing,
P CO, < p CO, : phin ng xay ra theo chiéu thuin.
Trong mdi trudng khdng khi, dp sudt phin [y CO, (pCO,) Ung vdi
1 atm. Nhi¢t d6 phin ly ing vdi 895°C.
» T&c dd phin huy dd v6i phu thudc vao nhiét dd nung,
Qua thi nghiém cho thiy, nhiét dd nung cang ting, toc do phin huy
dd v6i cang manh:
G 900°C 8¢ dd phan huy 0,3cm/h
d 1100°C 8¢ dd phin huy 1,4cm/h

Trén 90C°C, khi nhiét d§ nung c ting 100°C, 8¢ d§ phin huy
CaCO; ting 3 ldn.

Hinh 2.24: So d6 qu4 trinh phin ng phin huy cia CaCO;.
1- Truyén nhiét d6i hwu trén b& mit hat dd voi; 2- Ddn nhiéi qua 16p
CaQ dén ving phin ng; 3- Phdn @ng hod hoc § viing phin dng (CaCO,
phin ly, CaO tao mdm va k€t tinh); 4- Khuéch tin CO; qua 16p CaO dén bé
mat; 5- CO, wr bé mit thodt vio méi trudng.

Toc d phin huy dd vo1 phu thude vao kich thudce hat, loai dd voi,
d6 tinh khi€t, ma trudc hét 1a trang thdi mang Iudi tinh thé. T&c dd phin
huy d4 voi cang di sdu vio trong long cuc dd vdi cang gidm. Do trd luc
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truyén nhiét ting 1if ngodi vio trong. ddng thd sur khuéch tin CO, gidm tir
trong ra ngoai. Vi vily kich thude hat d4 v6i cang Idn tdc do phian huy cang
cham (hinh 2.24),

Dd voi ¢6 nhiéu loai: d4 voi, dd4 phdn, dd v6i mergel, calcii,
aragonit... ¢é cdu triic mang 1udi tinh thé khdc nhau. B4 v6i ¢ do sit dic
cang ldn, tdc do phan huy cing chim. Nguyén nhin, do CaO trong qud
trinh nung, s& lién k&t vdi cdc tap chit sét (Si0,, ALO;, Fe;04) tao thinh
nhitng hgp chat, laAm ting 46 két khdi cda CaO.

4.1.4 - Phan dng trong pha rin

Phin tfng trong pha rdn xdy ra ti€p theo sy dehydrat hod cdc khodng
sét va sy phin huy cia CaCQO;. Pham vi nhiét d ¢6 th€ tir 550°C dén
nhigt ¢4 bit diu xudt hién pha 1éng 1250°C. Phin tng pha rdn 13 phin tng
hod hoc xdy ra trén gidi han b& mat cia cdc pha rin. Vi viy phin ting pha
rdn xdy ra chim, sy khuéch tén giifa cdc pha anh hudng rit 16n dén 16c do
phdn Wng. Khi nung hén hgp phéi liéu ciia clinke XMP, hang loat phan
tng pha ridn s€ xdy ra.

NEu xét hé CaO-Si0,, ta thiy sy khuéch tén clia kation Ca®*(A) qua

hgp chit mdi wao thinh (vi du C,S) (AB) dé phdn @ng v6i $i0, (B) rat khé
khin,

A(Cal)

Hinh 2.25: S0 46 md t& sy khuéch tdn ctia phin tng pha rin

Su ting chiéu day 16p sén phdm phan ting dx/dr, dudi diéu kién
ddng nhiét, ¢6 thé bi€u th theo phuong trinh:

dx D, k

dt X X
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Trong dé: x — Chiéu day chia 16p mdi tao thanh,
D — Hé s& khué&ch tdn,
¢o — Hing s6 ndng dd cda vt khu€ch tdn A tai bé miit gidi han
pha A/AB.
T - Thd&i gian phin dng.
k — Hing s8 tdc d phdn tng.
D& ting nhanh (8¢ dd phin Wng cla pha rdn cin thyc hién cic bién
phap:
- Tang do nghién min cGa hdn hgp phdi liéu.
- Ning cao nhiét 4o nung.
- Gidm thip ning higng kich dong biing sy tao khuyé&t tit clia mang
IUdi tinh (hé.
- Ning cao hé s6 khuéch tdn qua mang ludi tinh thé khuy&t tit.
Bang 2.16 : Ch¢ tao mdt vai clinke tinh khiét trong phong thi

nghiém. Theo BUTT, TIMASEYV [27] ; theo SCHUMANN, CONRAD va
SCHRADER.[28)

Cic Hod chil ban Nhiét 46 | Thai So

khodng dau nung (°C) | gian| lin Chu thich
clinke nung| nung
{(h)
B-C,S | CaC0,,8i(n 1400-1500| 3 2 + 0.5%B,0; sau lan nung

1 a& &n dinh p-C,S
CsS CaC0,,S8i0, 1500-1550 { 5-7 | 4-6 | 3-4hlannungl

CsS v-C,S,CaCO; 1550 4 2
C:S (C,H;).Si0,, 1550 6 1 két tha bing dung dich
C,S Ca(NO3) 1350 6 | oxalal amonium

Ché tao cdc khodng clinke tinh khi€t bing phdn @ng & trang thdi rin:
Su tao thinh C,S va CsS tir cdc oxyt tinh khi€t xdy ra rit chim. Mudn ting
nthanh t8c dd phan (ng bing cdch thyc hién nhidu 1in nung, ¢ sau mdt lan
nung cic miu thir duge nghién lai rdt ky. Ciing ¢6 thé ting nhanh 8¢ db
phdn @ng d trang thdi rdn, bling cdch ché tao hdn hyp § trang thai k&t la,
Nhu vay, nguyén nhin dé€ ting nhanh t6¢ d9 phdn &ng d trang thdi rin [a
kich thudc hat & trang thai rin rdt nhd, hdn hop phoi lidu ¢é do ddng nhit
cao, tir d6 ting khd niing phdn (ing ciia cdc chdt & trang thai rdn.
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Qud trinh phin ifng pha rin khi nung hén hdp phdi lidu. Qua nghién
cltu, t8¢ 46 phan i*ng vii trinh tr phan img khi nung hén hdp cac civ ur tir
cdc oxyt tink khiét, tir d6 cho phép suy ra qud trinh nung hén hop phéi liu
trong 10 cong nghiép. Khi nung hén hap phdi liéu & nhitng nhiét d6 khdc
nhau, cho thiy cdc pha tdn tai trong pham vi nhiét dé nhit dinh (xem
hinh 2.26).

Garz S o
(o3 —r—
L2 A4S - -
s -
7 T v
Atimoal
AT Fern -
I e

Ali}
(a0 frar

600 g &0 Mo PR 00 1200 °C MG -
- ‘ ' Nhiét do
Hinh 2.26: Pham vi ton tai cdc khodng trong sin phim nung

{

S6 li¢u chinh thde - --. Cita mdt O tdc gid

Thyc ra suf tao thanh cdc khodng cia clinke & trang thdi rin it khic
nhau, né phu thugc vio rat nhiéu y&u (&, dic biét 1 tinh chit cda nguyén
tiéu, hdn hgp phdi lidu, cling nhv ch€ do nhiét clia 10 nung. Nhirng pha
trén hinh 2.26, duge xdc dinh & nhitng miiu di 1am lanh. Nhy khedng C,A
vd CAF & nhi¢t d6 16n han 1250°C, né khong tdn 1ai & dang khodng, ma
la pha néng chdy, chi khi 1am fanh C;A vd T,AF mdi k&1 tinh thanh tinh
th€. Nhitng pha gid 8n dinh, nhy Ghelenit (C,AS ), cing khong xudt hién
trong tdt ¢ cdc phSi liéu, hodc cdc diéu kién nung. Trén hinh 2.27, gidi
thiéu cdc thanh phdn khodng trong sin phim nung doc theo chidu dai 1o
quay.

@ 550°C - 600°C da bt ddu xay ra phan tng giita CaCO; v6i SiOs,
AlLO;, Fe;05. Vi cdc khodng sét dehydrat hod (450°C — 600°C) va phin
huy (700 — 1000°C) tao thanh cd¢ oxyt, hay cdc hdp chit mdi, ¢é hoat tinh
b€ mit 16n nén rit d2 dang phin tng & trang thdi rin. & nhiét dd ndy
CaCO; cling bi phin huy. Trude h€t 13 sy tao thinh ¢dc hgp chit ngheo
CaQ (nhu Ca0.AlL,O;), khi ti€p tuc ning cao nhiét 45 né chuyén thinh
nhitng hgp chit giav CaO (nhu C3A). CaO ty do khdng tdn tai & nhidt do
thip, vi CaO vira méi tao thanh do sy phan huy clia CaCO;, 1ap tifc lién
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k&t vai Si0,, ALO; va Fe,Oy chi trén 900°C mdi tdn tai mdt lugng 1dn
Ca0O ty do.

7609 Clor ] | L1
2 Wi I "-f” . Z5L Y o
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Hinh 2.27: Sy tao thinh cdc khodng trong 10 quay vdi cyclon trao déi
nhiét [29].

G 800 -1000°C, trong hén hop phdi liéu tinh thé quarz dudi inh
hudng cia cdc chit xic tic Na™, K*, Al™, Fe™,... ¢6 thé chuyén thinh
dang thil hinh a-Cristoblit, c6 khd ning phan {fng manh véi CaO tao thanh
C3S.

@ nhifng viing tiép xiic v6i NayO vi KO, nhiét 46 Eutecti c6 thé ha
thdp, c6 thé€ xuat hién mdt lugng rit nhé chdt néng chiy, tr d6 ting nhanh
téc do phin ung trong pha rin. Nhu viy, s&n phdm dudc tao thanh trong
pha rfn ddu tién 1a CA, CF, tiép theo 12 C;A, C,AF va C,8. Bén canh
nhifng pha cdia clinke dudc tao thanh néu trén hinh 2.26 va hinh 2.27, ciing
¢6 thé xudt hién hang loat cic pha khong &n dinh (3 dang hdp chdt hay
dung dich rin), tuy thudc vao thinh phin cda céc loai hdn hgp phdi lidu,
tuy thude vao loai va ham lugng cha phu gia, ciing nhv pham vi nhiét do
xdc dinh. Nhung phin 1dn cdc pha nay tai bi phan huy trd lai. Sau day nédu
mot vai vi du tao thinh pha trung gian:

* 2C,S8.CaCO; (spurrit) d€n 920°C bi phéan hiy.

= 2C,S5.CaSO, (sunfatspurrit) phan huy & 1300°C,

= N2a,C3A(COs);, NayC03.2Na,SO,: phiin huy & 830°C.
® KyCasSiz, NoCaAy, K, CsAs, Na,ySO,, K350,
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. 3C3S.C3F2, 2C2S.C3F2. C|;A7C3F2, 3C3A.C&F‘2.
4.1.5 - Phan ng khi ¢6 mit pha néng chay
Khi nhiét do ctia vt liéu dat 1250°C-1280°C trong clinke bit diu
xudt hién pha néng chdy. Trong pham vi nhiét d3 tir 1250-1450°C chi con
phdn dng cd bdn tao thanh C:S tr C,S va Ca0. Theo TOROPOV vi
RUMICANCEV [30] sif tao thanh alit ¢6 th€ x3y ra theo trinh tf sau:

» C,S va CaO hoa tan vao trong pha néng chdy

» Cdc ion cda cdc cau tir phdn tng (C,S va CaQ) khuéch tin vaoc
nhau, tir dé tao thanh pha mdi (Ci5).

» Khodng alit k&t tinh thanh tinh thé.

V1 sif tao thinh khodng quan trong nhit cda clinke 12 alit, chf cé thé
xdy ra trong pha néng chdy, nén ham lugng va tinh chdt clia pha néng
chdy c¢6 y nghia rit quan trong. Phin tng tao thanh clinke chi xdy ra khi
¢6 mit pha néng chdy, goi 1a “sy k& kh6i”. Sy bi€n dbi vat Iy cia qud
trinh k&t kh&i (d6 rdng gidm, mit d6 ting) chi 12 hién wigng phu. Quyét
dinh clia qud trinh vAn 12 phdn (@ng hod hoc tao thinh CaS tir C,S va CaO.

» Nhiét do tao thanh pha néng chay

Bdng 2.17: Nhi&t do b3t ddu xut hién pha néng chdy trong cdc hé.

Hé Nhiét d6 [°C)
Ca0-5i05-AL0;, 1455
Ca0-Si0;-AL05-Fe,0; 1338
Ca0-8i0;-Al,05-Fe;05-Na,O 1315
Ca0-Si0,-Al,03-Fe,05-MgO 1300
Ca0-Si0,-ALO+-Fe,05-Mg0-Na,O 1280

Trén bang 2.17 néu 1&n nhiét 46 bt diu xuft hién pha néng chdy
trong cdc hé cau tif khdc nhau. B&i v6i phdi lidu trong cdng nghiép san
xudt xi ming, pha néng chiy cé thé bt ddu xudt hién khodng 1250°C. Sy
néng chiy ciia clinke ¢6 thé xdy ra & 1750-1850°C, ty thudc thanh phin
hod hoc ciia clinke.

Trong sin xuit clinke XMP trong 15 quay nén kh&ng ché& nhiét do
nung tir 1350-1450°C, 8¢ db phin tng tao CS 12 (81t nha. & nhiét do nung
thip (< 1250°C) alit c6 th€ bi phin huy. J nhiét d6 nung qud cao
(>1500°C) ham ludng pha néng chdy ién 1Am hai gach 16t 15,
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» Ham lugng va thanh phan pha néng chay

P&i vdi heé Ca0-5i0,-ALO; |, ciing nhu d6i vdi hé CaO-Si0,-ALO;-
Fe,0;, § nhiét d§1450°C d6i vdi clinke XMP thudng, ham lugng pha
néng chdy ~ 20-30%. Thanh phin hod hoc pha néng chiy clia hé CaO-
Si0,-ALO5-Fe,0; dudc néu trén bang.

Bang 2.18: Thanh phin hod hoc pha néng chiy ciia hé C-S-A-F [31].

Pha néng chay CaO SiQ; | AlLO, | Fe,O4
Pi€m Eutecti, pha néng chdy & 1338°C | 54.8 6.0 22.7 16.5

Pha néng chdy trong clinke khi
Ku=09,n=2,p=175§1450°C 57.0 7.5 22.6 12.9

» P$ nhdt cia pha néng chay

Pha néng chdy clia clinke XMP gém mdt anion clia cdc khdi i dién
[S104]%, [AlO.], [FeO ™ va cdc kation chuyén dong 1a Ca®*, Na*, K,
Fe®*, Cdc phitc hgp anion 13 nhitng phdn khéng chuyén ddng, vi viy noé
quyét dinh d6 nhdt ciia pha néng chdy. Trong pha néng chiy silicium tén
tai & dang $i,0,%, v8i midc dd tring hdp khdc nhau. Khi ting nhiét do,
mic d9 triing hgp cla cdc phic hop trén trd nén nhd lai, tr d6 nd lam
giam d¢ nhét ciia pha ndéng chdy.
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Hinh 2.28: P$ nhét pha néng chiy c¢la clinke phu thudc vao
nhiét d6 nung, Tir 1...5; Pha néng chdy & 1450°C [31,32]

1: Khéng phu gia; 2: + 2%Na,O;  3; +3%K0; 4+ 4.4%Mg0O; 5.4+ 2.5%850;;
&: Pha néng chiy d diém Eutecti



Bing nhot k& do nhiét dd cac, BUTT, TIMASEV va OSOKIN [32]
di do dd nhdt pha néng chdy ciia clinke ( bang 2.15), di xdc dinh dude do
nhdt cua pha néng chdy phy thudc vio nhiét d6 nung va ham lugng khic
nhau cla c4c loai phu gia (xem hinh 2.28 va hinh 2.29). e} nhiét d6 1450°C
d6 nhét pha nong chdy cla clinke khdong pha phu gia: 0,16NS/m2
(1,6poize).

Thanh phdn hod hoc pha néng chdy cta clinke, ¥ng v4i méi nhiét
d% nung c6 khac nhau mét it, nhung khi ciing nung ndng qua nhiét d6 trén,
nhi¢t d6 néng chdy vdn ¢6 ciing d6 nhdt, vi né cé ciu tric twong ty.
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Hinh 2.29: B$ nhdt pha néng chdy & 1450°C phy thude vao ham lugng
phu gia[31,32].

I: Kp0; 20 Nay O, 3: MgO: 4: K,80,; 5: Nay,SQ,; 6 SO,

Trong pha néng chdy khi ting ham ludng Na,O, K,0, 1am ting khi
ning tao thanh cdc anion phifc hgp ciia Al va Fe, tif d6 din dén ning cao
dd nhdt pha 16ng, 1am gidm khi ning lién kél gitta CaO va C,S d€ o
thanh alit. Tuy nhi€n véi him ludng alkali nhd (0,2-0,3R,0) ¢6 tdc dung
lam tdng ham lugng pha 1éng. MgO va cdc hdp chat cla SO, CI, F ¢6 tic
dung lam gidm d6 nhdt pha 16ng. V6i ham lLigng nhd TiQ,, Cr,0;4 ciing ¢6
tdc dung lam gidam 46 nhdt pha 16ng, ngude lai P05 lai cang 1am ting 46
nhét. & nhiét do 1400-1450°C Fe,0; déng vai trd 12 chdt trg dung lam ting
ham lugng pha 1éng. Khi ting modul alumin, dd nhét pha 18ng ting
(hinh 2.30).
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Hinh 2.30: P3 nhdt pha ndéng chdy cda clinke phu thudc
viio modul alumin, theo BUDNIKOV, ENTIN vi BELOV.[33]

3 Sitc ciing bé miit cha pha néng chiy

Mo#u! alumin p
P

Stic cing b¢ mit cla pha néng chdy, quyét dinh cd ché phin ing &
bé mit gidi han gilta chit néng chdy - tinh thé. 3 1450°C site cing bé mat
clia pha néng chdy o = 0.58N/m. Khi nhié¢t do ting sfc cing b& mit gidm.
Sitc cing bé mat giam, khi pha 1dng cd chita cde oxyt Na,O, K,0O, MgQ va
SO;. Pac biét Cr,0; va P05 1am gidm manh sifc cing bé mit (hinh 2.31).
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Hinh 2.31: Sic ciing bé mit clia pha néng chdy & 1450°C, phu thude
vio ham lugng phu gia [31].

I: MgQ; 2: Na;0, 3:580; 4: K0
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Sttc cing bé mit cha pha néng chdy nhd sé& 1am ting t6c dd xim
nhap cta pha {éng, vao trong mao qudn cla vit thé rin vi [Am ting 8¢ do
phin tdn cda cdc cdu tf hda tan. G 1450°C khdi lugng riéng pha néng
chdy cha clinke: y = 3,02g/cm’,

» Sit hoa tan cia CaO va C;S trong pha néng chay

Su tao thinh khodng alit, tuy thudc rat 1dn vio d6 hoa tan cla CaO
va C.8 trong pha néng chiy ciia clinke. Tdc dd hod tan dude xdc dinh
bing sy khuéch tdn ciia Ca®™ va SiO;* qua bé mit gidi han cda tinh thé
hod tan. T8¢ do hoa tan cla CaO vio pha néng chdy (gdm 4 oxyt chinh),
16n hon 8¢ dd hoa tan cda C,;S 3-4 [in. Vi ning lugng kich déng qua tsinh
hoa tan clla CaO E,;=264kj/mol, ¢cdn ddi v8i C,S E, = 419kj/mod.
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Hinh 2.32: T3¢ d5 hod tan cda CaO va C;S phu thudc vao do nhét
pha néng chdy [31].

1: CaO
2:C,8
3: CaO
4. C,8

} Pha néng chay & 1450°C

} Pha néng chay & dém Eutecii

Khi d& nhdt pha néng chdy thip, t6c d6 hod tan cla CaO va C,8
trong pha néng chdy ting (hinh 2.32). T6c dd hoa tan cGa CaO phu thudc
chd y&u viio 1, md khéng phu thudc vio o va thanh phin clia pha néng
chdy. Khac véi CaO, 18c d6 hod tan clia C,S khéng phu thudc nhidwu vao
n, ma lai phyu thudc rdt 16n vio thanh phin pha néng chdy. Trong pha
néng chdy cé chia SO;, (tng v&i dd nhdt thip, t6c dd hod tan cla C,S
tang. Khi trong pha néng chdy cé cha kiém alkali, t8c do hod tan chia C,S
ting nhanh, ngay cd khi dd nhét cao. Trong thuc (&, pha néng chdy clia
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clinke 1udn ludn chita mdt ham lugng ki€m alkali, vi viy t8c do hoa tan
ctia C,S 18n hdn khodng 3-4 14n so vdi CaO. Chinh vi viy, d&i véi phan
g tao thianh clinke, syt hoa tan cla tinh thé CaO trong pha néng chiy la
chim nhat.

T&c dd hoi tan cha CaO & 1450°C: fCaO = 1.710%m/s. Hat CaO ¢
kich thudc 25um, & 1450°C mudn hoa tan hoadn todn cdn 12 phat. Kich
thudc tinh thé CaO cang nhd, thdi gian phin dng cing nhanh.

G 1450°C, ham ligng pha néng chiy tao thanh trong clinke = 25%,
Dudi tdc dung clia pha ndng chay, tinh thé CaO va C,S phin (ng v&i nhau
tao thinh C;S vi k&1 tinh thinh tinh thé nhd.

» Anh hu@ng cfia K,0, Na,0, MgO va SO,

Cdc chit phu gia trén, trong hon hgp phéi liéu clia clinke XMP, anh
hudéng rit 16n d&n do nhdt, sic cing bé mit va hé sd khuéch tin cia pha
néng chdy. Cé thé tém tit dudi cdc dang:

» K;O + Na,O: o giam manh,
} => din d€n 8¢ d% hod tun clia CaO gidm

7 ting,
= K,O + Na,O +MgO: o ting rit it, din dén 16¢c 36 hoa tan cta
- . }—) CaO ting phdnng tac

m giam thap, Alit ting,
* SO;: o gidm manh,
. } = din d&n15c 49 hoa tan cda CaO ting

n gidm manh,

Trong pha néng chdy ¢6 chita MgO, K,O, Na,O vi SO;, MgO ¢é tdc
dung 1am gidm 1 pha 16ng, SO; lién két véi kiém alkali tao thinh cic
sunfat kiém, 1am gidm ham lugng kiém trong pha néng chdy, tir d6 lam
gidm manh o va 1 pha 1dng, ¢ tic dung quan trong ting nhanh qud trinh
tao thanh alit.

4.1.6 - Qu4 trinh bi€n doi vt chat khi lam lanh

Khi 1am lanh c4c khodng cla clinke XMP, chii y&€u 13 alit s& két tinh
tif pha néng chiy trong zdn k€t khéi, qud trinh k&t tinh ndy x4y ra nhanh
hon 14t nhidu, so vdi si hod tan chia tinh thé CaO vio pha néng chiy. Qud
trinh k&t tinh, gdm kha ning tao mdm két tinh, ciing nhy t8c d6 két tinh,
phu thudc chil y&u vio thinh phin hod hoc clia sin phim aung va téc do
1am lanh. T8¢ d 1am lanh cang nhanh, khd nidng tao mim k&t tinh, cling
nht 3¢ d6 k€t tinh cing nhanh va ngudc lai.
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Qud trinh k&t tinh cdc thanh phin cia clinke XMP ¢6 thé gidi thich
dua theo Iy thuy€t pha cla hé 3 ciutit CaO_ ALO; _Si0,.

12Ca0. 74,0, CoO.2AL0,

Hinh 2.33: So d6 hé 3 cdu tir CaO- Al,O;-Si0; theo RANKIN

D€ d& nhan xét, ta khdo sdt goc gidu CaO cda hé 3 ciu t CaO-
ALOs. Si0; (hinh 2.34). Viing cla xi ming portland thuding, dudc gidi han
bdi tam gidc lién ti€p C38-C3A-CS. Hap chit C.8 ¢6 pham vi 8n dinh trén
1420°C, tir dang thi hinh a-C,$ chuyén sang dang o -C,S. Trong hé 3 ciu
tf, dudng nhiét do bi€u thi mdi mot diém néng chdy clia hén hgp 3 ciu i,
Mii t€n trén gidi han viing clia pham vi tdn tai, chi qud trinh déng ciing
xhi ha nhiét d. Quan sdt qu4 trinh 1am lanh trong hé 3 cd'u tif cho thiy: sy
lam lanh xdy ra cang chim, sy cin biing c6 thé ludn dudc xdc lip.

Trén hinh cho thiy, diém A ndm trong tam gidc pha, dudc tao thinh
cia cdc khodng C;8-C:A-C,S. Tridce tién, C,S 141 k€1 tinh doc theo duding
thdng C;S-A dén diém B, & trén gidi han viing C38/C,S. G diém B, mét
hén hgp CsS va C,S dude tao thanh. Khi 1am lanh ti€p, xay ra su k&t tinh
cia hai pha, doc theo gidi han viing C38/C,S tir di€m B dén diém C. O ddy
chdt néng chdy thrdng ngheo hdp chit silicat, ma ¢6 xu huéng thanh phin
clia né 12 hop chdt aluminat. Tai C (di€ém nhdnh & 1455°C), dat dén gidi
han viing k&t tinh ca C,A. G didm ndy dn tai cén bling giifa €8, CA,
C,S vA chit néng chdy con lai.
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Hinh 2.34 : Biéu d6 goc giau CaO ciia hé 3 cdu 1 CaO- ALOs- SiO,
{theo RANKIN vi SHEPHERD)
Anh huéng ch& d¢ 1am lanh dén tinh cht cda clinke XMP:

Ch€ d6 1am lanh cla clinke trong pham vi nhiét d6 cao, ¢6 anh
hwdng rit 16n dén sy tao thanh cic khodng cia clinke, tit dé 4nh hudng
dé€n tinh chdt cla xi ming portland.

V8i téc d) Jam Ianh nhanh (At/AT > 70k/ph):

» Khodng alit khong bi phin huy, do d6 ham lugng alit 16n, lam ting
tinh chit cudng d ctia XMP.

* Khodng C3A két tinh trong hén hop tinh thé v6i C,AF, do d6 phin
Wng chim vdi nude. Tir d6 1am cho xi mang portland déng rdn cham.

* Néu xi ming ¢6 ham lugng MgO cao, MgO sé& tén tai trong dung
dich rdn clia cdc khodng cia clinke, hodc perikiaz k&t tinh & dang tinh thé
min ( <10pm), din d&n sy din nd MgO s& nhd, XMP vin 8n dinh (hé tich.

* V@i clinke XMP giau khodng belit (xi ming it tod nhiét), ¢6 thé
tdn tai him lugng 16n dang this kirh o-C,S , tao cho xi ming c6 cudng do
caohdn (Ry >R pC2s)-

» Hat clinke xuit hién nhilng v€t nit do ndi ding luc, qua d6 clinke
dé nghién, niing lugng nghién min thip.
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V@i toc dj 1am lanh cham (At/AT < 20k/ph):

e Khodng alit bit ddu bj phin huy :C;S > C,S + CaO v do, lam
gidm ham lugng alit trong clinke XMP,

s Khodng C3A tdi k&t tinh nhiéu (C3A khéng tao hn hgp tinh thé vdi
C.AF), do d6 phin iing nhanh véi nudc.

¢ Khodng B-CoS 27-C,8, ting thé tich phin tir 10%, lam clinke bj ta
vun thinh bdt, Jam gidm thdp tinh chit cudng do clia XMP.

*» Trong clinke giau MgO, MgO t4i két tinh & dang tinh thé periklaz
c6 kich thudc 16n hon 10pm, tir d6 6 thé din dén sy gidn nd manhezi. ..

Ché€ d6 1am lanh t3i vu d8i vdi clinke gidu alit dudc gidi thig¢u trén
hinh 2.35.
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Hinh 2,35: Ch& @6 1am lanh thich hdp d8i vdi clinke gidu khodng alit
(34,35].

Qud trinh 1am lanh clinke trong 16 quay xdy ra qua 2 giai doan:

+ Clinke sau khi dat nhigt d6 cuc dai = 1450°C trong z6n két khéi,
clinke ti€p tuc dugc 1Am lamh trong z6n 1am lanh d&n nhiét da
1300 -1200°C.

+ Giai doan 2, sy 1am lanh nhanh clinke xdy ra wong thiét bi lam
lanh (ghi 1am lanh hay 15 vé tinh).
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4.1,7 - Nhiét déng héa hoc cia cde phan dng
Phan tich nhtét dong clia qué trinh aung nhiim hai muc dich:

* Tinh todn qud trinh nhi&t déng c6 thé xdy ra clia mdt phdn dng,
vé enthalpy phin ¢ng ty do AG.

* Tinh todn tiéu t6n nhiét ly thuy&t dé sin xudt 1kg sdn phim
nung, tif enthalpy phdn tng 1Am o sd cho cin bing nhiét.

¥ Enthalpy phan i@ng ty do.

C6 thé nhan bi€t duge khd ning ti€n hinh mot phdn tng héa hoc,
ctia hdn hdp phdi liéu ¢6 thinh phdn khic nhau, tir dai lugng cba enthalpy
phin tng w do AG = f(T). Tinh todn AG theo phudng trinh cia
GIBBS-HELMHOLTZ [36] :

. i AC,dT
AG? = AH 'y, ~TASY, + [ AC,dT - TLS—;_

D€ tinh todn AG, yéu ciu theo nhiing dif liéu sau:
» Enthalpy tao thinh clia vt liéu vao va sin phim, tf nhifng nguyén
t6 dudi didu kién tidu chufn AH 5.

» Entropy clia vt liéu vio v sdn phim, dudi vhitng di€u kién tidu
chufn ASY,.

e Phuong trinh phu thudc clia nhiét dd vao nhiét ludng riéng cua vit
lidu vao va san phim Cp= f(T).

¢ Tiéu tén nhiét Iy thuyét trong qu4 trinh nung clinke XMP

P& nung hdn hgp phdi ligu thanh clinke, can phéi tiéu ¥n mot nhiét
lwgng xdc dinh. Nhiét lugng tidu t8n 1y thuyét a€ nung clinke, lién quan
dé&n enthalpy phin (ing. Nhiét lugng phin hiy vd nhiét lugng tao thanh,
cdn thi€t cho tinh todn dugce gidi thiéu trén bing 2.19.
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Bdng 2.19 : Enthalpy phin iing

Hyp chit Phin dng Ah
kikg kcalz‘kg_‘
Kaolinit ALQ; 2810, .2H,0 < AlL0:.28i0, +2H.0 +780 | 4186
Moenunorillenit | S 1dch nude cia Montmorillonit +245 +58.5
Tt Sy tach nude coa It +180 +43,2
MgzCO, MgCO:, < MgO +CO; +1395 +333
CaCO, CaC0O; < Cad +CO, +1780 +425
Metakaolin AlLO: 25i0. = ALO, +28i0, -185 -187
a-CS Ca0 +8i0; <  o«-Ca0.Sio, =725 -173
B-CS8 Ca0+8i0; < B-Ca0.5i0, -765 -183
C38, 3Ca0 + 28i0y & 3Ca. 2850, -685 -164
B-C.S 2Ca0 +Si0; < B-2Ca0.Si0, 732 | -17s
8 ICa0 + 510, < 3Ca0 S0 -495 -118
C:S 2Ca0. 8i0y + Ca0 & 3Ca0.5i0, +35 +8
CA Ca0 + a-AlO, & Ca0.ALO, -100 -24
CrA; 12Ca0 + 7a-ALO; e 12Ca0.7ALO, 42 -10
CiA ICa0 + w-ALO, < 3Ca0.ALO, +75 +18
CA. Ca0 + 20- ALO: < Ca0.2Al,04 -68 -16
C,F 20 + aFe03 o 202050, -114 .27
C4AF 4Ca0 +a-AlO) +a-Fe0y < 4Ca0.A1:0; Fe,0, -6% -16
Pha néng chiy | 54,8%Ca0; 22, 7% AL 03:16,5%Fe ;04.6,0%S10, +406 +97 *)
CaS0,.2H,O CaS0,2H,0 & CaS0,.0,5H.0 +1,5H,0 +496 +118
CaS04.05H.0 | CaS0.0,5H.0 < CaSO, +0,5H.0 +205 +49
CaS0, Ca50, < CaO + 80 + 0,50, +3600 +862
Ahgs : Lién quan d€n 1 kg cla hdp chdt néu & muc 1. Vi du Ahy CS = -118

kcal/kg C3S; *) Pha néng chdy 8 1345°C

42 - NHUNG YEU TO ANH HUONG PEN QUA TRINH NUNG
LUYEN VA CHAT LUONG CUA CLINKE XI MANG
PORTLAND
4.2.1 - Thanh phin héa hyc cda phéi lidu
Ph&i liéu nung clinke XMP gém cdc cdu ti¥ chinh CaO, $i0,, AL, O;,

Fe;0;. N€u trong phéi liéu ham lugng CaO cao, tit clia phéi lidu {CaCO;,
MgCO4) cao lam cho:

* Hé s6 KN cao, qud trinh nung luyén clinke s& tao thinh nhidu
khodng C3S, néu CaO két hgp bao hda hodn todn v6i Si0,, do dé chilt
Jugng clinke ting 1&n. Tuy nhién mudn CaO k&t hgp hodn toin vdi Si0,
tao thanh C;S, y&u cdu nhiét dd nung cao, thdi gian nung lau hon, tiéy t6n
nhi€t ndng 16n. Digu d6 c6 dnh hudng d&n do bén clia 1d va ning suit 1.
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» Néu trong phdi liéu ham lugng SiO; cao, medul n ting, trong
clinke s¢ chifa nhi¢u khodng silicat (C3S va (28). clinke s& dat chat lugng
cao. Nhung déng thdi khodng nong chdy lai gidm, pha 1dng tha'p, phdi lieu
kho k&t khdi trong qud trinh nung luyén.

= Né&u trong phéi liéu ham tegng ALO; cac, modul p ting, ham
lugng pha 16ng gidm, dd nhdt pha iéng 18n, phéi liéu kho k&t khdi, qua
trinh tao khodng alit s& kh khan, clinke s& chta nhidu CaO uf do. Déng
théi, trong clinke s& tac nhiéu khodng C:A, xi ming déng rin nhanh, tda
nhiéu nhiét, khéng bén trong mdi tru¥ng &n mon sunfat.

P31 vdi clinke XMP thudng, phii khong ch€ thinh phidn héa hoc clia
phdi liéu nhy th€ nio, d€ clinke ¢6 cdc hé s& va modul ndm lrong gidi
han:

KN =0,85-0,92;
n=17-2,5;
p=12-18.

4.2.2 - D% min cia hdn hgp phdi lidu

B min clia hdn hop phéi lidu, ¢6 lién quan chit ché dén déng hoc
phdn tng qua trinh tao khodng clinke khi nung. N&u hdn hdp phdi licu c6
d6é min cing cao, dong hoc phdn éng tao khoing clinke khi nung cang
nhanh, cdng hoan todn, chat lugng clinke cang t6t. Thudng yéu cdu do min
cra phdi li¢u 5-7%, tinh theo Iudng con lai én sing N°009. N&u phsi
liéu c6 do min thip, kich thudc hat phdi lidu > 100um, kém theo d6 ddng
nhit kém. Pong hoc phin dng qud trinh tao khodng clinke xdy ra khé
khin, khong hodn toan, ham lugng CS it, hAm hwgng CaO tv do tang, chat
lugng clinke thip.

4.2.3 - Ché& d) nung luyén clinke

Nhi¢t d6 nung v thdi gian nung ¢6 dnh hudng quan trong dén chat
lugng ciia clinke. D3i v4i clinke XMP, nhiét do nung clinke trong z6n két
khdi dao dong 1300 - 1450 - 1300°C, vdi thdi gian nung trong khodng
20 - 30 phat. Vdi nhi¢t do nung va th¥i gian nung trén, qud trinh tao
khodng s& hoan todin, chat Iugng clinke tat.

Nguge lai, nhi€t d6 nung cang thip, thdi gian nung vit liéu trong zbn
k&t khdi ngdn, qué trinh tao khodng xay ra khdng hoan toin, 1dn tai nhiéu
CaO ty do, chdt hrgng clinke gidm. Mat khdc, nu nhiét do nung qué cao,
thai gian luu vit li€u trong z6n k€t khdi 1au, c6 khd ning 1 s6 khodng bi
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phan hiy khi nung, clinke k&t khdi vdi do sit dac cao, tiéu ton nhiéu nhiét
ning, ning suit 16 gidm, clinke thu dudc khé nghién.

Ngoii nhitng y&€u 1§ ¢d ban trén, chit lugng clinke dudc tao thanh
trong qué trinh nung cdn phy thudc nhidu y&u t8 khdc nhu:

* Ch€ d6 vin hanh lb.

* Phudng phdp sdn xudt .

= Ché& dd 1am lanh clinke.
* Loainhién liéu st dung .

Bé ting nhanh qui trinh tao alit trong zén két khoi, ngudi ta thuc
hién phuong phdp nung nhanh, bing cach pha vao phdi ligu mot lugng phy
gia khodng héa hoic ting nhi¢t dé nung.

Vi du: Phdi liéu nung clinke gbém d4 véi va dit sét ¢6 hé s§
KN = 0,95 khi nung g cdc nhiét 46 sau:

~1=1600°C k&t thiic viéc tao khodng sau 5-10 phdt.
—t= 1700 - 1800°C k&t thic viéc tao khodng sau | phiit.
- t= 1900 - 2000°C két thiic viéc tao Khodng sau | gidy

Tuy nhién trong thire t&€, ngudi ta khdng nung & nhiét d6 qué cao nhu
trén, vi mdt s6 khodng dé& bi phin hiy, gidm chdt lugng clinke, clinke thu
dugc khé nghién, t8n nhiéu nhigt ning, 4nh hudng dén dd bén clia 10 vA
cic thi€t bi khéc.

4.3 - CAC LOAILO NUNG CLINKE XI MANG PORTLAND

4.3.1 - Ld guay nung clinke xi ming portland theo phudng phap _
udt

Ld quay nung clinke XMP theo phudng phdp udt, cdn goi 13 16 quay
¢6 thiét bi trao d8i nhiét. CAu tao 16 12 mdt 6ng kim loai hinh try réng, dit
nghiéng mot géc o = 3 — 5° so v8i mat phing n¥m ngang, ty 1& giira
L/D = 30 - 40 1in, t6c dd quay 35-70cmv/s. Lo quay nung clinke theo
phudng phédp udt thudng cé cic loai sau :

D xL=3 x100m:; 3,6 x120m; 4 x150m; 4,5 x170m; 5 x185m, 7 x 270m

Ld quay nung clinke XMP theo phuong phap uSt duge 2idi thiéu trén
hinh 2.36.
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Toan bd chiéu dai 1d quay tya trén hé théng bé dd con lin, dugc dat
trén céc tru 10 biing bé tdng cbt thép, s6 tru 10 nhiéu hay it phu thudc vao
chiéu dai va dudng kinh 1.

Lo lam viéc theo nguyén tic ngudc chiéu. Nguyén liéu vao diu cao
clia 10, clinke ra ddu thdp cla 1d. Nhién liéu va khong khi di vao dau thap
cia 10. Qud trinh chdy va sy trao d8i nhiét xdy ra doc theo chiéu dai 1.

Do nhién liéu dugc dot chdy, phdi liéu va nhién liéu di ngudc chiéu
nhau. K&t qua 1a phdi liéu dugc d6t néng tir nhiét do thudng d€n nhiét do
k&t kh&i 1400-1450°C, con nhiét d6 clia khi néng gidm din theo chiéu dai
10. Khi thai thodt ra 6ng khéi; nhiét dd khi thdi khodng 180-220°C.

Dua vao chiéu dai 10 quay, nhiét do cla phdi liéu va dong khi,
ngudi ta phin chia 1d thinh 6 zon: z6n sdy, z6n d6t néng, zon phin hiy,
z6n tda nhiét, zon k&t khdi, zon 1am lanh. Chiéu dai tirng z6n khong hoian
toan c¢& dinh ma thay d8i phu thudc vao diéu kién st dung nguyén liéu,
nhién li€u, trinh d§ vdn hanh ctia cong nhan, thudng phan chia nhu sau :

— Zbn siy va zon dot néng chi€m 50 - 60% chiéu dai 1d

- Z6n phin hily (decarbonat héa) chi€m 20 - 23%

- Z06n tda nhiét chifm 5 - 7%
— Z6n k&€t khdi chi€ém 10 - 15%
- Z6n l1am lanh chiém 2 - 4%

Hinh 2.36: Lo quay nung clinke XMP theo phuong phdp u6t

1.V4 10; 4. H¢ thong truyén dong  7.Budng ling byi
2. B¢ gallé 5.Voi phun nhién li¢u 8. Ong khoéi
3. Tru d3 bing bé tdng 6. Thiét bi lam lanh 9. Hé théng xich trao d&i nhiét
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D€ dam bio tudi tho ciia 16 va gidm tdn that nhiét ra méi trudng
xung quanh, trong 10 thudng 16t gach chiu lira. Tuy theo tinh chit cla tirng
z6n ma st dung cdc loai gach chiju I&ra khdc nhau, nhu : gach cao alumin,
gach crom-manhezi...

D€ ting hi¢u qua trao ddi nhiét trong 10, ngudi ta thudng 1dp cdc
thi€t bi trao dSi nhiét bén trong ciia cdc z6n siy, z6n d6t néng, zon phin
hiy, nhu (hinh 2.37):

e Xich trao d8i nhiét (phd bién).

e Cdc tdm gébm kim loai trao dGi nhiét
Téc dung:

e Ting bé mit trao ddi nhiét cho vat liéu

e Can bui mang ra ngoai

e Vadip va tao vién phdi liéu

Van chuyén phdi liéu déu din, lién tuc.

Miviwe a”-qcz

Hinh 2.37: Mat cdt doc 1d va cdch »8 tri thi€t bi trao d6i nhiét trong 10

1-Vanh dai tua 4- TAm gom kim loai 7-K}10ang bun
2- Thi€t bi truyén dong  5-Z06n xich, xich vong xoin  8-Ong din bun
3- Vanh héi lvu byi 6- Xich thong

® ®

Hinh 2.38: C4c dang thi€t bi trao d&i nhiét 1{p trong 10 quay,

phuong phdp uét
1&2-TAm g6m kim loai ~ 4- Xich vong
3- Xich thong 5- Xich vong xodn
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Sy phin b nhiét d¢ va sy truyén nhiét trong 1o quay:

Sy truyén nhiét clia ngon lita v cia sin phim chdy 1én vat liéu
nung va tudng 16 ¢6 thé x3y ra dudi 3 dang khdc nhau:

- Su bifc xa clia ngon Iita (ngon Iira phat sdng).

- Su bifc xa clia khi chdy (ngon Itta khéng phit séng).

- Truyén nhiét d6i luu (su ti€p xuc giira khi thii v4i phdi lieu trong
z0n d&t néng, ma trude hét 1a zon say).

Do sédn phim nung chi chi€m mét phan ti€t dién nhd trong 10 quay, .
vi viy phin 16n nhiét lugng truyén cho twdng 10, chi c6 mot phin nhé
nhiét lugng truyén tryc ti€p cho sén phd&m nung. Theo GYCI, ngudi ta tinh
dudc sy truyén nhiét trong mot gid trong zon k&t khdi 1a 200.000 kcal/m?.

Sy phin bd nhiét dd va sy truyén nhiét trong 16 quay phuong phép
U6t cé mit xich trao ddi nhiét dugc gidi thiéu trén hinh 2.39.
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Hinh 2.39: So d6 phéin bd nhigt dd va sy truyén nhiét trong 16 quay
phuong phdp udt

4.3.2 - Lo quay nung clinke XMP theo phudng phédp khd

V& cdu tao thin 15 va nguyén tfc lam viéc ngude chidu, nhu 19 quay
nung clinke XMP theo phuong phdp wt. Tuy nhién ciing c6 nhitng diém
khdc nhau:

Kich thuéc 10 ngdn hon so véi 10 quay nung clinke XMP phuong
phdp u6t, ty 1& L/D = 15-17 1in, phd bi€n 12 10 c¢6 cdc kich thudc :
DxL= 3,5x50m; 4x60m; 5x75m; 6x90m. Sd dé cdu tao 1d quay nung
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clinke XMP phuong phap khd véi cyclon trao ddi nhiét dugc gidi thiéu
trén hinh 2.40.

\/ P s
BRER
©)
Hinh 2.40 : Lo quay nung clinke XMP phudng phdp khd véi hé cyclon trao
ddi nhiét

1- Lo quay 5- Thi€t bi lam lanh 5
2- Hé cyclon trao di nhi¢t  6- Ong din khi néng

3- Thdp calciner 7- Quat gi6 lam lanh

4- Voi phun 8- Clinke ra khdi thi€t bi lam lanh

Ld quay nung clinke XMP theo phudng phdp khd, phdi ligu vao 10
dang bot: Bot phdi liéu tir két chita c6 ham &m W = 0,5-1%, nhd tiép liéu
vit dinh lugng va nhd giu ning vin chuyén 1én hé thdng cyclon (hodc
thdp) trao ddi nhiét. Khi néng tir 10 nung di 1én hé thdng cyclon trao ddi
nhiét. Ph&i liéu va dong khi néng chuyén dong ngugc chiéu, do tic dung
ctia dong khi, phdi li¢u trong cyclon ludn ludn & trang thdi 10 limg. Vi vdy,
sy ti€p xtc giita dong khi néng va phdi liéu t6t hon, nhd dé qud trinh trao
d8i nhiét giita dong khi néng va phdi liéu t6t hon. Hé thdng cyclon (hodc
thap) trao d8i nhiét dit phia ddu cao clia 19, ¢6 thé 12 hé 3 bic, 4 bic hoic
nhidu bac. & mdi cyclon (hoic thdp) phdi liéu va dong khi c6 nhi¢t d xdc
dinh, nhiét do chia phdi liéu dudc ting din tir trén xudng dudi, nhiét do
ctia dong khi néng gidm dén theo chiéu tir dudi 1én (tir cyclon bic 4 1én
cyclon bdc 1). Nhiét do bot phdi liéu tir hé cyclon di vao diu cao cta 1o:
950 -1000°C, nhiét do khi thai ra khdi cyclon bac 1 : 300 - 350°C. Phoi liéu
ra khdi cyclon bic 4, ti€p tuc vao 10 nung thyc hién qud trinh nung. Su
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phin b nhiét d§ va sy truyén nhiét cha hé cyclon trao d6i nhiét dudc néu
trén hinh 2.41.
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Hinh 2.41: So d6 phin bd nhiét d6 va s truyén nhiét trong hé cyclon trao
déi nhiét

1-Nap phéiliéu ; 2- Hé cyclon trao d3i nhigl; 3-Ong dan vit lidu vio 1o quay ;

4-Ong din khi néng 1én hé cyclon:5- Ld quay; 6- Clinke ra khoi 1o 7- Vi

phun.

Hé thdng thi€t bi trao dSi nhiét cé hai dang co ban : cyclon trao doi
nhiét va thdp trao déi nhiét (hinh 2.42).

Pé ting cudng qud trinh nung luyén, nhiim ning cac ning suit cla
13 nung, dic biét gidm nhi¢t ning tid¢u n riéng (theo tinh todn 1y thuyét
q= 700 kcal/kgelinke); tir ndm 1970 nhiéu nudc da nghién cifu cdi tac thiét
bi trao d8i nhiét (hinh2.43) theo cdc hudng sau :

+ TiAng cudng phin tng phin hiy nhiét cla dd vbi {decarbonat)
trong thi€t bi trao ddi nhiét (thdp calciner), nhim ting nhanh qud trinh
nung tao khodng clinke, ting ning suit 10, ddng thdi rit ngdn chiéu dai 1o
nung.

+ Tan dung nhiét khi thii clia thi€t bj 1am lanh clinke cung ¢dp cho
thdp calciner, nhim 1dm gidm nhiét tiéu (n riéng cho qué trinh nung.
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Cyclon trao d6i Thép trao ddi nhiét Thép trao di nhiét
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Hinh 2.42 : Cic dang cyclon va thap trao d8i nhiét

«-—DbdNg khi

Vit ligu

& Nhién ligu

= Phéi liju '
“"Khéng khi lam lgnh

Hinh 2.43 : Sd d6 c4u tao ciia cdc 10 nung c6 hé calciner khdc nhau
1-Hé Calciner SF 3- H¢ Calciner Prepol
2- H¢ Calciner RSP 4-H¢ Calciner MFC

130



Tay thuéc vio cdu wo cla cdc 15 nung co hé calciner khic nhau,
din dén tiéu t&n nhiet lugng riéng khdc nhau (bdng 2.200.

Bang 2.20: Thong s8 k¥ thuit cba 1o nung clinke XMP theo phudng phip
khé, »6i cic leal calciner khdc nhau

Thdng s& k¥ thuss Cac hg calciner theo tai li¢u
B N SF38L | Rsp3o MFC [37]
Kich thudc 16 nung [m] i X514 —T 3 8‘5}(76 4,5%x93
i Kich i Calciner [m] , 4.0x4.5
| Ning sudt clinke |[tiwngay] | 2075 ' 2858 3000
Nhién lidu tigu n - I .‘
- Toan bé hinr 1o |kg/h) 7000 i - 10500
- Phdn 1o nung  [%) 43 : 81
- Phin calviner (%) 57 | - 19
Tiéu tdn nhi¢! riéng
{ky/kgel] 3163 3100 3300
[kecal/kgcl) 755 740 787
Nhiét d6 khi ra khéi [0 [°C) 1133 950 L000-1100
Nhi§t d& vit lidu vio 1o [°C) 780-920 940 900
Nhi&t dd khi thai [°C] 350-380 360 340
Mude 46 phin hiy CaCO; %] (S14] 35-60 S0

Nhu ta 43 bi€l, phin tng phin hily CaCO; 13 phan itng thu nhiét rit
18n (enthalpy phdn (ng :1780kj/kgCaCO0;), trong khi d6 phin 16n phian g
tao khodng clinke XMP 14 nhifiig phin ¥ng ta nhiét manh (xem enthalpy
phidn Wng, bing 2.16). Vi th¢ nhiét tiéu &n 1y thuyét d&€ nung voi
(qltCa0 =2500-3100kj/kgCa0), 16n hon rit nhiu, so vdi nhiét tiéu t8n Iy
thuy€t € nung clinke XMP (qltcl.=1600-1800kj/kgCl). Chinh vi viy, khi
khoa hoc k¥ thudt ngdy cang phdt ri€n, agdy nay ngudi ta c6 xu huténg cai
tao hé théng cyclon trao d8i nhiét v6i thdy calciner ngay cing hoin chinh,
uu vigt hon. Nham muc dich, qué tiuh prin hity ¢4 v6i x3y ra chd yé&u
trong thdp calciner dat 90-95%, tam gidm thap nhé: aing ticu 18n riéng,
ddng thai rdt ngdn chiéu dai 16 nung, mang lai hi¢u qua kinh &, k¥ thuat
t8t hon. Trén hinh 2.44, gisi thiéu 1d quay nung clinke XMP theo phudng
phdp kho, véi 2 hé cyclon trao d8i nhiét song song cé thip calciner- SLC.
Hai hé thdng thiét bj trao d&i nhiét song song :



* Hé thdng trao d6i nhiét thit nhi't, dudc cung cap nhiét tir khi chdy
clia 10 quay nung clinke XMP di 1€n, thuc hién qud triinh gia nhiét cho phéi
lieu.

* Hé thong trao d8i nhiét thit hai, dugc cung cip nhiét tir khi néng di
1&n cha thi€t bi 1am lanh (nhiét d6 khodng 900°C), ngoai ra con ¢ béc dbt
nhién liéu phu, dit tai thdp calciner, nh d6 dé dang diéu chinh nhiét do
theo yéu cau.

DPiac di€m clia hé thdng 10 nung ndy, 12 ngodi gidm thap nhiét ning
tiéu ton riéng, gidm kich thudc 10; cdn ning cao ning suit clia 10 nung, ¢6
th€ dat tdi 10.000 tin clinke/ngay; ciing nhu dé dang tdch ki€m alkali va
sunfua, trong sdn xuit xi mang yéu cdu ham lugng kiém alkali thap.

1 Phéfi lidu vao
2 Khi thii

3 Khi a1 phy
4 Clinke

5 Vai phun 1& nung
¥ gaasee 6 VOi phun calciner
7 Ong dfin khi ndng (gid 3)
8 Khi thii gian 1am lanh
Y Van phén phdi phdi lidu
10 Van chuyén adi phdi li¢u

i lwr(;-—— 1 e ‘ 5%
8 I

Hinh 2.44 : So d6 ciu tao 10 quay nung clinke XMP v6i 2 hé thong thiét bi
trao ddi nhiét song song- SLC
A : Ciu tao 2 hé thdng thi€ bi trao ddi nhiét song song;
B : Sd dd nguyén ly lam viéc cia hé 10 quay nung clinke XMP phudng
phap kho - SLC

4.3.3 - Lo quay nung clinke xi miang portland theo phudng phap
ban kho

Lo quay nung clinkeXMP phuong phdp bdn kho, véi muc dich sir
dung nhiét trong 10 nung tt hon 10 quay phudng phdp uét. Trong 10 quay
phudng phdp udt nhiét lugng tiéu tdn cho qud trinh sdy va dot néng phai
liéu rit 16n, mit khdc z6n si'y va zon dot néng chi€ém 50-60% chiéu dai
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16. Ndm 1930 thi€t bi nung mang tén 10 nung LEPOL (ti¥ ngit két hop gitia
tén nha phdt minh LELLEP va hing sidn xuidt POLYSIUS) ra d&i: Lo quay
nung clinke XMP véi bang xich calcinator.

/N

SELFLLLITISS, PILISSSSSSELISSTESISS, 2

Iy %00

,\’{9 A= 800K(m’ l Ap =~ 600 Hm?
\

g~ 120 A g = 400%

Hinh 2.45 : Lo quay nung clinke XMP vé&i biing xich calcinator

~,

1-Bing xich; 2-Z6n d6t néng ; 3-Zon sdy; 4- (jng khéi; 5- Khi néng ; 6- Mdy
vé vién; 7-Lo quay.

Hinh 2.46 : Anh bing xich calcinator, phan z6n d&t néng

Phuong phdp 10 quay nung clinke XMP véi bang xich calcinator yéu
ciu phdi liéu vao 10 & dang vién. H5n hgp phdi liéu dudc chuin bi theo
phuong phdp khd v8i hAm &m < 1%. Ti€p theo cho thém nudc vao phdi
liéu dé€ tao thanh vién, bing phuong phip tréng quay, hay phudng phép
dia quay, 6 haim dm tir 10-16%, kich thudc vién phdi liéu d = 10-15mm.



Nguyén tic lam viéc cda thiét bi gia nhiét bang xich calcinator:

Bang xich calcinator du¢: chia thanh Z ngdn 1a ngiin sdy (3) va ngin
d6t néng (2). Bot phdi liu k& {w = 0-1%) tir silo chifa duge vin chuyén
d&n két chita, rdi xubng GEp Niéu vit, dinh lugng phdi lidw, cho mdy vé
vign ki€u dia quay, cbrg véi WUgng nude thich hop cho vao d€ tao vién
phSi liéu. Phdi lidu dang vién duge d6 tryc ti€p xubng bang xich
calcinator chuyén déng. Khi néng tir 15 quay 1, ¢é nhiét dd 900°C, di 1én
ngén d6t néng (2) ti€n hanh dehydrat cdc khodng sét vi phin hiy mot
phin dd voi (khoing 25-30%) Nhd quat hut véi dp sudit 600 N/m® hit khi
néng xuyé&n qua 16p phéi li¢u va bing xich xudng budng ling bui, nhiét dd
khi n6éng gidm cdn 400°C. Khi néng ti€p tuc dudc din theo 8ng din (5)
vdo ngin sdy (3), nhiét do giam xudng cdn 350°C, thich hgp cho qué trinh
sdy khd vién phdi liéu. Ciing nh& quat hit véi 4p sudt S00N/m? hit khi
néng xuyén qua I5p phdi liéu vi bing xich xudng budng ldng bui, nhiét do
khi thdi gidm con 120°C, tir do theo &ng din d&€n dng khaéi thai vdo khong
khi.

Chiéu day 18p vién phdi liéu trén bing xich khodng 15-20 cm, né
phdi dugc phin bd déu rén bé mar bing xich. N&u 16p vién phdi lidu
mdng, hodc khéng phin bd déu trén bé mit bing xich, nhitng chd bing
xich tréng dudi tdc dung cia khi ndng rdt d& bi in mdn. T8¢ d6 chuyén
ddng clia bing xich khodng lem/s, iy thudce chidu dai cia bing, ma thai
gian 16p vién phdi liéu luu lai trén bing twong dng thich hap. P6i vdi 1
quay nung clinke XMP phuong phdp bin khé v8i bing xich calcinator,
nhiét lrgng tiéu t&n riéng khodng 3500-3700 kj/kgcel. Trén bidng 2.21, néu
1&n cdc thong s8 k¥ thudt c¢lia cAc thi€t bi ddc trung, cha phuong phdp bdn
khd vGi bing xich caleinator,

Tuy nhién, so sdnh gilta 16 quay phudng phdp khé vdi cyclon trao
d8i nhiét va 10 quay phuong phdp bdn khd vai bing xich calcinator cdn
nhirng tdn tai :

* Nhiét niing tiéu t8n riéng 16n hon.
* Phéi liéu cdn phdi tao vién, cdng nghé phifc tap hon.

* Bang xich calcinator 1am viéc & nhiét d6 cao, thiét bj mau bji hu
hdng.

Hién nay phuong phdp bdn kho 16 quay véi bing xich calcinator, it
dugc phdt trién.
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Bang 2.21: Cic thong s8 k¥ thuit ciia 16 quay phiong phdp bin kho
v@i bing xich calcinator

Thi€t| Kich thudc| D }Kich thide| Phudng phép chufn | Ham Nang | Thi
bi Ib D.L | trong| bang xich bi phéi liéu &m | sudl | gian
[m] [m] | B.L [m] Y% t/h
1 3,40.40 {300 | 3.0.12.8 |Vévién tréng quay { 13,0 | 18,0 |1950
2 3.60.40 | 3,60 {30.21,7 | Vé vién dia quay 12,5 1 24,5 {1960
3 400.60 |4,00 §42.24,0| Vé vién dia quay 15,0 | 38,0 (1964
4 1400.585] 440 |4.3.28.0! Vé vién dia quay 14,5 | 42,0 |1967
5 4,50.58 | 450 [4,25.250} V& vién diu quay 13,0 | 50,0 [1967
6 4,00.60 | 400 |39.290 | V& vién dia quay 13,0 | 55,0 |1975

4.3.4 - Thi€t bj 1am lanh clinke

Thi€t bi 1am lanh phdi thda man hai yéu ciu trong qué trinh nung
clinke :

+ Lam lanh clinke d&n nhiét 4§ yéu ciu vé& ky thuit (d€ vin
chuyén, Ivu chifa, gia cong).

+ Hoan luu mdt phin khéng khi 1am lanh hoic khi chdy. Vi nhiét
hoan Iuu dat dudc trong qud trinh 1am lanh, c6 dnh hudng ¢d ban dé&n tiéu
ton nhiét lugng riéng trong toin bd qué trinh nung clinke.

Thiét bi 1am lanh clinke gém nhitng da ng cd ban sau:
+ Dang 16 quay con.

+ Dang thip ding.

+ Dang 10 v€ tinh.

+ Dang ghi 1am lanh.

Trong c6ng nghiép hién dai dudc sif dung phd bi€n 13: thi€t bi lam
lanh 15 vé tinh va ghi idm lanh.

4.3.4.1 - Thi&t bi lam lanh Id v¢ tinh

Thi€t bi 12m lanh 15 v& tinh ¢6 cu tao gdm nhidu 10 con (9-11 1>
con) duge Hp trire ti€p vao v4 16 quay & phin cui zén 1am lanh. Trong
cdc 1d con thudng dudce Ep xich trao ddi nhiét (xich thdng hay xich vong),
hodic tim kim loai trao d8i nhiét, nhim ting cudng qud trinh trao ddi nhiét
giifa khong khi 1am lanh vdi clinke.

135



Thi&€t bi 1am lanh 10 vé tinh thudng chi dat cong suit: 800-1000
tin/ngdy, vi cdc 16 vé tinh khong thé ch€ tao 16n, lam cho trong lugng 10
qud ning. Thi&t bi lam lanh 10 vé tinh cé nhifng ton tai :

+ Gay ti€ng on.

+ Nhiét do clinke ra khéi 10 cao, mic di ¢6 1am lanh bing nudc,
khodng 200°C.

+ Cédc chi ti€t mdy bi mdi mon cao.

Tuy nhién thi€t bi 1am lanh 10 vé tinh, ¢6 vu di€m la von diu tu co
ban va chi phi sdn xuit thap.

Hinh 2.47 : Thi€t bi lam lanh 1d vé tinh

1-Lo quay  2-Lo vé tinh  3-Tdm kim loai trao d8i nhiét
4.3.4.2 - Thiét bj ghi lam lanh

Trong cdng nghiép hién dai, thi€t bi ghi 1am lanh dugc sl dung thich
hdp nhit, & 1am lanh clinke dat hidu suit cao va cd thé diéu chinh tc do
lam lanh hgp 1y, theo cdng sudt yéu ciu.

Thi&t bi ghi 1am lanh c6 cdc dang:
+ San ghi nim ngang.
+ San ghi nghiéng.
+ San ghi lién hgp nghiéng va nim ngang.



Clinke trén san ghi lam lanh, chuyén déng theo phuong thitc chuyén
ddng song phing, day dbn clinke tir ddu néng dé€n ddu ngudi, nhitng cuc
clinke ¢6 kich thude 18n di vio mdy dip ham, dugc dip nhd roi xudng
bidng tdi xich, cling nhifng hat clinke nhé chui qua 16 ghi dudc thu gom,
chuyé&n vé kho chifa.

-
o

-
-]

- Ty . e ————
'
1
SR f&_
e |

1
]
'
'
'
1
L]
[
'
]
§
'
]
]
1
i
§
[
i
'
1
1
1
1
-

ey

Hinh 2.48: Mit cit doc ctia thi€t bi ghi [am lanh

1-Clinke tir & quay 5-Clinke 9-Quat hut

2-8an ghi fam lanh  6-Clfa din khoéng khi Jam lanh 10-Hé cyclone thu hdi byi

3-Khi thii 7-Quat cao dp

4-Miy dip ham 8-Quat trung dp

Vdi thi€t bi ght 1am lanh, clinke duge lam lanh nhanh, bing phudng

thite 1am lanh cuBng bifc, nhd quat cao 4p vA quat trung 4p; dong thdi cb
thé thi€t k&€ phan c4p nhiéu 1dn chiéu rong sin ghi, nén thi&t bi ghi lam
lanh ¢6 thé dat ning suit > 3000 tdn clinke/ngay.
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Hinh 2.49 : Sd d6 thi€t bi ghi lam lanh

Mot wu diém ndi bt cla thi€t bi ghi 1am lanh, 12 ¢6 thé tin dung
nhiét khi thdi sau qu4 trinh 1am lanh clinke, hdi luvu st dung cho thdp trao
ddi nhiét calciner, nhim gidm thip t8i da nhiét lugng tiéu tén riéng cho
qud trinh nung clinke.

4.3.5 - So sdnh cdc thong s6 ky thudt gita cdc phuong phdp
khé - phudng phip ban kho - phudng phap udt

Viéc so sédnh chinh x4c¢ sy khdc nhau giita 3 phuong phép, chi c6 thé
thyc hién khi st dung cling loai nguyén liéu va ciing nhitng diéu kién, &
cling vi tri sdn xud't nhu nhau. & day chi c¢6 thé so sanh sy khdc nhau cd
bdn giifa cic phudng phdp (bang 2.22).

Bang 2.22: So sénh c4c chi s6 dic trung giita cdc phuong phdp u6t,
phuong phdp bén kho va phuong phdp khd (chi so sinh nhitng gid tri cuc
dai va pham vi cuc dai clia cdc phuong phdp).

Cic dai lugng dic trung Phudng Phuong phdp| Phuong
phipudt | bdnkhd phép kho

Ning suit cyc dai tin/ngay 3800 1500-3300 5400-7000

Nhiét lugng tiéu tdn riéng

+ Thi€t bi 10 nung kj/kg 5000-5200 | 3100-3300 3100-3300

+ Tiéu ton cd sdy va nung kj/kg 5000-5200 | 3500-3700 | 3100-3300

Dién ning tiéu t6n riéng kwh/tdncl | 12-15 12-18 15-25

Ham &m ctia phdi li¢u % 32-34 12-14 0-1
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Qua bdng so sanh cdc chi s§ dic trung trén, cho thi'y phudng phip
khd 15 quay v6i thi€t bj trao d6i nhi€t, dat duge ning suit cao nhit, tiéu
ton nhi¢t nang thap nhit, tuy ring, tiéu 51 dién ning cé cao hdn. V1 viy,
hién nay sin xuit clinke XMP theo phudng phap khé 1d quay vdi thiét bi
trao ddi nhiét, ngay cang phat trién.

4.3.6 - Cac loai thi€t bj 16 nung khac

4.3.6.1 - Lo difng nung clinke xi ming portland

Lo dirng nung clinke 1a m6t &ng thép rdng hinh tru ding, trong 16t
gach chiu Wra, chi€u cao va dwdng kinh 16 thudng 6 1§ 1& xdc dinh:
H/D = 3,5-4 lin. Ty theo kich thudc 10 ma ¢é ning suit khdc nhau.

Thudng 10 ding c6 kich thudc dao dong trong pham vi: D = 2-3m;
H=8-12m.
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Hinh 2.50 : Ld ding nung clinke XMP

1-Thin 1o 5-Pong co 9-Bang tdi vin chuyén
2-Thié1 bi nap li¢u 6-Quat gié 10-Ong khéi

3-Phéu phan phdi liéu  7-Mai gié

4-Thig bj thioligu  8-Cita thio liéu
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Pai v6i 16 diing ¢é Kich thude hinh hoc twdng dbi 1dn, mite dé cd khi
héa cao, thian 10 ngoai I8p gach: chiu lira, bén ngodi con boc mdt 16p kim
loai mdng hodc ¢ dai bdo hiém, d€ 1 1am viéc dudc an todn. Lo difng ¢o
khi héa cao, thudng c6 thiét bi nap liéu vi thdo liéu hodn toan tw ddng.
B4t phdi liéu tir sild chita, chuy&n vao thiét bi tao vién, vién phdi lidu
duge chuy€n xudng thi€t bj nap liu vio 1d.

Dwra vido chiéu cao 10, nhiét 46 nung, cd thé phén chia 1 ditng thanh
3 z6n: z6n sdy, zon d6t néng va zon 1am lanh. BE tang cudng qud trinh
nung trong 1o ding, thudng dua gid néng hodc gid gidu oxy vao khu nung.

D81 vdi 10 dirng thd cong, kich thudc 10 thudng nhd hon 10 ding cd
khi héa, ning suit 10 thip, chat lugng clinke kém, cdng nhin lao ddng vt
va.

Thite ra, khdi ddu trong cong nghiép sdn xudt xi ming, 12 nung
clinke XMP trong 16 ding. Nhung v3i su phat tri€n cong nghiép sdn xuit
xi ming, so vdi nung clinke XMP irong 10 quay, 10 ding nung clinke XMP
bi€u hién nhiéu nhuge diém:

 Chid't lugng clinke khong 6n dinh, do d& dang chuyén t dang
BC,S2vC,S.

¢ Tiéu hao sifc lao ddng nhiéu,

» Tiéu t6n nhiét ugng riéng 1én, khodng 3300-4000kj/kgc!.

¢ Tiéu t8n dién ning riéng cao, khodng 20-30kwh/tancl.

Pic biét, ngay cd 10 ditng hién dai ciing chi dat ning sudt khodng
150-200 tdn cl/ngdy. Vi vdly, hién nay viéc nung clinke XMP trong 10
ddng bi han ch& nhiéu, chi con tén tai & mdt s& nude, hodc mot s& viing
khéng cé di didu kién phét trién céng nghiép sin xuit xi mang portland.

4.3.6.2 - Nung clinke xi miing portland trén bing xich k&t khdi

Thite ra, ngudn g&c bing xich k&l khdi xudt phdt tir cong nghiép
luyén kim, dugc ding dé nung thiéu k&t byi va nhitng hat quing nhé min.
Pé&n nim 1940, bing xich k&t kh&i mdi dugc sit dung trong cong nghiép xi
mang dé nung clinke XMP.

Nguyén 1y lam viéc: Thi€t bi gdm bing xich thép, vi thi€t bi 1Am
vigc & nhiét d6 cao 1400°C, nén trén bé mit sdn bing xich, ludn dugc phil
mét 1dp clinke bio vé trong sudt qud trinh nung, Nhién liéu cung cip cho
qué trinh nung, dugc trdn Iin trong hdn hodp phéi liéu va duge tao thanh
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vién, ¢6 ham 4m tr 12-15%. Nhién liéu thudng ding I loai it chat béc,
nhu bot than cdc hay bdt than andracit.., kich thude hat < 4mm. Nhién liéu
diing cho budng d6t ¢6 thé 1a than bdt, dAu mazut, hay nhién lidu khi. Khi
mdy lam viéc, cho vin hanh bing xich véi tdc d6 khodng 3~4em/phiit, tiép
theo rdi mét 1dp clinke 1€n bé mat bing xich diy 6-10cm. Cho van hanh
budng d6t, cho dén khi 18p phi clinke dudc d6t néng, tiép tuc cho rai 16p
vién phdi liéu c6 chidu day tr 30-50cm. Nén kh&ng ché nhiét dd viing két
kh&i d€n 1550°C. Sau khi sén phim nung qua viing két khdi, tao thinh
clinke, rdi xudng khoi bing xich, dugc vin chuyén vé kho chia. PE 1am
lavh clinke, nhd quat hit, hit manh khéng khi tam lanh qua 16p clinke &
viing k&t kh&i, xudng cdc budng hit bui, sau dé thii ra ng khéi.

D3&i vdi bing xich k&t khéi, ¢6 kich thudc: 2-2,5m x15-22m, c6 thé
dat ning suat tir 400-600Tckngay. Nhiét ning ti€u t5n riéng nim trong
gi6i han 4500-6000 kj/kecl.

Hinh 2.51 : Biing xich k&t kh&i nung clinke XMP

1-Bing xich thép; 2-Phéu chita vién phdi liéu + nhién liéu; 3-Phén chita clinke;
4-Budng d61; 5-Khdng khi; 6-Zon k&t khdi; 7-Sdn phim nung: 8-Thdo sin phim
(clinke); 9-Budng hiit khi thdi; 10-Quat hit; 11-Khi 1hdi

Nhugc diém cd ban clia phudng phap nay, 13 do thiét bj lam viéc &
nhiét dd cao, nén bing xich bi an mdn rdt manh, thém vao d6 1A khé khin
trong tao vién phoi liéu, so v8i phuong phdp 10 quay nung clinke XMP, k§
thuiit cong nghé cla phuong phdp ndy phic tap hon nhiu. Vi vy, hién
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nay phuong phip niy, khéng con tng dung trong sin xuit clinke XMP
nifa.

4.3.7 - Phudng huéng phit trién k¥ thuit nung clinke xi miing
portand

Su phdt tri€n k¥ thuit nung clinke xi ming portland cé hai phuong
hudng:

+ Phdt trién tiép tuc k¥ thudt nung clinke xi mAng nhu hién nay.

+ Sdng tao mdi vé& phuong phdp nung va thi€t bt nung dat hiéu qué
t6t hon.

» V& phdt tri€n ti€p tuc k¥ thudt nung clinke xi ming nhu hién nay,
cin chi y dén nhitng vin d€ chi yéu:

= Nhiét ning tén t5u riéng: Cin nghién citu khd ndng cdi tién
cdc chi tiéu k¥ thuit, nhim gidm thdp nhiét ning tiéu 18n riéng, cing gan
vdi nhié( ning tiéu tOn sidng 1y thuyél {q=700kcal/kge!). Dac biét dbi vai
16 quay phudgng phdp khd, vdi thi€t bt wrao d8i nhiét ¢6 nang suit >1800
tin cl/ngly.

v« Bién ning tiéu 190 riéng: CAn nghién cdu cdi tién cdc mdy
thi&€t bi (nhu thi€t bi vin chuyén, cdc loai quat gi6...), nhim gidm thdp
dién nang tiéu t&n riéng vdi didu kién cho phép.

» V&n ddu tf cd bin: Cin nghién cfu ning cao cbng suit cdc

mdy thi€t bi, nhim dat duge quy trinh cong nghé nung clinke XMP, ¢6
ning suit tir 5.000 tAn clingady.

» V& sing 1ao mdi phucng phdp nung va thi&t b nung dat hiéu qud
t5t hon.

Qua nghién cfu cho thiy, thdi gian nung clinke XMP khong chi phy
thude vao nhiét dd nung: nhu khi ning cao nhiét dd nung tr 1450°C dén
1750°C, thdfi gian nung cin thiét gidm manh tir 11 phit xudng con 20 gidy
[40]; ma cdn phu thudc vio phudng thife nung san phim nung, nhu:

» Khi nung san phim nung trong & quay, thdi gian nung dugc
tinh bing gid.

= Khi nung sin phim nung trong ddng xody, thdi gian nung dudgc
tinh biing phut.
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= Khi nung sin pham nung trong trang thdi 19 lig, thai gian nung
dudc tinh bing gidy.

Tré€n cd sd xdc dinh thie nghiém néu trén, phudng hudng sdng tao
mdi vé phudng phdp nung vi thi€t bi nung, 1a nung sin phim nung trong
dong xody, hay & trang thdi 16 Wing. Trén hinh 2.52, gidi thigu thi€t bi nung
thif nghiém, nung clinke XMP & trang th4i Io lirmg.

e N I

—~ ===+ Ddng khi l
= Dang vit Ligu

Hinh 2.52 : C4u tao 19 th& nghiém nung clinke XMP & trang thdi lg
litng [41]
I- Cyclon phdnitng  3- Cyclen tdch bui
2-Cyclentiénnung  4-Cyclon lam lanh
V@i phudng phdp nung clinke XMP trong cyclon phdn (ng, clinke &
dang hat bui trong trang thai 19 litng, ¢6 kich thudc hat min dat 20-25%,
linh theo lugng con lai trén sang N'0085. X& ly nhiét & nhiét do tir
1280-138C°C, th¥i gian nung dugc tinh trong pham vi gidy.
Né6i chung, viéc nghién citu phit trién mot phuong phip nung méi cé

hi€u qud, 1a cd mot vin dé rdt phitc tap, cn phii nghién ctu siu réng
hon.
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Chuodng 5
NGHIEN CLINKE XI MANG PORTLAND

5.1 - QUY TRINH CONG NGHE NGHIEN CLINKE XI MANG
PORTLAND

Clinke-sin phim cfia qué trinh nung chua phdi 1a xi ming portland,
W clinke khong ¢6 kha ning tic dung vdi nudc, d€ ti€n hanh qud trinh
hydrat héa, tao nén tinh chit két dinh va déng rin.

Nguge Jai, néu clinke dudc nghién min cung vdi phu gia (phu gia
didu chinh, phu gia thiy...) s& tao thinh xi mang portland, c6 tinh chat k&t
dinh, déng rédn, dic biét 12 tinh chit cuding do.

Céc cong doan cla qud trinh nghi€n clinke XMP
5.1.1 - U clinke xi miing portland

Clinke XMP sau khi ra khdi 16 nung, dugc dua vio kho 0 tlr 10-15
ngay, nhim muc dich:

= Lim ngudi clinke d&n nhiét 46 thudng, dé dim bdo higu qui
dip nghién trong may nghién. Trong kho 1, CaO tyr do trong clinke s& tdc
dung v&i hdi nudc trong khdng khi tao thanh Ca(OH), tao cho XMP &n
dinh thé tich trong qud trinh déng rin sau nay, cling nhu clinke don dé
nghién hon.

= P& dat duge muc dich trén, ngudi ta con phun nudc § dang
sugng md vdo clinke mdi ra 10, nhu viy hiéu qua lam lanh clinke nhanh
hon, rit ngdn thdi gian 0, gidm dién tich kho.

5.1.2 - Nghién clinke xi méing portland

Clinke XMP dudc nghién trong mdy nghién bi nhiéu ngin, 1am viée
theo chu trinh kin, hodc mdy nghién ding con lin, cling véi mot ludng da
thach cao (3-5%) dé diéu chinh thdi gian ninh k&t cda xi mang. Ngoai ra,
d& cai thién mot s6 tinh chat va tang sdn hugng cha xi ming, trong qud
trinh nghién, cdn cho thém mot lugng phu gia thily hoat tinh. Cédc loai phy
gia thuy hoat tinh, ¢6 thé nghién chung véi clinke, ciing c6 thé nghién
riéng sau d6 méi tron chung vao. Khong cho phép nghién clinke néng, vi
san phim thu duge ¢6 nhiét d6 qui cao, lam gidm ning suit mdy nghién,
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dnh hudng dén cdc chi tiét thiél bi trong may nghién. Ngoat ra, dd thach
cao c6 thé bi dehydrat héa ngay trong qud trinh nghién, lam gidm tdc dung
diéu chinh t6c dd ninh k&t cita xi ming.

Clinke trudc khi nghién, thudng dugc ti€n hanh dip sd b trong may
dip bia hay mdy dip him dén kich thudc 3 - 5mm, nhiim:

* Tidng ning suit miy nghién.
* Trénh dugc nhitng dch tdc, sy ¢d khi nghién.

Clinke c6 thé dudc nghién theo 2 cAp : ddu tién clinke s& dudc
nghién trong mdy nghién ding con lan, d&n kich thude < 1 mm, sau dé
duge nghién trong mady nghién bi ciing véi phu gia dé€n dat dé min yéu
cau.

Thuc t& cho thiy, kich thudc hat clinke cho vao miy tir 8§ -10mm,
ning sudt mdy nghién ting 10-15%; né&u kich thudc hat clinke cho vao
mdy tir 2-3mm, ndng suil mdy nghién cé thé ting 25-30%.

5.1.3 -Lam lanh va vin chuyé&n xi miing bt vé silo

Xi ming bt tr mdy nghién ra, cé nhiét d6 thudng tir 80 -130°C,
cting ¢6 khi cao hon, xi ming dugc ti€p tuc lam Janh trong cic silo chia,
qud tfinh lam lanh nay xdy ra rdt cham, nén cin nhiéu silo thi mdi ddp
fng yéu ciu cta nha mdy.

Xi ming bot sau khi 1Am lanh, duge van chuyén 1&n cdc silo chifa,
biing cdc thi€t bi vin chuyén nhu: vit tdi, bang tdi, gdu ning, bom khi nén.

Xi mang sau khi thdo khdi sito chiva, theo mdng trugt khi nén, dudc
dua vé ghu ning, d6 xudng hé thdng sing rung, nhim loai bé nhitng vit
la, i€p tuc roi xudng két chia trung gian, cip xi mang cho mady déng bao.
Xi ming sau khi duge déng bao dii khdi lugng, tw ddng roi xudng bang tii
van chuyén vé kho chifa xi ming bao.

5.1.4 - Bdo quan va déng bao xi miing

Khi xi miing dudc chifa trong silo, CaO w do trong xi ming s& ti€p
tyc hydrat héa, lam cho xi méing &n dinh thé tich khi déng rin.

Trong thdi gian lvu trif xi ming trong silo, ¢An ti€n hanh thir mot s6
tinh chdt clia xi ming nhu: thdi gian ninh k&, lugng nudc tiéu chuan, ham
iugng CaO tir do, tinh chat cudng do ..,



Silo 1a khu chifa trung gian, thudng ngudi ta thi€t k& silo cé dudng
kinh 18n, d€ gidm s& lugng silo chita xi ming. Silo chifa xi mang thudng ¢6
céc kich thudc sau:

Puding kinh: D =8; 10; 12; 15; 18m. Chiéu cao : H =15 - 30m.

Loai silo ¢6 D = 10 -12m, khd nidng chifa duge 2500 — 4000 tin xi
ming.

Loai silo ¢6 D = 18m, chifa duge 10.000 tin.

Loai silo ¢6 D = 8-12m, thudng dudc bd tri mot cum 6-8 silo.

Loai silo ¢6 D 16n hon 12m, thudng dudc bd tri mét cum 3-4 Silo.

52 - SO PO CONG NGHE NGHIEN CLINKE XI MANG
PORTLAND

Hinh 2.53 : So db cong nghé nghién clinke XMP vdi hé mdy nghién bi chu
trinh kin

1-Bunke; 2-Ti€p liéu bing ; 3-Mdy nghién bi; 4-Ghi thdo liéu; 5-Géu ning;

6-Thi€t bi phin ly khéng khi; 7-Ngin nghién hdi lvu; 8-Cyclon; 9-Loc bui dién;

10-Béng co
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Hdn hgp nguyén lidu: clinke, da thach cao, phu gia duge duva vio
may nghién bi (hinh 2.53). Tir hé th&ng bunke(1), hén hgp nguyén liu rdi
xubng hé ti€p lidu bing (2), di vio trong may nghién bi (3), thue hi¢n qua
trinh dap nghién min hdn hop phdi lidu. Hon hgp phdi lidu duge nghién
min trong may nghién, dudc thio qua ghi thio lieu (4), rdi xudng phéu
chita va dugc gau nang (5), ning 1én hé thi€t bi phan ly khénag khi loai kin
(6) (hinh 2.54). Tir d6, nhitng hat xi mAng dat kich thudc yéu ciu, sé& roi
xudng hé vit ti dua vé silo chifa. Con nhitng hat khong dat kich thudc, s&
theo hé vit tai trd vé ngin nghién hdi luu (7) nghién lai. BE thdng gi6 mdy
nghién, nhdy quat hit dit sau loc bui dién, hiit khdng khi chta bui xi ming
di vio cyclon (8) d€ thu hdi lai. Khdng khi va bui ti€p tuc di vio thi€t b
Toc bui dién (9). Tai diy, hau hét bui dude khit lai. Sau 46, khdng khi sach
dudc thai qua Sng khdi. Ngoii ra hé théng truyén dong (10) 1am quay mdy
nghién bi,

Hinh 2.54 : So db thiét bi phian Iy khdng khi loai kin

1-Vit liéu vio; 2- VAt liéu tho ra; 3- VAt lidu min ra; 4- Mdng trugt khi dgng;
5- Pia phin tin; 6- H& canh quay; 7- Vang phdn tdch; 8- Quat hit; 9- Khdng gian
14ng hat min; 10-T&m din vit lidu min; 11- Clfa gid; 12- Nén thu hdi vt lidu tho;
13- Né6n thu hdi vat Jiéu min; 14- Truc quat gié; 15- Pdng cd quat gid;
16- Pai truyén hinh thang; 17- Pdng cd tryc chinh; 18- H§ truyén déng bdnh ring
try.
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5.3- CAC LOAIMAY NGHIEN CLINKE XI MANG PORTLAND

Nghién clinke ciing vdi phu gia thinh xi mang portland, thudng dudc
thyc hién trong mdy nghién bi nghién kho, hodc may nghién ding con lin,
phd bi€n ¢6 2 loai:

* Hé mdy nghién theo chu trinh hd
* Hé mdy nghién theo chu trinh kin.

Hé mdy nghién theo chu trinh kin, ¢6 vu diém hon hé mdy nghién
theo chu trinh hd 1a: ¢6 so dd cong nghé gon gang, dd min xi ming cao,
dat ndng sudt cao, vé sinh cong nghiép t5t, ddng thi tiéu hao it dién nang.

5.3.1 - M4y nghién bi

Trén hinh 2.55, 1a mdy nghién bi nhiéu ngin thdo sin phdm xung
quanh thanh mdy. Cu tao mdy gém: ph&u nap liéu (1), thin mdy nghién
(2), trong thin mdy c6 14t cdc tAm 16t (3). Miy nghién dudc chia thanh 3
ngin bdi tim ghi ngdn (4) va ghi thio liéu (6). Trong cdc ngin c6 dd bi
dan (5). Trong ngin dau dugc d6 bi c6 kich thudc 16n, c6 tic dung chii y&u
1a ddp nho vit liéu; ngiin thit 2 duge d6 bi va dan c6 kich thudc nhd hon,
¢6 tdc dung vira dip va nghién nhd vat liéu; ngan th 3 ding dé€ nghién
hdi Iwu vat liéu, nén chi d8 dan hinh tru nhd, c6 tic dung chi yé&u Ia
nghién min vat liéu.

Hinh 2.55: Mdy nghién bi nhiéu ngiin thdo san phim xung quanh
thanh may.
[-Ph&u nap li¢u; 2-Thin mdy nghién; 3-T4m I6t; 4-Ghi ngiin; 5-Bi dan; 6-Ghi
thdo liéu; 7-Phéu thdo liéu; S—Cjng thong gié; 9-Ph&u hdi lwu liéu; 10-Binh
ring truyén dong
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M4y nghién bi quay dudc, nhd dong cd truyén chuyén déng qua hép
giam 18c¢, dén hé binh rang (10) lam quay mdy nghién. Khi mdy {am viéc,
nguyén lig¢u dude nap vio phéu nap lidu (1), di qua ngéng truc vio cic
ngan | va ngdn 2 clia mdy nghién, nguyén li¢u dudc ddp va nghién nhd,
ti€p theo di vio ghi thdo lidu (6), rdi xudng phéu thio liéu (7), dude pdu
ning dua 1én thi€t bi phan ly khong khi dé phin loai, nhitng hat dat kich
thude yéu cau dude dua di si dung, con nhitng hat thé quay lai phéu hdi
luu (9), vio ngin 3 clia mdy nghién nghién lai. Nhf thi&t bi phin ly khéng
khi trung gian, tao cho mdy nghién bi lam viéc theo chu trinh Kin, nh& dé
hi¢u qud dip nghién t8t, mdy nghién dat ning suit cao.

Nguyén Iy lam viéc cla mdy nghién bi: Khi mdy nghién bi quay. bi
dan chiu luc ly tAm, dugc ning 1&n db cao hop 1y ndo do, 16 rdi xuéng dip
nhé vit liéu ra. Ngodi ra, vit liéu con bi luc mai xiél gitra bi dan—vit
liéu—tam 16t, hodc giita bi dan—vit lidu-bi dan. Nhy viy, phuong thife tic
dung lvc 1a lye dap va luc mat.

N&u mdy quay chdm, bi dan dudc ning I€n theo thanh mdy rdi trugt
xudng. Lic nay sé& chi ¢6 hién tugng mai xiét giira vat lidu, bi dan véi tim
16t va gitfa vat liéu, bi dan vdi bi dan. Khi d6, luc tdc dung vao vit lig¢u,
chi ¢6 lyc mai xi€t 14 chd y&u, din dén ndng suiit may gidm.

Néu mdy quay nhanh hon, nhdy hec ly tdm, bi dan dudc ning lén cao
hon, d€n mét db cao nhdt dinh o dé sé roi xudng, dudi tdc dung trong
lugng ciia b dan, vit liéu duge dip nhd ra. Phuong thitc tic dung luc lic
nay, khdng chi ¢6 Iuc mai xi€t, mi chi y&u 1a luc va dap. Luc va dip nay
rit quan trong, néu t8c dé bi rdi cang nhanh, Ivc va ddp cang {dn, din dcn
ning suiit may nghién cing cao.

Né€u mdy quay qud nhanh, lic nay lyc ly tm thing trong luc ciia bi
dan, k&€t qui 13 bi dan bj bim vio thinh mdy va quay cling véi thinh mdy,
ma khdng rdi xudng dige. Nhu vy hidu qui dip nghién s& kém.

5,3.2 - Mdy nghién ddng con lin.

Mdy nghién ding con lin gdm: mdt ban nghién quay gquanh tryc
thing ding, dudc chuyén déng qua h¢ dong cd va hép gidm t8¢; cic con
lin nghién, dugc 1Ap dat tai nhifng vi tri ¢ dinh va bi ép xudng mit ban
nghién, nhd hé 1d xo 14p bén dudi.
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Hinh 2.56 : M4y nghién ditng con lin

Truc cia cdc con lin hinh c6n, dudc diat nghiéng mdt gée 15°, so véi
mit phing nim ngang cia ban nghién. Nhitng con ldn hinh c6n, khdng chi
thuc hién chuyén dong lin, ma cdn thuc hién chuyén dong trugt, bdi vi
truc ctia con ln va truc ctia ban nghién, khong cit nhau trong mit phing
ban nghién. Do d6, ¢6 sy chénh 1&ch t&c do giita ban nghién va con lan, tir
d6 c6 tic dung nghién min vit liéu, nhd Iyc mai xi€t dugce ting cudng.

Nhifng con lin c¢6 dudng kinh 16n, c6 thé dugc sdp x&p dé chay trén
mdt dién tich bé mit nhd ctia ban nghién. M&i quan hé gilta ning suit
may nghién, ty 1& véi binh phuong dudng kinh con lan.

Nguyén liéu thd, dugc cap vao trung tim mdy nghién tif phia trén,
rdi tric ti€p xudng ban nghién quay. Nguyén liéu dugc chuy&n xudng bén
dudi cic con lin va duge nghién min, nhd 4p luc ciia hé thdng 10 xo thiy
Iwc, ép 1én cdc con lin. Khi cdc con 1in chuyén dong trén 18p vat liéu cla
ban nghién, mot hé théng cdnh gat, gat vt liéu vao dudng ldn cla cdc con
lin. Nguyén liéu di dugc nghién min, nhd quat hit di 1&n thi€t bi phan ly
khong khi. Nhirng hat c6 kich thudc 16n dugc phin loai, rdi trd lai ban
nghién dé€ nghién lai. Nhitng hat min dat kich thudc yéu cdu, di ra khoi
thi&t bi phin ly cling véi dong khi, ti€p tuc di vio hé thdng cyclon thu hdi,
dudc dua di sif dung.

Trude khi khdi ddong may nghién, cdc con ldn nghién dugc ning 1én
khdi ban nghién, nh hé thdng thiy lyc. Biing bién phdp ndy, mdy nghién



c6 thé duge khdi dong, ¢6 hodc khong c¢é nguyén liéu véi mét moment
khdi ddng méiy nho, tudng (ng 40% so vdi mifc moment cin thi€t dé vin
hinh miy.

54 - CAC YEU TO ANH HUGNG QUA TRINH NGHIEN CLINKE
XI MANG PORTLAND

Khi ning nghién clinke XMP phu thudc nhiéu y&u t& nhu : nhiét dd,
dd Am nguyén liéu, cidp phdi bi dan, tinh chit clinke, chit trd nghién...
Ngodira ¢on phuy thudce:

* Phuang phép sdn xudt: clinke nung trong 1& quay khé nghién hon
clinke nung trong 10 ding.

e Loai vi mifc dd 1am lanh clinke: clinke dude 1am lanh nhanh d&
nghién hdn clinke dudc 1im lanh chim, clinke ngudi dé nghién hon clinke
néng.

e Tinh chit clia clinke; clinke chira nhiéu khodng C3A va C;S khé
nghién hon clinke cé chita it khodng C3A va C;S.

5.4.1 - Anh huéng ciia nhit do

N&u nhiét dé trong mdy nghién ting cao, thach cao sé& bi dehydrat,
dnh hudng d&n thdi gian ninh k&t v tinh chit cudng do cla xi ming.
Ngoai ra, do him Am trong mdi trudng nghién idn, vt ligu s& bam dinh
vio bi dan va tdm 16¢, lam gidm lyc va dap cla bi dan, din d&n 1Am gidm
hiéu qud dip nghién. Bé&n canh d6, & nhiét do cao, d§ hao mdn bi dan va
tAm 16t s& 16n hon. Nhiét d§ xi ming trong may nghién cin phii khdng
ch& < 110°C va khi vao silo < 70°C. Cic phudng phdp lam ngudi mdy
nghién nhy saun ;

» Lam ngudi bén ngodi bing cich wdi nudc todn thin vd mdy
nghién: Phuong phdp nay don gidn nhit, hiéu qud wong d&i cao, thudng
dudc sit dung v8i cdc may nghién ¢6 céng sudit < 100T/h.

* LAim ngudi bén trong bing khong khi : Phuong phip nay khéng
cé hiéu qud, vi Iuu lugng gié dnh hudng d&€n hiéu sut [Am viéc clia mdy
phan ly khéng khi.

= Lam ngudi bén trong bing nude: C6 thé phun mdt lugng nude
rdt nhd vio trong mdy nghién, mot phin d€ hap thu nhiét cud clinke;
nhung chd yéu 11 phd v3 hién tugng hap hdi cia mdy ngién. Khi nhiét do
trong mdy nghién ting cao, liic 46 mdi bit ddu phun nudc va lugng nudc
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phun vao phdi tinh todn k¥, n€u khéng s& lam gidm cudng d¢ cda xi
mang. Phudng phdp nay con c6 thé 1am ting d6 min cha xi ming, tuong
¥ng v6i ting ty dién b mat khodng >100cm’/g, hodc ning cao ning suit
cud may nghién,

Qua thuc nghi¢ém cho thay: N&u nhiét d6 rong may nghién clinke
khodng 50°C, ning sudt mdy nghién c6 thé ting khodng 15%, so vdi mdy
nghién clinke ¢ nhiét d6 khodng 100°C. N&u nghi€n clinke néng & nhiét

do 150 — 180°C, s& tam gidm ning suit khodng 40%, déng thdi lam gidm
cudng do xi ming.

Ximing ra khdi mdy nghién thudng ¢§ nhiét d6 110 + 120°C, cin ha
thip nhiét d¢ trude Khi vén chuyén xi miang dén silo chita. Bio qudn xi
ming d nhiét 9 qud cao s& d& xdy ra cac hién (wgng nhe

= Gdy dong cing gid, do lugng thach cao chuyén thanh thach cao
bdn hydrat (CaSO,0,5H,0 ) nhiéu,

» B& mit cdc hat xi ming d& bi hydrat hod cuc b, 1am gidm
cudng 46 ciia xi ming. Xi ming ¢é thé bi vén thinh cuc trong silo.

5.4.2 - Anh hu@ng d §m nguyén litu vio

Né&u ham dm cda nguyén liéu thank phin cip vio mdy nghién vugt
qud 1,5%, so vdi tdng lugng nguyén lidu dudc cdp vao mdy nghién, sé giy
dnh hudng rét 16n d€n qud trinh nghién. Lam gidm ning suit mdy nghién.

5.4.3 - Anh hudng cia kich thudc hat clinke

Kich thude hat clinke ra khdi 16 nung thudng dao déng tir 0 — 50mm,
trong khi d¢ kich thudc hat yéu cdu cho vio mdy nghién khoing 10-25mm.
Vi vy cdn phdi ti€n hanh dip sd bd clinke trude khi cho vio méy nghién.

5.4.4 - Anh huéng c&p phdi bi dan

Céap phéi bi dan, ¢6 dnh hudng rdt 18n dén ning suit cla mdy
nghién va d6 min ciia sdn phim. BE tang hidu qui dip nghidn, thuding
ding bi dan c¢6 kich thude khdc nhau, Cdc vién bi 18n ¢6 tic dung tao luc
va dip 18n, con cdc vi€n bi v dan nhé ¢6 tdc dung tao lue mai. Ty 18 %
kich thude bi dan khdc nhau, tuy thudc vao kich thude vat ligu vio miy va
d6 min yéu cdu cla sdn phdm. Ty s6 nay thudng dude xdc dinh theo kinh
nghiém.



5.4.5 - Anh hu@ng ciia chd' trg nghién

Trong qud trinh nghi€n, do hAm 4m, cdc hat mjn két tu lai v&i nhau,
hodc bdm dinh 1€n bi dan va tdm 16¢, ]am gidm kha niing nghién min vat
li¢u va tdng mic ti€u hao ning lugng dién cho mdy nghién. Do dé ding
chdt trg nghién d€ khic phuc cdc y&€u t& trén.

Chat trg nghién 1a: chdt ¢6 hoat tinh bé mit 16n, ¢6 khi ning hdp
phu manh hgi &m, pha v& hién tugng hip hot clia may nghién, nhd dé ting
khd nang dip nghién cla bi dan vdi vit Tiéu, tr d6 cé tic dung 1dng ning
sudt mdy nghién, ciing nhu lAm ting d§ nghién min clia xi ming.

Vi du: Thém 0,5% than hoat tinh ¢6 th€ ting d6 min xi ming 1&n
30% (ctng 1 ndng hrgng nghién) hodc rit ngin thdi gian nghién 28%
(chng db min).

Tinh chdt cta XMP, phu thudc nhidu vio do nghién min cda xi
ming portland. B$ nghién min cla xi ming portland cing cao, xi mang
déng rin cang nhanh va cho cudng 46 cao. D3Si vai xi ming pertland
thudng, yéu cAu do min 5-10%, tinh theo lugng cdn lai trén sang N°009 ;
ing v&i dac ty dién (phuong phdp Blaine) 3000 - 3500cmg. Bai véi xi
ming portland ddng rdn nhanh, cudng d6 cang cao, yéu ciu do min xi
ming cao hon.

Thuc nghiém cho thiy ring:

¢ Kich thude hat xi ming < 0,005mm, hydrat héa hoan toin sau 2
tuan,

* Kich thude hat xi ming 0,005mm - 0,04mm, chi hydrat héa sau
1 -2 tudn

¢ Kich thudc hat xi ming 0,04 - 0,06mum, chi hydrat héa bén ngoai.
» Kich thudc hat xi ming 0,06mm - Imm , bi tro khong hydrat héa.

5.5 - QUA TRINH VAN CHUYFN BAO QUAN VA DONG BAO
XI MANG

5.5.1 - Vin chuyén xi miing

Viéc vin chuy€n phéi ligu dang bdt min néi chung, hay vin chuyén
xi ming néi riéng, 1 mot khiu rdt quan trong trong cong nghé sin xui't xi
ming. NG lién quan khong nhirng d&€n vin dé kinh t&, k¥ thudt; ma cdn
dnh hudng rdt 16n d€n vin dé vé& sinh mdi trudng, trong nén sin xuit cong
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nghiép hién dai. Trong cong nghé sdn xudt xi ming c6 hai phuong thirc
van chuyén thudng dugc sit dung:

» Vin chuyén biing cd khi : bing tai cao su, vit tai, giu ning... Céc
hé théng van chuyén bling cd khi, thudng dugc sir dung dé van chuyén xi
mang c¢6 khodng cich tuong d6i ngdn. Ching cin nhiéu dién tich 1am viéc,
tiu thy it dién ndng hdn so véi hé thdng van chuyén biing khi nén. Nhung
nhugc di€m cla phuong thic vin chuyén bing co khi 1a d& sinh bui. Trén
hinh 2.57, gidi thiéu thi€t bi gau ning diung van chuyén xi ming 1&n silo
chifa xi ming.

Hinh 2.57: Hé giu ning van chuyén xi ming 1&n silo chita

1- VO mdy; 2- Biang xich mang giu; 3 - Trng quay ndi véi dong co;
4- TrOng quay ndi doi trong cing; 5- Vit liéu vio; 6- Vit liéu ra; 7- Silo chia xi
ming

» Vin chuyén bing hé théng khi nén: Phuong tién d€ vin chuyén
biing hé thdng khi nén 1a khong khi. Vin chuyén bliing hé thdng khf nén c6
thé phén loai theo phuong thifc tic dong clia khong khi nén dé&n qu4 trinh
vin chuyén nhu'sau :
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VAN CHUYEN BANG HE THONG KHI NEN

BAY THEO DONG KHI NEN

BOM VIT KHI NEN

BOM HOM KHI NEN

LUC PAY BANG KHI NEN

CHAY THEO DONG KHi NEN

Hinh 2.58: Céc phuong thitc vin chuyén biing hé thdng khi nén

e Phuong thiic vin chuyén bay theo dong khi nén : vat liéu vin
chuyén & dang hat min, c6 khdi lugng riéng nhd, § trang thdi 1o liing trong
dong khi, bay theo dong khi nén véi t6c do 16n va dudgc vin chuyén di xa.
Cdc thi€t bi dic trung 12 bom vit khi nén va bom hom khi nén (hinh 2.59).

Hinh 2.59: Sd d6 ciu tao ctia bom hdm khi nén.

1-Két chita; 2-Budng dp luc; 3- Hé thong 6ng din khi nén; 4- Voi phun;
5- Khi nén thdi vao budng; 6- Khi nén vin chuyén vit licu; 7- Pudng &ng vin
chuyén xi ming;
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* Phuong thifc vin chuyén bing luc ddy ctia khi nén: Vat liéu van
chuyén & dang hat min, nhd dong khi nén c6 dp luc 16n ddy thing Ién cao.
Thi€t bi dic trung 1a mdy ning kki nén. Chiéu cao vin chuyén cuc dai cia
mdy ning khi nén c6 thé dat khodng 80 m.

1-Thing chira vit liéu

2- Vit liéu vao

3- Dong khi nén thdi vao
4- Budng hdn hop

5- Voi phun din hudng

6- 6ng vin chuyén vit liéu

Hinh 2.60: So d6 cdu tao cia mdy ning khi nén.

* Phudng thifc chdy theo dong khi nén: thi€t bi dic trung 12 méng
trugt khi nén. Médng trugt c6 ti€t dién hinh chif nhit, dugc chia 1Am 2 phén
bdi tAm vdi dét A, khdng khi nén c6 thé di qua (hinh 2.61-a). Kénh dudi B

1a kénh din khi nén,

Hinh 2.61: Sd d6 cdu tao va cdch bd tri méng trugt khi nén trong nha mdy

a)- Ciu tao ti€t dién mang trugt khi nén; b)- Cach bé tri méng trudt khi nén
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Trong kénh din khi nén, nén kkSng ché 4p Ic khi nén 20005000
Pa. Kénh trén C 12 kénh vin chuyén cla vat li¢u rdi. Khi mdy lam viéc,
khi nén tf kénh din dudi qua 16p vdi x8p di 1&n kénh din trén & dang
phan tdn min. VAt li¢u Id Iiing theo dong khi chdy nhu chit 18ng, do ming
trugt duge dit nghiéng véi d§ nghiéng 5-15%.

So sdnh véi phudng thic van chuyén bing co khi, phuong thic van
chuy€n bing hé thdng khi nén c6 nhitng wu diém sau:

* D& dang dinh hudng duding vin chuy&n va nhu ciu dién tich lam
viée nhs.

* Su vin chuyén khong phu thude vao thdi ti€t va khdng 6 bui.

* Hiu nhu khong cin bdo dudng, vi thiét bj khéng di chuyén.

¢ Kha ning tr ddng héa rit (ot

e Gi4 thi€t bi thdp hon so vdi gia thi€t bi van chuyén b} ng ¢o khi.

Tuy nhién vén chuy&n bling khi nén ciing cAn chi y nhitng nhugc
di€m sau:

* Phuong thife van chuyén biing khi nén chi ¢6 thé van chuyén vit
li¢u khd, min.

e Ciing mdt thi€t bj khong thé tham gia vin chuy&n nhitng vt lidu
khdc nhau.

» Tiéu t0n ning lwgng riéng rat cao.

* Bi hao mon nhi€u & nhitng phdn 1Am viéc ciia &ng vin chuyén
dudi tic dong ciia dong khi nén.

Ngdy nay, trong cong nghiép sdn xuit xi ming thidt bj van chuyén
bing hé thdng khi nén vAn 13 nhimg thi&t bj wu viét trong cOng nghé vin
chuyén vt liéu & dang bdt kh, min.

5.5.2 - Silo chita xi ming

Silo chifa xi ming 12 thi€t bi trung gian trong qud trink sin xudt xi
mang. Silo ¢chifa ¢6 nhi¢m vu bio quan xi mang thinh phim rudc khi xuat
xudng. TEng siic chifa cla silo phy thude vao cdng suit clia nha m4y, diéu
kién sdn xuit cla nhd mdy, cling nhu nhitng bi€n ddng trong khau sin
Xuf't xi ming.
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Sttc chita silo c6 thé tir 100015000 tdn, nhung thudng chon sifc chita
cila silo 1a 5000 hay 10000 tdn.

Silo c6 cdu tao dang hinh tru (hinh 2.62). Silo ¢6 stfc chda < 1000
tin, c6 thé ch€ tao bing thép, silo 16n hon thudng duge ché tao bing
bétdng cb1 thép, dat hiéu qua kinh & k§ thuat 8t hon.

§- Silo xi midng
2- Mdy nang khi nén
3- Ong din xi ming

4- Kétchita
5- Vit van chuyén
6- Loc byi i

7- Thio xi mang bing khinén
8- Stec 516

9- Siec tau hda

10- Cdu thang

Hinh 2.62: Silo chifa xi ming portland
5.5.3 - Ddng bao xi miing

Xi ming sau khi thdo khdi silo chita, dude vin chuyén bliing ming
trudt khi nén, d8 xudng gdu ning, tir d6 dudc ning 1&n d8 xubng sing
rung, d€ loai nhitng vét lidu 1a, cdn xi ming roi ti€p xudng két chia, cdp
liéu cho mdy déng bao. Trong khu vifc déng bao, nhit thiét phii 1dp thiét
b loc bui d€ dim bdo vé sinh moi trudng.

Xi mang thudng dugc déng trong bao gidy 50kg. Cic bao gidy diing
cho cdc may déng bao cé voi tif ddng, thuding ¢6 thé c6 ¥ 3 - 6 16p gify.
S6 18p gidy phu thudc vio phudng phdp xuit xi ming va cich bic x&p.
Loai gify krap s& cho loai bao mém va dai nén c6 thé chi cdn ¢d it 16p
hon.

Trong qué trinh d6ng bao hay vin chuyén, cdc bao xi ming ¢6 thé bi
hdng, do bao gidy qud khé. Diéu nay thudng xdy ra trong diéu kién thdi
ti€t kha. Do m clia bao gid'y khodng 6-7%, c6 thé dat dd cin bling tdt vé
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kha ndng chiu kéo cing, d6 mém va khé ning chiu xé. Thudng tng vdi do
dm tuwong ddi cia khéng khi 50%, & nhiét do 20°C 1a thich hdp.

Mdy déng bao c6 nhiéu loai: 5, 6, 10, 12 va 14 voi. M4y déng bao tu
dong nidng suit 35-50 tdn/h (hay 700-1200 bao/h). Loai 12 voi dat 90
tdn/h, loai 14 voi dat 120 tan/h.

Xi ming bao dugc van chuyén va bdo quin trong kho chita. Kho xi
ming can kho rdo, trdnh #m udt, lam gidm phdm chit cia xi mang.

Nguyén tic lam viée clia mdy déng bao xi miing:

& day, chi don cif vi du nguyén tfc 1am viéc ciia mdy déng bao xi
mang voi tu dong (hinh 2.63).

1- Kétchita xi ming
2- Tiép liéu truc quay
3- Pong co

4- Voi phun

5- Midng d3 bao

6- Cdnhtay don

7- D&i trong

8- Khda dién

9- Thié€t bi ddy bao
10- Chét gi bao

11- Khéa dién

12- Ong hit bui

13- Ong din bui

Hinh 2.63 : So d6 mdy déng bao xi ming vdi tu dong

Xi miang tir két chita (1), dudc ti€p liéu truc quay (2) , 1am viéc nhd
dong cd (3), thdi xi ming theo vdi phun (4), vio bao chifa xi ming. Bao
chifa xi ming dudc tya trén mdng 4d bao (5), qua don b:‘fy (6) cin bﬁng
v8i di trong (7) {50kg}. Khi xi ming di diy bao, thing d&i trong (7), don
bdy hoi léch vé bén phii, déng khéa dién (8), lam quay dong cd, tic dong
vao thanh dfy (9), ddy bao xi ming rdi xudng bing tdi, chuyén bao xi
ming vao kho chifa. Chu ky ti€p theo, khi cho bao gidy vao vdi phun (4),
chdt giit bao (10) tdc dong vao khéa dién (11), mach dién dugc dong lai,
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lam quay dong cd (3), ti€p liéu truc quay (2) lam viéc, phun xi ming theo
vOi phun (4) vao bao chita xi ming. Qud trinh cif ti€p dién theo chu ky...
Ngoai ra, can phdi bdo ddm vé sinh cong nghiép, bui xi ming dudgc hut
theo &ng hit bui (12), theo 6ng din bui (13) qua loc bui tii thu hdi lai.

Hinh 2.64: So d5 hé m4dy déng bao 3 vdi tv dong vdi thi€t bi boc
dd bao XMP
1-Xi méng t sild; 2- Gau niang; 3- Mdy déng bao; 4- Thi€t bj loc byi tii; 5- Bing
tdi vin chuyén bao XMP; 6-Vit vin chuyén bdt hdi Iuu; 7- Thiél bi sip x&p bao
cho 6 t6; 8- Thi€t bi sip x&p bao cho tau hda; 9- Pham vi lam viéc cia mdy bdc
dd bao.

Trén hinh 2.64 gigi thiéu hé thdng bdc d3 bao xi ming v4i ba thanh
phan chinh:

e Mot mdy déng bao 3 vdi véi thi€t bi vin chuyén bao.

e Mot thiét bi bdc dd bao c6 kha ning sip x&p va xoay dugc dé chat
bao 1én 6 6.

e Mot thi€t bi boc dd bao c6 khd ning sip xép bao 1én wa-gon tau
hda.

5.6 - KHU BUI

Khir bui 124 mdt khiu quan trong trong vin dé vé sinh cong nghiép
clia mot nha mdy sin xui't xi mang. Trong cdc nha mdy sdn xuf't cdc chat
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két dinh n6i chung va sin xudt xi ming néi riéng 13 ndi “sin xuit bui” va
phét sinh bui nhiéu nhat.

Trong qué trinh sdn xui't xi ming can phai ti€n hianh dap nghién hdn
hgp nguyén vat li¢u thinh dang bt min, ¢6 kich thude < 100um. Hén hgp
phdi liéu nghién min, dudc nung d&n két khéi tao thanh clinke. Clinke lai
duge nghién min ciing phu gia thanh xi ming portland. Nghia l1a toin bd
qud trinh sdn xuat XMP 13 qud trinh sdn sinh bui. N€u mot nha mdy sin
xudt XMP v6i ning suit | triéu tin/nim, cdn phai gia cdng, nghién min
1,6 triéu tdn bot phdi liéu/ndm. Trong qué trinh s&n xudt dé s& phét sinh
khodng 330.000 tin bui phin tdn trong khi thii dudc thu hdi lai.

Trong diém phdt sinh bui trong qud trinh sin xuidt XMP nim trong
cdc cOng doan sau:

Qu4 trinh nung hdn hgp phdi lidu thanh clinke.

Nghién min hdn hgp phéi liéu va sdn phim.

Lam lanh clinke XMP.

Ti€p liéu, khudy tron, 1am tdi, thdo khéi sito d&i véi phéi liéu, sin
phim dang bdt min.

« Nap liéu, khudy tron, thio liéu khdi ngi chita, d8i vdi nguyén lidu
va phu gia dang cuc.

» Vin chuyén bling nhitng thi€t bi vin chuy&n lién tuc (bing giu, vit
xodn, bing tai).

» Pdng bao va thio dd sdn phim.
o Dip nghién va phin loai nguyén vit lidu.

St khir byi khéi khi c6 thé xdy ra theo nguyén t{c 1{ng va loc. DI
vdi sy 1ing ngudi ta sif dung rong lute, Iyvc ly tdm, lyc qudn tinh va luc tinh
dién, d€ ché& tao cdc loai thi€t bi khi bui.

Thuc t€ trong cdng nghiép sdn xudt xi ming chi ¢ 3 loai thiét bi
khit bui quan trong: cyclon khir but, mdy loc bui tii va thiét bi loc bui tinh
dién.

5.6.1 - Cyclon khit bui

Cyclon duigc ciu tao bing mdt vé thép dang hinh try, phan dudi
dang hinh non.
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Ong din hdn hop khi va bui vao, theo phuong ti€p tuyén hay dang
xo4n 8¢ v&i phin hinh tru.

Dong khi sau khi tach bui, thodt ra theo 8ng din dugc 14p trén phin
hinh try, bui dugc 1ing ¢ dinh phan hinh nén di vio ngin thu héi byi. Kich
thudc chinh ctia cyclon 13 dudng kinh D clia phdn hinh tru. Trén hinh 2.65,
gidi thigu ti 1€ xich ca mdt cyclon khit bui ti&u chuin. Nh3 dong khi
mang theo bui di vio theo phudng ti€p twy&n hay dang xofn 8¢, tao nén
ddng xody tf trén xudng duéi phan hinh tru. Dudi tdc dung chia dbﬁg X0dy,
lye ly tim xuat hién, 1dm cho cdc hat byi va vao thanh &ng hinh try, mit
ddng ning, dudi tdc dung chia trong lvc, hat bui tdch ra khdi dong khi, rdi
xudng ddy cyclon di vio ngin thu hdi bui.

;
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I T
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o {Fe]
i 5t ;
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i
. . A

E- Khi mang bui vao !

Al- Khi thodt ra —t
AIL- Bui thu i 772
1- Ong thost khi
2- Ngin thu hdi byi <
3- Cyclon: khi vao theo phudng 3
1i€p tuy€n e
4- Cyclon: khi vio theo hinh
xodn 8¢ :

5- Ti&t dién hinh tron bi chin. 4
©

Hinh 2.65: Sd d3 cila cyclon khif bui tiéu chuén

D3&i v6i mdi loai cyclon ¢6 mSi lién hé giita d6 16n hat bui, t6n thit
dp sudt vd 0 khi byi. Ngudi ta nhin thiy ring, khi d6 16n hat bui gidm,
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dd khif byi chi t6t hon rat it, nhung (8n thit 4p sudt ting 1&n rit nhidu. Tir
dé, ngu'dl ta im thdy diém lam viéc hiéy qud, v6i do khi bui 8t, tuang
ing vdi tdn thit dp suit <1200 Pa. Vi thé, ddi véi tru'dng hgp lru lugng
dong khi 16n va hat bui rdt min ngudi ta s dung mdt s8 cyclon ¢6 dudng
kinh nhd dit song song ( 4-12 cyclon)- goi 13 hé cyclon 8 hop.

Trong qua trinh nung clinke XMP theo phudng phdp khé 10 quay véi
cyclon trao d8i nhiét, nhim i ng cudng hig¢u qud qud trinh nung, ting ning
suat 10, dong thai rat ngin chiéu dai 15 nung. Cyclon trao d8i nhiét ¢6 sur
khdc bi¢t vdi cyclon khif byi tiéu chudn. Sy khdc biét ¢d ban nhit 11 ¢ &
giita chiéu cao/dudng kinh cyclon (H/D). & cyclon khir bui ti 1& ndy 18n
hon nhiéu so v8i cyclon trao ddi nhi€t. Qua d6 cho thdy: d&i vdi cyclon
khit bui, sy khit bui ¢6 hiéu qud dudi tdc dung cha dong xody, cdn dGi véi
cyclon trao d8i nhiét sy ldng khi di vao cyclon mdi quan trong, Mit khéc,
ddi véi cyclon khit bui do méi thdng quan thich hgp giira gia t8¢ ly tim va
dudng kinh, nén d6 ling bui t8t han so vdi cyclon trao di nhiét. Bo ling
bui ctia cyclon khif bui dat dwge 0,98, con ddi vdi cyclon trao ddi nhiét chi
dat 0,9-0,97. Tdn thit 4p suat clia ¢4 hai loai 1a khodng 900~ 1100 N/m?,

Trén bing 2.23, chi ré di€u kién [am viéc clta hai loai cyclon trén.

Béng 2.23 : Diéu kién lam viéc khdc nhau ca hai loai cyclon

Diéu kién lim viéc Cyclon khit byif Cyclon trao ddi nhiéy]
T8¢ 46 dong khi vao [mv/s] 17-20 20-21
T&c d6 khi thodt ra Gng din [m/s] 21-27 15-17
B¢ 18n trung binh hat vt liéu vaojpm] 20-200 18-22

5.6.2 - Thi€t bj loc bui ti

Cau tao ciia thiét bj loc bui tdi gdm cé vd bing kim loai, dudc chia
thanh nhiéu ngin, rong mdi ngan duge 1{p cdc tii v&i, phia trén lién kél
véi mdy rung, d€ i bui (hinh 2.66).
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Hinh 2.66: Ciu tao va nguyén tic 1am viéc cla thi€t bj loc bui tidi
1- 6ng din khi va bui vio; 2- Kénh d&n khi va byi; 3- Ké&nh thu hdi bui; 4- Vit
vin chuyén; 5- Cita thdo bui; 6- Tui vii; 7- Mdy rung; 8- Van cho khdng khi rifa;
9- Kénh din khong khi rita; 10- Van cho khi sach; 11- K&nh dan khi sach; 12- Ong
din khi sach; 13- Van &ng thong gid; 14- Quat ly tim; 15- Ong khoi.

Béng 2.24 : C4c loai vat lidu s¢i st dung cho thi&t bi loc byi tai [42]

o Tén thuong I(hmju’cjng Nhiét d(;.w Tinh bén viing
Loai sgh . riéng cire dai 4
mai ) . Sn
: lkg/m’) [ K] acid| base riing
Len 1320 368 + - -
Bong vii 1480 358 - + .
Polyvinylchlorid  [Piviacid
( PVC-F) (Xo dang cdt) 1420 338 + 0+ +
Polyacrylnitil WOLPRYLA
(PVY-F) (X0 dang cd1) 1150 398 | + | + | +
Polyester GRISUTEN
(PE-F) (Xadang cdn) |34 23 || -] o+
GRISUTEN

Polyester (Dang t0)
(PE-S) ’ DEfDERON 1380 423 + - +
Polyamid (Xd dang cdt)
Polyamid (Dang 1d)
(PA-S) TEFLON 1140 368 - + -
Polytetrafluorathan 2300 523 + + +
Thoy tinh 2540 600 + - +
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Nguyén tfc 1am viéc, hdn hogp khi vi byi duge diin vao &ng din I,
theo kénh din 2 di vao cdc ngan. Tai mdi ngin, nhd quat ly 1dm 14, hat
hén hgp khi va bui di vao cdc tii vdi 6, bui bi giif lai trén b& mat tdi vai,
nh¥ médy rung 7, byi rdi xuéng kénh thu héi 3, theo vit van chuyén 4, rdi
xubng clia thdo bui 5, d€n két chita thu hdi byi. Khi sach theo &g dan 12,
dugc thai ra theo 8ng khdi 15.

Viéc 1am sach tii dugce thyc hién bing cach g6, rung, va dip hay rira
sach biing dong khong khi néng. Trong qud trinh lam viéc, tdi bi 4m, bui
bam dinh 1&n bé mat vii, ngin can khong khi di qua bé mit vai loc. Vi
viy, theo chu k¥, ngudi ta ding khong khi ndng din vio kénh din 9, qua
van 8, di ngudc vao 1am sach cdc tdi vai loc,

Nhugc diém cha thi€t bi loc bui ti 12 t8n thit 4p suit tudng ddi cao,
do d6 yéu ciu cong sudt 18n. Thém vao d6, loc bui tii bi gidi han bdi
nhiét d6 lam viéc clia khi, & vai khong bi phd hhy. Vit liéu d€ 1lam tii
loc byi 1a v&i, da, dudc ch€ tao (i len, sgi bdng vadi hay sdi nhin tao. Viéc
chon loat sgi thich hgp nén dya vao nhiét d6 1am viéc cua dong khi va d6
bén yéu cdu cila tii loc (bing 2.24).

5.6.3 - Thi€t bj loc byi tinh dién

Trong thi€t bi loc bui tinh dién, ngudi ta ddn dong khi chiva bui di qua
mot dién trudng; trong dién trudng d6, dién cuc Am duge tao thinh bing
ddy kim loai ciing méng, cdn dién cuc duong dudc tao thanh biing 1dm kim
loai ¢é hinh dang tudng (ing.

Mat vat thé rin hay Idng trong mdt dién trudng sé bi phin cyc, nghia
13 dién tich chuy&n déng ciia né tip trung theo hudng dudng sifc clia dién
trudng; do d6 dién tich ducng chuyén vé€ vi ui andt, cdn dién tich am
chuyén dén vi tri katSt. Vi thé, nhi]'ng phan tif khi bi ion héa trong dién
trudng (tich dién dm), tip trung & dinh tich dién duong trong trudng phin
cuc, con nhitng hat vt rin trung tinh tai tich dién dm.

J dién cuc ndi dat, nhifng hat tich dién lai chuy&n dién tich cla
ching cho dién cuc va trd thanh hat trung tinh. Trén hinh 2.67, sd dd mé ta
qud trinh tich dién va qud trinh chuyén van dién tich cha mot thiét bj loc
bui dién.
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Hinh 2.67: S0 d6 qu4 trinh tich dién va qu4 trinh chuy@n vin dién tich cia
thi€t bi loc bui tinh dién.

1-Sy phin circ; 2-Phéng dién quing sdng: 3- lon héa khi; 4- Tich dién cia hat
bui; 35-Phéng dién cia hat boi.

Trong thuc t€, thi€t bj loc bui dién dang tim v6i chidu rong:
0,2-0,5m.Dién thé lam viéc trong khodng 20 va 80 kV, c6 thé tién gin (6i
dién 4p phéng dién bé mit. TGc do dong khi trong khodng 0,3 va 1,2 m/s,
thdi gian luu lai trung binh cla khi trong dién tudng nim giira 10 va 40s.
Lugng dién ti€u thu cda loc bui dién phy thudc vao ham lugng bui chia
dong khi v3 vao dién trd cla bui, n6 nim giita 0,1 va 0,8 mA/m?, lién quan
twong ng v8i bé mit ciia dién cuc ndi dat. BE didu chinh dién 4p cao
ngudi ta st dung mdy bi&n 4p véi bd khuéch dai kidu it tinh.
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Hinh 2.68: So d6 cdu tao thi€t bj loc bui tinh dién nim ngang

1-Hudng khi vao; 2- HuGng khi di ra; 3-Ong khuéch tdn; 4-Ph&u thu hdi hat thé;
5- B0 phdn din dién vao; 6-Sif cdch dién; 7-Khung d3 diy phéng dién; 8- DGi
trong cing diy phéng di¢n; 9-Bién cyc ndi ddt; 10- Thu hdi byi- vin chuyén vit;
11-Cifa thdo bui; 12 -Mit bich clia mdy van chuyén vit; 13- K&t cdu chiu lyc;
14- San cbng tic.

Trén hinh 2.68, md td ciu tao clia mdt thi€t bi loc bui tinh dién. Uu
diém ndi bt ciia thi€t bj loc byi dién 12 1am viéc v6i ning sust Iuu Iugng
khi 18n, trong khi d6 t&n thit 4p sudt lai thp tir 100-200 Pa. Tuy nhién gi4

thi€t bi tvong ddi cao, vi th& thi€t bi loc bui dién véi lvu lugng khi dudi
10 m’/s, 1am viéc s& kém hiéu qué kinh t& hon so v8i thi&t bi loc bui kh4c.
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Chuodng 6

HOA LY QUA TRINH PONG RAN CUA XI MANG
PORTLAND

Khai niém chung

Khi mgt chit hod hoc tic dung v8i nudc, ¢6 thé x3y ra mdt trong hai
trang thai khdc nhau: phan i¥ng thuy hod va phan &ng thuy phén.

Phan @ng thuy hod: LA phin itng, khi mot chit hod hoc tic dung
v8i nudc, nude chi lién k&t v&i hgp chdt d6 & trang thdi nude lién két hod
hoc, ma khdng phan huy hdp chat dé.

Vi du: khi anhydrit (CaSOy) tic dung v8i nudc, xdy ra phdn (tng thuy
ho4 chuyén thinh thach cao ngdm nude:

CaS0, + 2ZH,0 = CaS0y.2H,O

Phan @ng thuy phidn: L& phdn (ng, khi mot hgp chit hod hoc tdc
dung véi nudc, dudi tic dung cha nude nd bj phin huy thinh hop chit mdi,
tuy nudc § nhitng hgp chit ndy ciing & trang thdi nudc lién k&t hda hoc,
nhung hoin toan khdc hop chit ban dau.

Vi dy: phan ¢ng thuy phin c¢la silicattricalcit (3Ca0.8i0,) dudi tic
dung clia nwdc chuyé&n thanh 2 s3n phdm mdi, ddng thdi lién k&t véi nude
& trang thdi nudc lién k&t hod hoc:

2(3Ca0. Si0,) + 6H.0 = 3Ca0.28i0,.3H;0 + 3Ca{OH),

Trong qud trinh déng rin cla xt ming portland ciing nhi cdc loai
cdc chit két dinh khéc, qui trinh x3y ra phdn Ung thuy hod va phin img
thuy phin cda cdc chit k€t dinh, duge goi chung 13 qud trinh hydrat cia
cdc chd't k&t dinh. Trén cd s& khii niém dé, cho phép chiing ta khio sat
qué trinh déng rédn clia xi ming portland, ciing nhir cla cdc chdt k&t dinh
nhu 12 mdt qud trinh hydrat héa.
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6.1 - CAC SAN PHAM HYDRAT CUA CAC CHAT KET DINH

6.1.1- Cdc hydrat cia hé 2 va 3 ciu tit.

Tit cdc hé 1,2 vd 3 cAu tlf clia cdc khodng chit két dinh, khi nghién
clfu co cdu hop chit cGa né dudi tdc dung cia mrde, ching ta xem nudc
nhu 12 mét ciu t& cha hé 2 hodc 3 ciu tlf clla san phdm hydrat mdi.

Vi du: CaO-H,0 : hé 2 cau tly
Ca0-Si0;-H,O: hé 3 ciu wr
Ca0-AlLO;-Fe,05-H,0 1 hé 4 ciu tiy.

6.1.1.1 - Hé hydrat 2 cfiu tif.

Nhy chiing ta di bi&t, thainh phdn hod hoc clia cdc chit két dinh chd
y&u gbm cdc oxyt ¢d ban sau: Ca0, Mg0, Si0,, Al,Os, Fe,0;. Trong dé

Ca0 va MgO 1a nhitng oxyt base, con Si0O,, Al;O;, Fe;Os 1 nhitng oxyt
acid. Truwdc hét chiing ta hiy khdo sdt h& 2 cu tf clia cdc oxyt base.

a) Hydroxit canxi va hydroxit manhezi.
» Hydroxit canxi.

Oxyt canxi nguyén chit khi téc dung v6i nudc, xay ra phin tng thuy
hod, tao thanh hydroxit canxi:

Ca0 + H,0O =Ca(OH), + Q

Hydroxit canxi tao thanh ¢6 thé & dang bdt min rat x8p, hodc néu
thira nude, & dang b6t nhdo. Qud trinh hydrat tac thinh Ca(OH),, 13 mdt
qud trinh tod nhiét rit manh. Lugng nhiét tod ra c6 thé€ dat t6i 270
cal/gCa0. Lugng nhiét tod ra cao nhu th& din dén qud sdi va bay hoi nude
manh. Thuting ngudi ta goi qud trinh hydrat cia CaO 13 qua trinh t81 voi.

Tinh chat ciia hydroxit canxi:

* D5 hoa tan clia Ca{OH), trong nudc rdt bé, khi ting nhiét d9, dd hoa
tan clia Ca(OH), giam. O 20°C d6 hoa tan cla hydroxit canxi; 1,19gCaO/,
nhung & 100°C d6 hod tan chl cdn 0,44 gCaO/] (bang 2.25).

Bang 2.25: Bd hoa tan cla hydroxit canxi phy thudc vao nhiét o
[gCa0/1]

Loai hat | O°C | 10°C[20°C] 30°C | 50°C | 75°C{100°C| 120°C
Hat tho L38 | 129 | LL19¢ 1,10 | 091 | 0,68 044 025
lum 1,43 1,3 | 1,23 1,14 | 094 | 0,70 046 | 0,26
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Khi ¢6 m3t cdc mudi hoa tan, d6 hoa tan clia hydroxit canxi bi&n déi
manh. Pac bi¢t 1a dnh hudng cla oxyt kiém (alkali) va thach cao. P 1a
thinh phin chiing ta thudng gap nhat trong qud trinh déng rdn clia cdc chat
két dinh thuy lyc (xi ming portland, xi ming portland- xi ...)

Khi hoa tan ddng thoi hydroxit canxi va thach cao (CaS0,.2H,0) &
25°C, d% hoa tan clia sunfat canxi: 1,693 gCaS0/1 va clia hydroxit canxi:
1,389 gCa(OH)./.

Khi ¢6 mat ddng thdi hydroxit canxi va kiém alkali trong dung dich,
dd hoa tan cia hydroxit canxi gidm nhiéu, lvgng Ca(OH), hoa tan chi con
0,151gCa(OH)./1, (& 25°C). Mit khdc d6 hoa tan ciia hydroxit canxi trong
nudc dudng tdng 1&n rd rét, nguyén nhin 13 do tao thanh saccharat canxi
hoa tan. D$ hoa tan clia hydroxit canxi trong dung dich dudng:

Trong 1 lit dung dich dudng 1%, d6 hoa tan clia Ca(OH); 1,58g CaO/l
Trong 1 lit dung dich dwdng 2%, d6 hoa tan cia Ca(OH), 2,4g CaOfl
Trong | lit dung dich dudng 4%, d6 hoa tan ciia Ca(OH), 3,86g CaO/

= D% kiém: Dung dich hydroxit canxi 12 mdt dung dich kiém manh,
vi Ca(OH); 13 mét base manh.

3 25°C: Ung v6i néng dé véi 1,17g CaOA, d6 pH = 12.42;
Ung vdi néng d6 vdi 0,10 g CaO/l, d6 pH = 11.40,

* Kha ning dan dién ciia nudc voi phu thude vao ndng d6 cia oxyt
canxi trong dung dich:

Nong d6 CaO 1,2 gCaO/l, khi ning din dién 7,090 .cm™10°
Néng 43 Ca0 0,2 gCaOl, kha ning din dién 1,330 .cm™ 10°
» Hydroxit manhezi.

Ngudc lai v8i oxyt canxi, oxyt manhezi (MgO) nguyén chit chi phan
ing vdi nudc rit chim d€ tao thinh hydroxit manhezi. Tinh thé periklaz
(MgO nung & nhiét dd cao »1.000°C) & dang ciu triic hoan chinh, thuc 1&
hau nhu khéng phin ting v6i nudc, periklaz chi c6 thé phan {tng nhanh vdi
nudc & nhigt d6 cao, ching han & trang théi thuy nhiét trong autoclave véi
s tao thanh hydroxit manhezi;

MgO + H,0 = Mg(OH), + Q (203 Cal/g)
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* D% hod tan clia Mg(OH), trong nuc con kém hon nhidu so vdi
Ca(OH),. B9 hoa tan ciia hydroxit manhezi ciing gidm khi nhiét 46 tang. G
18°C dd hoa tan cfia hydroxit manhezi chi dat 0,01gMgO/.

* Hydroxit manhezi tuong dGi it 8n dinh, khi d81 néng né d& dang
dehydrat nhanh hon so véi hydroxit canxi. Ung véi 4p suit khi quyén,
nhiét d§ dehydrat cia hydroxit manhezi x3ay ra ¢ 190°C.

b)Hydroxit silic.

Theo thuy&t hod trj hydroxit silic dugc tao thanh, do silicium dioxyt
(810,) két hgp v6i 1 hay 2 phan t nu6c, tén tai dudi 2 dang metasilicic
H8i0; va orthosilicic H,SiO,s. Nhung ching bao liu ngudi ta tim thiy
trong mdt s6 18n cdc khodng thién rhién ¢ ciu tao phirc, nhitng khodng
nay c6 thé xem nhv chita c& 2 dang hydroxit trén. Ngudi ta giai thich hién
twgng d6 1a do khd ning tring hdp cla orthosilicic, kém theo tdch nudc
hod hoc:

2}{43104 = 1—165120? + H,0 hOaC
3H4$]O4 = HgSi301o + 2H20
Nhu chiing ta d3 bi€t cdu tao clia nhitng silicat phiic tap, xu4't phat tir
ciu triic t dién clia g6c [Si0,]", trong d6 nguyén tif silicium 12 nhin va 4

nguyén tif oxy & 4 dinh. Trong nhitng hdp chét silicat phic, nhu
4Ca0.45i0,.H;0, gdc 1 dién [SiO4]* lién k&t thanh chudi theo sd dé:

B~
[ o [oa o

4Ca™| HO- §i-O- Si~0- Si-0- Si—OH
i ) i} o
Trong truting hop khdc, nhu d&i vdi hop chdt Ca,Na(HS1;0,), tif ciu
tao chudi thay th€ mot cAu tric vong theo so dd:

- 2] o ~ 5-

2Ca®’ . o o
o'l ONY L
/\0/\01-1/

O{"I

N (-}0

» C6 thé didu ch& hydroxit silic nguyén chit bing cdch cho
tetracloritsilicium dang khi tic dung véi nudc:

17N



SiCly + 4 H,O = HySi0, + 4 HCH

* Hydroxit silic & dang gel. ¢6 cdu tric dang t8 ong, vi viy nd chita
mdt lugng nude 16n. Mdt phan tif SiO; ¢6 thé ti&€p nhin khoang 100 phan
tlf nude. Khi chiu mot lyc ép, mdt phin 18n lugng nutde trén bi tich ra va
gel din dan dong dic lai. Khi lugng nudc con chifa 20 phin tif trong gel,
gel con c6 thé bi€n dang, ma chua bi “rich”, vdi 10 phin & nudc gel bi
phd v8 va vgi 6 phin tlf nude gel di trd thinh bot. Péng thdi kém theo sy
phét tri€n cudng dé nén nhur sau:

V&i ham lugng nudc 3,3 mol (100%), R, = 85kG/ecm’
Véi ham lugng nuge 2.4 mol (73%), R, =200kG/cm?
V@i ham lugng nude 1,5 mol  (45%), R, = 565kGiem?
V61 ham lugng nuée 0,83 mol (25%), R, = 835kG/em?®
Vi ham lugng nude 0,53 mol (16%), R, = 985kGrem?

Trong mbi trutng khdng khi kho, gel hydrosilic cing tdch nudc
nhanh, ddng thdsi kém theo hién tugng bi€n dbi ciu tric, ngudi ta goi 1A
“sir 130 hod”. Nhirng gel di 130 hod khdng thé ti€p nhin nudc trong khong
khi #m trd lai, d€ urd thanh trang thai ban diu. Didu d6 rat c6 ¥ nghia ddi
v8i qud trinh déng rdn cia cdc chdt k&1 dinh thily lyc, ma ching ta sé khio
sdt & phin sau:

» Gel hydroxit silic ¢6 khd niing khuéch tdn k&m theo hién tugng
hap thu manh.

Trong k§ thudit, ngudi ta 1¢i dung khd ning hip thu ndy cda gel
hydroxit silic d& ch& tao “chdt xdc tic” hoac “chdt hip thy” khi nhy
“silicagel”. Ngoai ra ngudi ta cfing Igi dung kha ning phan d¢ng manh ciia
Si0, trong puzoland d€ ché tao cdc chit két dinh nhu : chat k&t dinh vi-
puzoland, chit k&t dinh thily lyc dglomi [43]...

= Qud trinh ldo hod cha gel hydroxit silic kém theo sy sip x&p
mang [udi phin ti vd sau d6 gel két tinh lai. PAu tién tinh thé orthosilicic
dudc tao thinh (H,SiO,). Sau d6 gel bi lio hod tiép, kém theo sy tich
nudc chuyén thanh pyrosilicic (HeSi;Oy) va cudi cling chuyén thanh
metasilicic (H,Si0;). Gel hydroxit silic téch nudc kém theo sy phét trién
cudng dd nén,
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¢) Hydroxit alumin va hydroxit sit
» Hydroxit alamin.

N&u hydroxit silic déng vai trd quan trong trong qua trinh déng rén
ciia cdc chit k€t dinh giau khodng silicat (xi ming portland,...) thi hydroxit
alumin ciling d6ng vai trd quan trong trong qud trink déng rin ca xi ming
alumin,

Trong thién nhién, ching ta ¢6 thé gip hydroxit alumin trong céc
dang khodng diaspor Al,O;. H,O va hydragillit AL,0+.3H,0; ¢6 thé xem d6
1a 2 dang metahydrat va orthohydrat ciia alumin.

Trong phong thi nghiém cé thé didu ché 2 dang khodng két tinh
trén, biing cach k&t tda mudi alumin hoa tan trong amoniac, san pham k&t
ta & dang “hoa tuyét” x5p.

ZAICH + 6NH,OH = A),0,.3 H,O + 6NH,CI

Néu két tha tr dung dich mudi alumin néng, s& nhin dudc
metahydrat, nguge lai néu k&t tha tr dung dich mudi alumin lanh,
orthohydral s& dudc tao thinh, nhing sau dé orthohydrat khéng bén lai
chuyén thinh metahydrat.

A1203.3H20 - AIQO} H;;O + 2H20

Né&u hydroxit alumin két tlia tir dung dich rit loiing, n6 sé& ton tai &
dang sol x&p nhv “hoa tuy&t” tuong ty nhu sol hydroxit silic; trong qué
trinh 130 hod cdc sol din chuy€n thinh trang thdi gel, sau d6 gel hydroxit
alumin lai tdch nudc va két tinh. Ciing nhu gel hydroxit silic, gel hydroxit
alumin ¢6 khd ning hip thy manh. Tuy nhién & diy pha khué&ch tin lai
tich dién dvong. Diéu d6 din dé&n k&t qud 14 gel hydroxit silic va gel
hydroxit alumin hip thy tuong hd 13n nhau, ma trude diy ¢ e ngudsi ta
khéng thira nhin vai trd cla alumin-oxyt.

Hydroxit alumin ¢6 tinh chat ludng tinh, né ¢6 kha ning két hgp véi
hydroxit canxi tao thinh mdt diy hgp chit hydroaluminat canxi, ma ching
ta s& khdo sdt & phdn sau.

» Hydroxit sit.

Oxyt sit (Fe,0;) déng vai trd quan trong trong qué trinh nung cilia
cdc chit k&t dinh thuy lyc, nhung c4c hydrat ciia n6 it ¢6 y nghia trong qud
trinh déng rin,
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Hydroxit st tdn tai dudi 2 dang hydroxit: Fe(OH), va Fe(OH),,
nhung d6i véi hod hoc d6ng rin ching ta chi cdn khio sit d&€n Fe(OH),.
Hydroxit sdt c6 th€ diéu ché tir dung dich mudi sit 3 (Fe*) bling cdch k&t
tia véi amoniac, va k&t tha tao thanh & dang x8p mau niu:

FeCl; + 3NH,OH = Fe(OH), + 3NH,CI

Ciing nhw hydroxit alumin, hydroxit sft két tGa tir dung dich rdt
lodng tao thinh dang sol, sol ndy bén hon sol hydroxit alumin; sau thdi
gian dai né mdi chuyén sang trang thdi gel va sau d6 két tinh.

Hydroxit sdt ciing ¢ tinh chat lu8ng tinh, tuy nhién so véi hydroxit
alumin thi y&€u hon, Dusi diéu kién ndo d6 né ciing két hdp vdi hydroxit
canxi, tao thanh hydroferitcanxi, nhirng hydroferit ndy ciing ¢6 ¥ nghia
nhét dinh trong qud trinh déng rdn cla cdc chit k&t dinh thuy lyc.

Ciing nhu gel hydroxit silic, cdc gel ctia hydroxit alumin vi hydroxit
s&t khi tdch nudc ti€p tuc ciing dat dugc cudng dd khd cao:

Hydroxit alumin Hydroxit sdt
Ham lugng nudc[%] R,[kG/cm®]  Ham lugng nude [%] R,[kG/cm?]
48 155 60 145
32 265 34 320
23 405 21 495
12 635 i4 805

6.1.1.2 - H¢ hydrat 3 cdu tr
Cic hydrat hé 3 cdu t¥ 1a cdc sin pham hydrat chit yéu cGa céc
khodng clinke xi ming portland véi nudc. N6 ciing 13 nhimg sin phim
déng rin quan trong clia cdc chit k€t dinh khic.
a) Hydrosilicatcalcl.
» Trang thii tinh th€ ciia cdc hydrosilicatcalei.

Viéc nghién cttu cdc hydrosilicatcalci gap rdt nhiéu khé khin, vi né
tao thinh rit nhi€u dang hgp chat khic nhau, ma c4c sdn phim hydrat ciia
né ¢6 xu hudng ton tai & dang gel hydrat rat khé khio sdt.

Trong qu4 trinh déng rdn cla cdc chit k&t dinh, c4¢ hydrosilicatcalci
tén tai & dang gel. V1 thé trudce tién chiing ta cin khio s4t cdc tinh thé
dang vi md, tir d6 di sdu nghién cfu cdc sin phdm hydrat dang get.

174



Trong thién nhién cdc hydrosilicatcalei ¢6 thé tdn tai dudi 14 dang
khéc nhau. Né&u chiing ta x4p x&p cdc khodng nay theo thit ty ham lugng
Ca0 chita trong cdc hdp chit ting ddn, thi khodng ddu tién 13 okenit: |
phin tif Ca0 két hgp v6i 2 phan tir SiO, -Ca0.28i0,.2H,0. Khodng cudt
cla hé thdng Ia hillebrandit: 2 phan tir CaQ k&t hdp v&i | phan ¥
Si0; - 2Ca0.5i0,.2H;0. Giifa 2 khodng nay 13 12 khodng trung gian. Tuy
nhi€n ching ta chi khdo sit 1 s§ khodng chil y&u thuding gap va 6 vai trd
trong qud trinh déng rdn clia cdc chit k€t dinh (bing 2.26).

Béng 2.26: C4c khodng hydrosilicatealci ¢d ban.

Khodng Cdng thidc Ca0:8i0; | Ty trong | Ciu tric
Okenit Ca0.28i0,.2H,0 | 0,50 2,28-2,36 | Dang sdi
Torbermorit | 4Ca0.58:0,.5H,C | 0,80 2,44 Dang tim
Xonotlit 4Ca0.48i0,.H;O | 1,00 2,70 Dang sgi
Riversideit | 2Ca0.28i0,.H,0 | 1,00 2,64 Dang sdgi
Crestmoreit | 2Ca0.2S5i0,.3H,0 | 1,00 2,2 Dang sdi
Afwinlit 3Ca0.28i0,.3H,0 | 1,50 2,63 Dang ling try
Hillebrandit } 2Ca0.5i0,.2H,0 | 2.00 2,80 Dang sgi

* Okenit: Ca0.28i0,.2H,0

Khodng okenit khéng nhitng c6 cdu tric ngh&o cao, ma cdn khé
diéu ch€ trong phong thi nghi¢m va thyc ra né khong déng vai trd quan
trong trong qud trinh déng rin clia cdc cht k&t dinh. Vi thé€ chiing ta chi
khdo s4t nhifng khodng chii y&u sau:

* Tobermorit: 4Ca0.58i0,.5H,0

Tobermorit tdn tai 3 dang gel hydrat, trong d6 tj 1& Ca0:Si0, dao
dong: 0,8-1,33. Tobermorit c6 thé diéu ché biing cich dng hdp CaO vi
Si0; & trang thdi thuy nhiét (autoclave), trong pham vi nhiét d§
125-175°C. San phim t8ng hop trung gian két tinh & dang sdi, sau chuyén
thanh dang tdm.

* Xonotlit: 4Ca0.45i0,.H,0

Thifc ra xonotlit ¢6 ham lugng nudc lién k&l dng véi mét phan
Ca0 dao dbng: 0,2- 0,33H;0. Xonotlit ciing c6 thé diéu ché bing phuong
phdp thuy nhiét tir silicat khan nudc ~ Ca0.SiO; trong pham vi nhiét d¢
180 - 300°C.
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s Riversideit: Ca0.5i0,.0.5H,0

Riversideit va Crestmoreit ~ CaQ. Si0,.1,5H;0, hai khodng nay chi
khdc véi xonothit 11 ¢6 ham lugng nude 16n hon, vi vy chiing ¢6 tinh chilt
gin gifng xonodit.

= Afwinlit: 3Ca(0.28i0,.3H;0

Afwinlit 1a khodng trung gian giifa mono- va dicalcium-hydrosilicat.
N6 14 khodng quan trong nhit ¢é thé tao thinh trong qud trinh déng rin
clia xi mang portland. Afwinlit ¢6 thé diéu ch& biing phuong phip tng
hgp thiy nhiét (autoclave) d nhiét do 120-160°C. Khi d6t néng 1dn hon
180°C afwinlit mat nude lién k&t hod hoc, tén tai 8 dang khan nudc
3Ca0.28i0,.

= Hillebrandit: 2Ca0.5i0;.2H,0

Hillebrandit 13 hgp chit cudi ciing trong ddy hydrosilicatcalci thién
nhién. Né 12 mdt trong nhitng san phim hydrat trong giai doan dau qud
trinh déng rdn cha xi ming portland. Hillebrandit c6 thé diu ch& bing
cdch hydrat hod cdc silicatcalci khan nudce, hodc t6ng hgp & trang thdi thiy
nhiét gilta hydrosilicatmonocalcit vd Ca(OH), trong khodng nhiét d6 180-
300°C. Khi d6t néng & 350°C hillebrandit bi mat mgt phin r nutée, Gép tuc
ting nhiét d6 d&€n 700°C mot phan ti nudc con lai bi phdn ly hodn toan.

» Gel hydrosilicatcalci.

Trong thién nhién hydrosilicatcalci & dang gel v6 dinh hinh hay &
dang tinh thé rit min. Gel hydrosilicatcalci cé th€ phdn 1am hai nhém
chinh:

Hydrosilicatmonocalcit:

Ca0.5i0.. 1,1 H;0 CSH,, CSH(A)
(1-1,5Ca0.510,.(1-2,5H;0  Ci.15 SHo s CSH(B)
Hydrosilicatdicalcit:

2Ca0.510,.(0,9-1,25H,0 C, SHipe-125 C,SH(A)
2Ca0.8i0,.(1,1-1,5H,0 Cy SHi1.15) C,SH(B)
2Ca0.510,.(0,3-1)H,0 C; SHo3.) C:5H(C)
2Ca0.5i10,.0,67H,0 C,; SHygr C,SH(D)
2Ca0.5i0,.(2-HH,0 C; SHpp.ay C,SH;
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Tinh chdt cia céc gel hydrosilicatcalci khéng nhifng chi dudc x4c
dinh theo thanh phdn hod hoc, mi con theo phudng thifc ché tao.

= Gel CSH(A): Xuat hién khi tdng hgp thuy nhiét trong pham vi
nhiét d6 140-190°C, n6 k&t tinh & dang tinh th€ hinh kim bé, ¢6 chi s& khiic
xa trung binh 1,603. Gel CSH(A) déng vai trd quan trong khi xi ming
porttand va cdc chit két dinh khdc déng rin & trang thdi thuy nhiét.

= Gel CSH(B): C6 thé tao thanh d nhiét 46 thudng, thainh phin ciia
né khong thSng nhdt, gin gidng nhu thanh phin cha tobermorit
(4Ca0.58i0,.5H,0). Vi th€ ngudi ta ky hiéu nhém niy 13 nhém
“tobermorit™. Ham lugng CaO dao dong: 0,8 - 1,33, c6 khi 1&n dén 1,5, phy
thudc vao ndng dd voi trong pha léng. Khi gidm 4p sudt riéng phin, ham
lugng nirée hydrat ctia CSH (B) ¢6 thé gidm tir 2,5-1.

» Gel hydrosilicatdicalcit:

Tuy thudc vao nhiét dd vA thdi gian tdc dung khi téng hop thuy
nhiét, c¢6 th€ t8n tai dudi cdc dang hydrosilicatdicalcit khéc nhau:

- 100-200°C, vdi thdi gian tdc dung ngdn, sin phfm tao thanh
C,SH(A).

- 100-200°C, v8i thdi gian tdc dung lau (7-12gi%) sin phim tao
thanh C,SH(B).

- 200-350°C, sdn phim tao thanh C;SH(C).
- 450°C, sin phim tao thinh C,SH(D).

C4c nhém hydrat mdi tao thanh ¢6 thé ¢6 ciu tric tinh th€ dang hat,
cling c6 thé ¢6 cau tric tinh thé dang sdi.
» (Gel CzSHM:
Khéc v@i hillebrandit (2Ca0.5i0,.2H,0), gel C;SH;4 ¢6 ham hugng
nudc 16n hon, hydrat cba nhém nay c6 thé dugc tao thinh trong qué trinh

hydrat héa cla 3Ca0Q.Si0,. B&i véi gel C,SH,,4, nhiét 40 déng vai trd rit
quan trong, & nhiét d6 cing cao, lugng nudc hydrat tich ra cing 16n.

= Afwinlit C3S2H3:

Pugc tao thinh trong qué trinh déng rin, véi him lugng Ca0Q nim
gilta hydrosilicatmonocalcit v3 hydrosilicatdicalcit,
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_ Afwinlit ¢6 th€ dugc tao thanh khi nghién 16t C,S vA C;S trong méy
nghién bi. N6 ciing c6 thé tao thinh & nhiét 46 20-100°C, bing c4ch tich
CaO khdi hydrosilicatdicalcit dudi tdc dung cla nudc.

Nghién cdu qui tinh hydrat clia cdc khodng silicatcalci: CsS va
C,S- Forbich[44], Flint v Wells [45], cling nhu mdt s6 tdc gid khic nhin
dudc nhifng k&t qui gin gidng nhau dugc néu trén hinh 2.69.
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Hinh 2.69: Bi€u d8 can bing thiiy phin ciia hydrosilicatcalci {46).

Tir bi€u d8 nghién cdu cho thiy: tai dudng ddc thing ding cida
dudng cong twong (ng ham lugng CaO = 0,08gCa0/1 12 cin bing thiy
phéin gilta hydrosilicatmonocalcit véi gel H,Si0, va Ca(OH),. Poan dudng
cong tudng ing vdi néng d6 CaO trong pham vi 0,08-1,16gCa0/N 12 cin
biing cia nhimg hgp chit, md diém cubi cla né tuong dng véi
hydrodisilicattricalcit thudc loai Afwinlit - 3CaQ.25i0,.3H;0. Pudng d6c
tht hai cda dudng cong c6 thé 1a ving hip phu CaO cia
hydrosilicatmonocalcit, hoic ¢6 thé 13 dung dich rin dugc tao thanh giifa
hydrosilicatmonocalcit va hydrosilicatdicalcit. '

_ Nhu vy, qua nghién cttu cin bing thiy phin cha hydrosilicatcalci

clia nhiéu tdc gid 3 rit ra k€t ludn: qui tinh hydrat clia cdc khodng
silicatcalci (C3S va C,S) 1d phidn dng thiy phin véi sy tao thianh
hydrosilicatcalci tugng tu nhu khodng afwinlit.
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Tuy nhién trong qud tinh hydrat hod cda xi mang portland, ciing
khéng nén loai trif gid thuy€&t vé sy tao thanh hydrosilicatdicalcit, tuong ty
nhu khodng hillebrandit. Vi trong quéd trinh hydrat cia xi ming portland
trong thdi gian diu dung dich c6 thé.dat ndng dé qué bio hoa Ca(OH),,
ho3c trong Xxi ming portland c6 chia kiém alkali, kiém alkali s& hoa tan
manh vio dung dich 1am ting néng d¢ anion OH™ clia pha 16ng, 1am han
ch€ phidn ng thiy phin ctia céc silicatcalci trong xi mang portland.

Khi nghién cdu qué trinh thiy phin cfa cdc khodng C3S, B-C,S va
¥-C2S trong mdi trud¥ng nube rdng, hay bio diudng trong méi rudng lubn -
ludn dude thay di lugng nuée mdi, qua xéc dinh ham lwgng Ca(OH), hoa
tan vao dung dich, cho thiy cdc kho4ng silicatcalci theo thdi gian s& bj
thiy phin hoan toan d€ tao thanh Ca(OH), va Si(OH), (hinh 2.70):

3Ca0.5i0; + 5H,0 — 3Ca(OH), + Si(OH),
2Ca0.5i0, + 4H,0 — 2Ca(OH),; + Si(OH),
C;S thiy phén rt manh, nhanh chéng dat ndng d6 qud bio hoi véi.
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Hinh 2.70: Sy thuy phan ciia céc khodng silicatclci trong méi trudng nudc
rong [47).

b) Hydroaluminatcalci

Trong thién nhién hydroaluminatcalci chi t6n tai dudi dang hop chat
nhu hydroxalumit - 4Ca0.Al,05.12H,0. Tuy nhién so vdi hydrosilicatcalci,
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hydroaluminatcalci tudng d8i d& hoa tan trong nude, diéu d6 tao khd ning
¢6 thé ché tao céc dang tinh th€ clia hydroaluminatcalci.

Hydroalurninatcalci ¢6 thé ch€ tao bing phuong phap tdng hgp gilta
alumin vi Ca(OH),:

2Al + 3Ca(OH), + nH,0 — 3Ca0.Al;03.nH;0 + 3H,'

Théng thudng nhit 1& ch€ tao biing phuong phip hydrat hod
anhydrit-aluminatcalci:

3Ca0.ALO;+ nH;O — 3Ca0.Al,0;.nHO
Cdc dang hydroaluminatcalci:
» Hydroaluminatmonocalcit: Ca0.AlL0,.10H,0

Hydroaluminatmonocalcit di€u ch€ & nhiét 46 thip, thudng ton tai &
dang v6 dinh hinh, hay & dang vay nhé. Khi diéu ch€ & trang thdi thuy
nhiét, do basic c6 thé cao hon: 4Ca0.3AL,0,.3H,0.

» Hydroaluminatdicalcit: - 2Ca0.AL,0,.8H,0

Trong pham vi nhiét dd 100-350°C, hydroaluminatdicalcit tao thanh
8 dang tim luc phudng. N&u cing ting nhiét 4§, ham lugng nudc hydrat
cang gidm. Trong dung dich bio hod Ca(OH); n6 6 th€ ti€p nhin thém 2
phin o CaO tao thanh 4Ca0.AL0:.nH,0; tuy nhién dang hdp chat nay
khong 8n dinh.

* Hydroaluminattricalcit - 3Ca0.AlL0;.nH,0

Hydroaluminattricalcit ¢6 hiam lugng nudc hydrat dao dong ¥
6-21H,0. Tuy theo ham luygng nuGe hydrat, ciu tric tinh thé cia né ¢ cic
dang khic nhau: dang hinh thoi, dang luc phudng, dang da di¢n déu.
Nhumng chi ¢6 hai dang sau 12 ¢6 ¥ nghia d8i vdi hod hoc xi ming:

- Hydroaluminattricalcit dang luc phuong 3Ca0.Al,05.8-14H,0, véi
ham lwgng nudc trong hydrat; 8-14H,0. Mot 50 tdc gid ching minh trén
bi€u dé Ronghen hop chdt 3Ca0.AL0,.12H,0, ndim trong diy hdn hgp
gifta 2Ca0.AlL0;.8H,0 va 4Ca0.A1,0,.13H,0.

- Hexahydroaluminattricalcit dang da dién déu 3Ca0.AL0;.6H;0,
loai hydrat nay phn 16n k&t tinh & dang khdi 24 mit déu, ciing 6 thé t6n
tai & dang kh&i 1ip phuong, khdi bt dién déu, khdi 12 mit hinh thoi déu.
Khi d6t néng dén 215°C s& xdy ra sy bi€n ddi ciu wric tao thanh
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4Ca0.3A1L0:.13H;0. Khi mit nuéc hoan todn né chuyén thinh
12Ca0.7AL,0;.

* Hydroaluminattetracalcit: - 4Ca0.A,0s.13H,Q

Hydroaluminattetracalcit tdn tai dudi nhiéu dang thd hinh, k&t tinh &
dang tim lyc phudng. Tinh chdt vt ¥ clia cdc dang thd hinh tdy thude vio
ham lrgng nudc hydrat. Cic dang thd hinh:f_C,AH,, vy _C,AH,, va
CsAH,o.

» Hydroaluminatpentacalcit: - 5Ca0.A1,05.34H,0
Hydroaluminatpeﬂtacalcit k&t tinh & dang ling try Iuc phuong.
* Hydroaluminathexacalcit: - 6Ca0.A1,0,.37H,0

Hgp chidt ndy c6 § nghia d6i véi hod hoc xi ming, vi n6 lién quan
d&n sy tao thanh hop chit 3Ca0.AL,05.3CaS0,.32H,0. Hdp chit nay cling
c6 thé viét dusi dang cong thifc phifc hgp: 3Ca0.Al,0;.3Ca(OH),.31H,0

Céc Hydroaluminatcalci ¢6 sy gidng nhau cd ban, 13 ching déu két
tinh & dang tinh thé luc phudng, nghia 12 chiing khéng khic nhau nhiéu vé
ciu tric. T4t ¢4 c4c hydroaluminatcalci déu ¢ cdu tric gém nhitng 18p
Ca(OH),, Al(OH)s va H,0 c6 thé bi€u dién du6i dang cong thic chung:
mCa(OH)z.nAlg(OH)ﬁ .pH;O

Trong 36 néu thay m, n p theo thi¥ 6 ¥ng véi cdc trisd: 2,1 va 312
2Ca0.Al,0;.8H,0, né€u thay m, n, p theo thi tu Gng v8icdcirisd: 4,1,61a
hgp chit 4Ca0.AL0s.13H,0.,

¢) Hydroferitcalci

Cic hydroferitcalci thudng ¢6 méi lién quan twong dng voi
hydroaluminatcalci.

= Hydroferitmonocalcit - CaQ.Fe,03.nH,0

Ca0.Fe;0,.nH;0 rdt khé diéu ch& & dang tinh khi€t, ngay ¢ & nhiét
d6 thudng ciing nhu § trang thdi thdy nhiét. N6 12 mét hydrat khéng 8n
dinh, d& dang bi thiy phin thinh Ca(OH), v Fe(OH);. Trong qué trinh
hydrat clia xi ming portland né c6 thé tao thanh do phin ¢ng thily phin
cla 4Ca0.Al,04.Fe, 0,
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= Hydroferitdicalcit - 2Ca0Q.Fe;0;.5H,0

Hydroferitdicalcit ¢6 th€ diéu ch€ bing cdch hydrat héa anhydrit
feritcalci (2Ca0.Fe,0,). G nhiét dp thudng hay 4 trang thi thiy nhiét ty
100-300°C. Hop chit nay ciing khéng 8n dinh, né d& dang chuyén thanh
hydroferitmonocalcit sau d6 phin hiy thanh Ca(OH), vd Fe(OH),. C3 hai
hydrat trén chi tac thanh & dang v6 dinh hinh. & trang thdi nguyén chét
ching 12 nhitng hydrat mau tring, nhung thudng bi nhiém bin bdi Fe(OH);
nén c6 mau d6 hoic mau da cam.

» Hydroferittricalcit - 3Ca0.Fe,0;.mH;O

Hydroferittricalcit hoan toan tudng tv nhy hydroaluminattricalcit, né
t8n tai & dang luc phwdng hay khéi da dién déu. Ciing nhir hydroaluminat
tuong ting, né 13 hgp chi't trung gian trong hén hgp cia hydroferitdicalcit
va hydroferittetracalcit.

» Hydroferittetracalcit - 4Ca0.Fe;0;.14H;0

Hydroferittetracalcit tuong d6i dé diéu ché bing cich t8ng hop tif
Ca(OH), vd Fe(OH); N6 ciing c6 thé tao thanh bing cdch hydrat hod
2Ca0.Fe,0; va 4Ca0.AlLO;.Fe,0; khi ¢6 mat Ca(OH),. Khi 48t néng né
s& tich ndc va chuyén thanh dang 3Ca0.Fe,0;.6H,0.

Sau diy 12 c4c tinh chdt quang tinh cia hydroaluminat va
hydroferitcalci quan trong.

Bang 2.27: Céc tinh chit quang tinh c¢la cdc hydroaluminat-va
hydroferitcalci quan trong,

Hgp chilt Ty rong | Cau tnic Hé tinh thé
2Ca0.Al,0,.8H,0 1,95 Dang t&m Gia lyc gidc
3Ca0.ALO;.6H,0 2,52 Khdi 24 mit déu | Khdi da dién déu
a-4Ca0.ALO5. 13H,0 | - Dang tim Luc phudng
B-4Ca0.AlL04.14H,0 | - Dang tim Gii luc phudng
2Ca0.Fe,0;.5H,0 1- ¥& dinh hinh -
3Ca0.Fe,0,.6H, 0O 2,77 V6 dinh hinh -
4Ca0Q.Fe;0,.14H,0 - Dang tAm Luc phugng
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6.1.2 - H¢ hydrat 4 cu ti va h¢ phitc hgp

Tritdc diy ngudi ta quan niém ring: qud trinh hydrat hod cha cdc
chit k&t tinh néi chung, hay cia xi ming portland néi riéng, chi c6 thé tao
thanh cdc sdn phdm hydrat cda hé 2 vi 3 cfu ti. Nghia 12 nhitng sdn phim
do cdc thanh phin chii y&€u cda cdc chit k&t dinh ti¥ cdc oxyt: CaO, SiO,,
Al,O;, Fe;0; tao thanh. Nhung mdy chuc nim gin diy, véi nhitng phuong
phip nghién citu cfu tric hién dai, ngudi ta di ti€n hanh nghién cifu cic
hé hydrat nhiéu c&u t, ciing nhy cic hé hydrat phitc hgp, do sy tham gia
ctia cdc mudi vé cd trong qud trinh d6ng r#n ciia cdc chdt k&t dinh nhu cdc
mudi : sunfat, clorit...

6.1.2.1- Céic hydrat h¢ 4 cfu tii:
» Hydroghelenit: - 2Ca0.AL0,.5i0,.8H,0

Hydroghelenit khong thé diéu ch€ bling cdch hydrat hod tryc tiép
ghelenit-2Ca0.A1,0,.5i0,. Hydroghelenit ¢6 thé tao thanh do phin dng
gifta cao lanh v@i dung dich Ca(OH),, hay giifa aluminatcalci vdi gel
hydrosilicic, hodc vdi silicattricalcit. Hay n6i mt c4ch khic, hydroghelinit
dugc tao thanh tiY hdn hgp gilta Ca(OH), vdi SiO; va ALO; & trang thii vo
dinh hinh {(puzoland).

Hydroghelenit k&t tinh & dang tinh th€ dang tfm hay viy mdng, vdi
chi s6 khic xa 1,500-1,505. Hydroghelenit bj phin hiy trong nu6c rdng,
hay nudc c6 chita CaS0,.2H,0. Ngugc lai né 8n dinh trong nudc vo6i chua
bdo hda. Gil 1au trong dung dich nudc vdi bio hda hydroghelenit chuyén
thanh hydrogranat.

» Hydrogranat:

Hydrogranat ¢6 thé tao thinh ti¥ cdc Khodng grossular-
3Ca0.Al,0,.35i0,, hoiic andradit - 3Ca0.Fe;0,.35i0;, c4c hgp chat ndy
thudc hé granat k&t tinh. Khi thay th€ céc phin tif Si0, bling c4c phin tif
H;O tuong ing, sin phim tao thianh 1d cdc 3Ca0.ALO:.6H,0, hoic
3Ca0.Fe;0;.6H,0. N&u chi thay th€ mft phin Y SiO, biing hai phén tir
H,0 tudng ting, sin phdm tao thanh I3 hydrogranat. Nhy plazolit, trong d6
m$t phin ¥ SiO, dugc thay th€ bing hai phin & HO:
3Ca0.A),05.28i0,.2H;0. Nhu vy hydrogranat ¢6 thé tao thinh ti dung
dich rin cia cédc granat khan nuéc, v6i hydroaluminattricalcit hofic
hydroferittricalcit theo mét ti 1¢ hdn hgp ndo d6. C6 thé md td m6i tuong
tdc trén theo so dd:
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3Ca0.AlL05.6H,0 3Ca0.ALO;. 35i0,
3Ca0.Fe,0,.6H,0  3Ca0.Fe,03810,

Trong sd db, 3Ca0.Fe,0:.6H,0 thudng khéng t6n tai & trang thdi
tinh khi&t, d& 8n dinh, né thudng ti&p nhin thém cic oxyt ALO; hodc SiO..
Hydrogranat khdng nhiing ¢6 thé tao thanh & trang thdi thuy nhigt, ma né
cling c6 thé tao thinh & nhiét dd thudng, do phdn ¥ng gilta hydroghelenit
v@i dung dich Ca(OH),.

2Ca0.Alz‘03.SiOz.8H20 + Ca(OH), — 3Ca0.Al;0,.510,.4H,0 + 5H,0O

Hydrogranat két tinh & dang b4t dién d€u. M6t tinh chit dic biét
cla hydrogranat 12 khd ning ch8ng dn mdn hod cao, dic biét 13 trong mdi
trudng in modn clia mudi sunfat.

6.1.2.2 -Céc hydrat hé phnic hgp:

Cic hydrat hé phitc hgp dugc tao thinh 1d do céc
hydroaluminatcalci, hoic hydroferitcalci k&t hgp véi cdc mudi vb co, dic
biét quan trong 1a hgp chdt hydrosulfoaluminatcalci, do sy tham gia phdn
ting chia thach cao trong qud trinh d6ng rédn clia cdc chit két dinh,

» Hydrosulfoaluminatcalei:

C4u tao hod hoc clla hydrosulfoaluminatcalei ¢6 hai dang cd ban:

3Ca0.Al,0;.3CaS0,.32H,0. Hydrotrisuifoaluminatcalei -trisulfat

3Ca0.Al;03.CaS0,4.12H,0. Hydromonosulfoaluminatcalci-monosulfat,
Hydrosulfoaluminatcalci ¢6 thé ch€ tao biing hai phuong thifc:

- Do phadn @ng gilta thach cao véi hydroaluminattricalcit:
3Ca0.Al,04.6H,0 + 3CaS0,.2H,0 +20H,0— 3Ca0.Al,05.3CaS04.32H,0

- Do phdn iing gitta sulfatalumin vdi dung dich nudc v6i:

AlL(SO04);+ 6Ca(OH), + 26 H,0 — 3Ca0.A1,0,.3CaS0,.32H,0

Trong thién nhién hgp chit trisulfat tdn tai § dang khodng ettringite.
Loai trisulfat ndy k€&t tinh & dang tinh thé luc phudng, ham lugng nudc
hydrat dao dong: 30-32H,0. Trisulfat nhin tao k&t tinh & dang tinh thé
hinh kim. Khi d&t n6ng, mdt lugng nudc hydrat d& dang t4ch khoi hgp chit
ndy. Diéu dé ching td hgp cht nay khong thé ch€ tao § nhigt d > 40°C.
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Hop chit monosulfat k€t tinh & dang tdm luc phudng. N6 khé diéu
ch€ & dang nguyén chit, ma thudng tac thanh hdn hgp tinh thé vdi
C4AH;3. Mic dd ham lugng nude hydrat trong monosulfat nhé, nhung né
ciing d& dang m4t di mdt phin H,O. Monosulfat bi thiy phin trong nudc
rong, trong dung-dich thach cao né d& ding ti€p nhin thém CaS0,.2H,0
chuy&n sang dang trisulffat.

C3 hai loai hydrosulfoaluminatcalci d&u khé hod tan trong nuGc va
khong hoa tan trong dung dich kiém alkali. Hydrosulfoaluminatcalci khéng
nhifng ¢é ¥ nghia vdi hod hoc xi ming, md cdn c6 ¥ nghia khoa hoc quan
trong, vi ¢ hai hgp chét trisulfat vd monosulfat déu & vi trf d8i xing:

3Ca0.Al;05.3CaS0,.(30-32)H,0
3Ca0.Al,0;.CaS04.(10-12)H,0.

Qua cdu tao trén cho ta thdy: ¢6 thé thay th€ nhém CaSOQ, trong
trisulfat vd monosulfat, bing cdc hgp chit canxi khdc & vi tri cia nhém
CaSO,. Nhu c¢6 thé thay th€ nhém CaSO, bing cic nhém Ca(OH),,
CaCQ0s, CaSi0;, CaCl, va ngay cd nhitng hgp chit hitu cd nhy formiatealci,
acetatcalci, propionatcalci... Tat cd nhitng hgp chdt dugc tao thanh sau khi
thay th€ nhém CaSO, déu cé ciu tric tinh thé dang tém luc phuong va c6
th€ tao thanh dung dich rn v8i nhau. P8i véi hod hoc xi ming sy thay thé
nhém CaSQ, biing nhém Ca(OH),¢6 ¥ nghia quan trong trong st tao thanh
céc hydroaluminatcalci:

3Ca0.AL,0;.3Ca(0OH),.31H,0 = 6Ca0.Al;03.37H,0
3Ca0.AL0;.Ca(OH),.12H,0 =4Ca0.Al;04.13H,0

Gitta cdc hgp chit phitc nghién cifu trén, déu c6 thé tao thanh dung
dich r{n v6i nhau theo so  dé:

3Ca0.Al,0;.3Ca(0OH),.31H;0O 3Ca0.Al,0:.3Ca50,4.32H,0

3Ca0.Aly0;.Ca{OH),.12H,O 3Ca0.Al;0;.CaS0,.12H,0.
» Cdc hydrat phifc hgp khdc:

P&i vdi hod hoc xi ming ngodi hydrosulfoaluminatcalci, con nhiéu
hydrat phitc hgp khdc do sy thay thé AlLOs; bing Fe;Os, hoic sy thay thé
nhém CaSO, bling nhém CaCl; vido thinh phin twong dng cda
hydrosulfoaluminatcalci.
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* Hydrocloritaluminatcalci; - 3Ca0.’A1203.CaC12. 10H,0

Hydrocloritaluminatealei dude tao thanh do phdn ting giira Ca(OH),
va AICl; & trang thdi thuy nhiét (trong autoclave: 500°C). N¢6 cing ¢6 thé
tao thanh ngay ¢ & nhiét 46 thudng:

6Ca(OH), + 2AICH + 4H,0 — 3Ca0.Al,0,.CaCl,.10H,0 + 2CaCl,

Hydrocloritaluminatcalci tén tai 8 dang monoclorit, ma chua tim
thdy ton tai & dang triclorit. Hydrocloritaluminatcalci k€t tinh 3 dang tinh

th€ lyc phuong, ciing nhu cic mudi phifc khdc né bi thily phin trong nudc
rong.

* Hydrosulfoferitcalci:
3Ca0.Fe,0;.3CaS0,.32H,0 - trisulfat
3Ca0.Fe;05.CaS0,.12H,0 - monosulfat

Ca hai mu6i phitc ndy dude tao thanh do phdn ¢ng tdc dung trong
thoi gian dai giita dung dich Ca(OH),, dung djch CaSO,.2H,0 vdi Fe(OH),
hoic 2CaQ.Fe,0;: :

3Ca(OH), + 2Fe(OH);+3CaS04.2H,0+20H,0— 3Ca0.Fe;05.3Cas0,.32H,0
2Ca0.Fe,0y+ Ca(OH), +3CaS0, 2H,0+25H,0 — 3Ca0.Fe;0,.3CaS$0,.32H,0

Ciing nhu cdc hydrat phitc kh4c, dang trisulfat k&t tinh & dang tinh
th€ hinh kim, monosulfat k&t tinh 3 dang t&m lyc phuong. Dang monosulfat
trong dung dich bio hod v8i vd dung dich thach cao né khéng ti&p nhin
thém CaS0,.2H,0 d€ chuyén sang dang trisulfat,

= Hydrocloratferitcalei; 3Ca0.Fe;0,.CaCl;.9H,0

Hydrocloratferitcalci c6 thé didu ch€ do phdn wng gitfa FeCl, hoa
tan v&i Ca(OH),:

2FeCl; + 6Ca(OH), + 3H,0 — 3Ca0.F5203.CaCIg.9H20 + 2CaCl,
Hop chdt nay khéng c6 § nghia d&i v8i héa hoc xi ming,
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Béng 2.28: Cdc tinh chi't quang tinh cda céc hydrat hé 4 ciu u¥ va

hé phiic hgp

Cic hgp chit Ty trgng | Hé kéttinh | Chu tric
Hydroghelenit _ LuBng truc Dang viy
Hydrogranat _ Khi da dién | B4t dién
3Ca0.Al,0,.3Ca80,.32H,0 1,73 Luc phuong | Hinh kim
3Ca0.A1,0,.CaS0,.12H,0 1,95 Luc phwong | Bin méng
3Ca0.Fe;04.3Ca80, 32H,0 - Luc phwong | Hinh kim
3Ca0.A1,0,.CaCl,. 10H,0 _ Lyc phudng | Bdn mdng

62 - HOA HQC QUA TRINH PONG RAN CUA XI MANG
PORTLAND

Xi ming portland 13 loai chdt két dinh b&n nude. Qud trinh déng rin
clia né chi thuc hi¢n khi tdc dyng véi nudc va sin phim déng rdn bén
trong cic mbi trudng : khdng khi, khéng khi £m va trong nudc. Nudc déng
vai trd quyét dinh trong qu4 trinh déng rfn v2 to2n b6 qu4 trinh phit trién
cudng d clia d4 xi ming.

Qué trinh déng rdn thuc (& ciia xi ming portland khang thé ndo x4c
dinh mét cdch chinh xdc va khing dinh dugc, ngay cd khi sit dyng nhiéu .
phudng phdp nghién cttu cu triic hién dai. Nhiéu gid thist da duge datra
trén cd s3 hang loat nhimg k&t qui nghién ciu cling chi cho phép giii
thich gdn ddy di qu4 trinh d6ng r4n cia cdc chat k&t dinh ndi chung vi
clia xi mdng portland néi riéng.

6.2.1 - Ly thuy&t vé déng rin

Bing cdc phuang phép phan tich ciu tric hién dai : nhy phudng
phdp héa hoc, phwidng phép kinh hién vi dién t, phuong phép nhiét vi sai,
phuong phdp ronghen, phuong phdp quang phd hdng ngoai, nhiéu nha -
khoa hoc di ti€n hanh nghién cttu qué trinh ninh k&t va déng rén clia cic
loai chit két dinh, ciing nhu cita xi mang portland va da néu lén nhidu ly
thuy&t khéc nhau v& qu4 trinh déng rén:

o Thuy&t cd hoc tinh thé -Le Chatelier (1882)

o Thuyé€t keo tu - Michaclis (1892)

o Thuyé&t ge! tinh th€ - Baicov(1923)

¢ Thuyét tao thinh ciu tric - Pokak, Rebinder (1960)
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e Thuy&t nudc rin -Keil, Power (1961)
e Thuy&t bi€n d8i cdu tric - Taylor (1966)....

< Thuy€t déng rén cd hoc tinh thé - Le Chatelier (1882)

Theo Le Chatelier: cdc khodng ciia cdc chit k€t dinh n6i chung va xi
ming portland néi riéng khi tdc dung v8i nudc, cdc khodng s& khuéch tdn
vio nudc, ti€n hanh phan @ng thiy héa va thiy phén tao thanh cic hydrar.
Theo thdfi gian cdc hydrat din din hda tan vio dung dich, cho d&n khi dat
trang thdi qud bio hoa. T dung dich qud bio hoda, cic hydrat két tinh
thanh tinh thé dang hinh kim, c6 mang ludi ciu trdc hdn don, C4c tinh thé
lién k&t lai v&i nhau tao cho sin ph&m déng rin c6 cudng dd.

% Thuy&t déng rin keo tu - Michaelis (1892)

Theo Michaelis : cdc khodng clia xi midng portland khi tdc dung véi
nuéc, s& khuéch tdn vio nudc, ti€n hanh phin dng thiy héa va thly phén,
tao thinh cdc khdi keo hydrat. Theo thdi gian cdc khéi keo hydrat ddn dan
tdch nudc, kém theo hién tigng co thé tich. Chinh sy co thé tich 1am cho
cdc kh6i keo hydrat lién k&t lai v6i nhau, tao sin phim d6ng rén c6 culing
dé.

< Thuy&t déng rin gel tinh th& - Baikov (1923)

Céc khodng clia xi ming portland khi tdc dung v8i nu6c, s& khu&ch
tdn vao nudc, ti€n hanh phin dng thiy héa va thiy phin tao thinh céc
hydrat. C4c hydrat din ddn tdch ra khoi dung dich qud bio hda § trang
thdi gel vé dinh hinh. Theo thdi gian cdc gel v6 dinh hinh ddn din k2t tink
thanh tinh thé. Cdc tinh th€ lién két lai v6i nhau, tao cho sin phim déng
rin c6 cudng 46,

Thuyét déng rin “Gel tinh thé” ciia Baikov 12 sy t3ng hop thuyét
“Cd hoc tinh th&” ciia Le Chatelier va thuy&t “Keo tu” ciia Michaelis. N6
chitng minh gin ddy dd ban chat qué trinh déng rdn ciia cdc chat k&t dinh
ndi chung va cia xi ming portland ndi riéng.

V3i céc phuong phdp phén tich cfu tric ngdy cing hién dai, cic Iy
thuy&t déng rfn ciia cdc nha khoa hoc sau ndy, di ching minh ddy di han,
hoan chinh hon qué trinh déng r{n cla cdc chit k&t dinh néi chung va clia
xi miing portland néi riéng.
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< Thuy€t bi€n ddi cau triic — Taylor (1966)

Taylor dd nghi€n cu qud trinh déng rin cha XMP va cla céc loai
chdt k&t dinh khéc, di chia qué trinh ninh k&t va d6ng rin cha cdc chit k&t
dinh gém 4 giai doan:

- Khi tdc dung v8i nudc, d4u tién cdc khodng clia xi ming portland
khué&ch tdn vio nudc. V& mit Iy hoc: vita hodn todn linh ddng.

- Sau vai phit c4c khodng ti€n hanh phdn ng thiiy héa va thiy
phin tao thinh cdc gel hydrat. C4c sin phim hydrat din din ph4t trién
trén bé mit cdc hat khodng. Vita xi miing bt ddu ninh két.

- Sau vai gid cdc gel hydrat ting ddn, déng thai bt diu ti€p xic véi
nhau, cdc gel hydrat bit ddu lién két 1ai. Vira xi maing k€&t thic ninh ké&t.

- Sau vai ngdy cdc gel hydrat cing diy dic trén bé mit cdc hat
khodng, cdc hydrat bt ddu t4i k&t tinh, cdc tinh thé lién k&t 1ai v6i nhau,
tao san phim déng rin phdt trién cudng d3. Tuy nhién, vAn cdn nhifng hat
khodng chira hydrat h6a hét, vAn ¢dn lai nhin bén trong, i€p tuc hydrat
héa va phdt trién cuding 4.

% Thuy€t phét tri€n cfu tric cia LOCHER, RICHARTZ va
SPRUNG [4§].

Theo c4c tdc gid trén, qud trinh hydrat héa clia XMP gém 3 giai
doan: '

- Giai doan diu, cfu tric chua 6n dinh: P4u tién cdc khodng xi
ming khu€ch t4n vio nudc, ti€n hanh phdn ng thiy héa thiy phén tao
thanh cdc gel hydrat, cdc gel hydrat din din tdch nude, déng tu lai (vita xi
méng k&t thiic ninh két),

- Giai doan thi¥ 2, tao thinh c§u tric cd badn: T cdc gel hydrat cic
khodng bt dau tdi k&t tinh thinh tinh thé, tac cudng d ban diu cho sin
phfm déng rin.

- Giai doan c4u tric dn dinh: Cic pha hydrat tdi k€t tinh thinh
nhitng tinh th€ hoin chinh, c&u tric d4 xi ming phdt trién cudng d6 lién
tuc theo thdi gian.

Thuyé&t phit trién ciu tric, d3 néu 1én sy hinh thinh cdc pha hydrat
16 ring; ddng thdi gidi thich sy phét trién ciu tric clia qué trinh déng rin
cia XMP c¢6 cd s& khoa hoc, hop 1y.
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Phdn khéi lugng

) Thoi gian hydrat héa
Miic d§ hydrat héa
~ CHu tric khong 8n dinh C#u triic CHu tric
Déo héa Niuh két

Hinh 2.71: Gidi thiéu sd dd sy tao thanh céc pha hydrat va sy phdt trién
c&u triic clia cdc sin phdm hydrat héa clia xi mdng.

6.2.2 - Syt hydrat héa clia cdc khodng clinke xi ming portland
6.2.2.1 - Sy hydrat héa cla céc khodng silicatcalci

C4c khodnyg silicatcalci duge tao thanh trong clinke XMP 12 alit va
belit, ma cdc khodng chi y€u tudng ing 1a 3Ca0.Si0; va 2Ca0.Si0,. Bé
don gidn nghién cifu qud trinh hydrat héa cha cdc khodng silicatcalci,
chiing ta chi xét d&n sy hydrat héa cla cdc khodng 3Ca0.Si0, va

2Ca0.SiO;,
« Sy hydrat héa ciia khodng 3Ca0.Si0; (CsS)

Khodng 3Ca0.SiO, du6i tdc dung clia nudc bj thiy phin rdt nhanh va
manh liét, nudc d& dang xim nhdp vao trong cfu triic ciia né.

- Trong nudc rdng CsS thiy phan hoan toan tao thinh hydrosilicic
va Ca(OH); (portlandit). Phin ¢ng thily phén xy ra theo s3 d6:

3Ca0.8i0;+n H,0 — SiO, (n-3)IL0 + 3Ca(OH),
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~ Trong nudc wrdng g véi nbng d6 CaO = 0,05gCa0ON phén ing
thiy phin theo so dé:

+ 3Ca0.5i0y+ nH,0 — Ca0.8i0; (n-2)H,0 + 2Ca(OH),

— Trong nudc tuong ng v6i nbng 46 Ca0 = 0,8gCa0/1 phén tng
thily phin theo sd d8:

2(3Ca0.5i0;} + nH,O 3Ca0.28i0; (n-3)H,0 + 3Ca(OH),

- Trong audc bio hda vbi twong Ung véi ndng 46 CaO ~ 1,19
gCaOA phin dng thiy phin theo so d8:

3Ca0.8i0y+ nH,0 —» 2Ca0.8i0, (n-)H,O + Ca(OH),
* 8¢ hydrat héa cia khodng 2Ca0.SiO, ( C:8)

Khoing 2CaQ.5i0; ciing thiy phan, nhung y&u vA chim hdn nhidu so
v6i khofing 3Ca0.5i0,

- Trong nudc rdng C,S ciing thiy phan hodn toan:
2Ca0.5i0; +n H0 — Si0,.(n-2)H,0 + 2Ca(OH),

~ Trong nu6c rong wing véi ndng do CaO = 0,05 gCaO/l, phan dng
thily phin x4y ra theo s d6:

2Ca0.58i0;+ nH;0 — Ca0.8i0; (n-1)H,0 + Ca(OH),

~ Trong nuSc twong dng vdi nbng 46 CaO = 0,8 gCaO/l, phin dng
thily phin x3y ra theo so dé:

2(2Ca0.8i0;) + nH,0 — 3Ca0.28i0y(n-DH,0 + Ca(OH),

= Trong nu6c bio hoda véi, CaO =1,19gCa0/, khodng C,S chi thiy
héa theo sd d8:

2Ca0.5i0; + nH,O0 > 2Ca0.8i0..nH,0

Qua khdo sét sy hydrat héa cia cdc khodng silicatcalci cho thy:
qué trinh thiy phn clia cdc khodng silicat x3y ra hoan toan, khi miu dugc
bdo dudng vdi lugng nudc 18n, hoic ludn ludn thay d8i nide méi. Ngudgc
lai, n6 s& thuy phin khong hon todn khi miu duge bio dudng véi lugng
nude nhd. Nhu viy, sin phdm thily phin cila khodng silicatcalci 1A céc gel
hydrosilicatcalci va Ca(OH),, Ty thugc vao nbng d§ véi trong nudc, céc
gel hydrosilicatcalci c6 thé duge tao thanh twong ty nhu cdc dang:
tobermorit, afwinlit hay hillebrandit trong thi€n nhién, Cic
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hydrosilicatcalci c6 th€ vi€t duSi dang cong thic chung:
mC&OHSlOQPHQO

Trong qud trinh thdy phin, Ca(OH); dvdc tao thinh hoa tan vao
dung dich. Theo thdi gian phén tng, ndng d6 Ca(OH), trong dung dich
ting didn cho d&n dat trang thdi qué bdo hda. T dung dich qud bio hoa,
Ca(OH); k€t tinh thanh tinh thé & dang tdm. Do d9 pH cilia dung dich trong
qué trinh thiy phan ctia khodng C5S 12 pH = 12, cdn d8i v6i khodng C,8
pH = 11,5. Qua d6 cho thiy sy thiy phén ciia khodng C;S xdy ra minh liét
hon khodng C,S.

6.2.2.2 - Sy hydrat héa cilia cdc khodng aluminatcalci

Trong nhiéu cdng trinh nghién cffu gdn ddy vé khi ning thiy héa
va thily phin cla khodng aluminatcalci, trong XMP t0n tai chil y€u & dang
3Ca0.ALO;. Khi tic dung v8i mot lugng nude 16n né thity phan rdt manh
Jiét va thiy phan hodn toan tao thainh AI(OH); va Ca(OH),:

3 Ca0.ALO;+ 6H,0 —» 2AI(OH); +3Ca(OH),

- V&i lugng nudc nhd, C;A chi thiy héa tao thanh
hydroaluminattricalcit: :

3C30.A]203+ l'ngO a4 3C30.A1203.DH20

— Trong dung dich nuc voi, n6 c6 thé ti€p nhin thém Ca(OH); cia
dung dich tao thanh hydroaluminattetracalcit:

3 Ca0.AL,0; nH,O + Ca(OH), = 4Ca0.Al0:.(n+1)H;0

Theo nhiu nha khoa hoc, trong sin phim déng rin clia XMP ton tai
chi y&u vA 6n dinh 12 hexahydroaluminatiricalcit - 3Ca0.ALOy6H,0- két
tinh dudi nhiu dang tinh thé khéc nhau (tinh th€ lyc phidng, da di¢n
déu v.v..).

TFrong XMP ciing c6 thé tdn tai khodng 12Ca0.7ALO; (C1Aj). Khi
phin @ng v6i nude, tudc hét tao thinh hydroaluminatdicalcit
2Ca0.A,0,.8H,0 vi AI(OH)

12CaQ.7AL,0;:+ $1H,0 &  6(2Ca0.A1,0:.8H;0) + 2AI(OH),

Sau d6, C;AH; ti€p nhin thém Ca(OH); ciia dung dich, tdi k&t tinh
thinh hecxahydroaluminattricalcit dang 14p phudng:

2Ca0.AL;0;8H,0 +Ca(OH), —» 3Ca0.A0,.6H;0 + 3H;0
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Hydroxyt alumin mdi duge tao thanh tif phdn (ng trén, c6 thé tiép
tuc phdn dng v6i Ca(OH), trong dung dich, do sy thdy phin clia cdc
khodng silicatcalci, tao thAnh C3AH, hoac C,AH,;:

2AI(OH); +3Ca(OH), — 3Ca0.AlLO;.6H,0
3Ca0.ALG: 6H0 + Ca(OH), + 6H,0 — 4Ca0.AL,0;.13H,0
6.2.2.3 - Sy hydrat héa cia khodng alumoferittetracalcit-C,AF

Cédc sin phim hydrat ciia alumoferittetracalcit phy thude vio ndng
d6 voi cia dung dich va nhiét d§ cla qud trinh hydrat héa.

% N&u C,AF hydrat héa véi luong nudc 16n.

-3 nhiégt @ 020°C, sin phim tao thank 12
hydroaluminattetracalcit dang tinh thé 13p phuong va Fe(OH); :

4C30.AIQO’3 Fe,0O5; + (I'l+3)H2 0 - 4C30.A1203.HH20 + 2FC(0H)3

- @ nhiét do 25°C hydroaluminattetracalcit din ddn chuyén thinh
hexahydroaluminatiricalcit vd Ca(OH), theo ty 1€ tudng dng:

4Ca0.Al;O; nH,O — 3C&O.A]203.6H20+ Ca(OH)z + szO
+» N&u C4AF hydrat héa trong dung dich bio hda vbi:

- J nhiet d6 0-20C sin phfm tao thanh I
hydroalumoferittetracalcit dang tdm lyc phucng:

4Ca0.AlLO:Fe,03 + 13 H, 0 —»  4CaO(Al03.Fe,04).13H,0

Trong d6 ty 1& Al,O; :Fe,O; = 1. Hop chédt ndy 12 mdt trong cdc
thanh phin cda diy dung dich rin giita C,AH,; vd C,FH,;

-3 nhiet d6 20-25°C sin  phim tao thanh
hydroalumoferittricalcit dang 13p phuong:

4C30.A1203 FCzO; +7H,0 - 3C&O(A1203F6201)6H20 + Ca(OH)z
Hdp chit ndy 12 mdt trong diy dung dich rdn giita C;AH,- C;FH,

3 nhigt d6 cao hon 20°C tinh thé€ Cy(AF)Hs dang 14p phudng bén
hon tinh thé C4(AF)H}; dang luc phudng, Chinh vi viy C4(AF)H,; din din
chuyé&n thinh Cy(AF)H,,
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6.2.2.4 - St tao thanh cdc gel hydrat 4 ciu tu.

Qué trinh déng rin cha xi ming portland c6 thé tao thanh cdc gel
hydrat 4 cdu tir: Hydrosilicataluminat( ferit)calci. Trong xi ming tdn tai 4
oxyt : CaO- SiOz- ALO;- Fey0; chil y&€u, nén c¢6 thé tdn tai dang hydrat 4
cdu tif nhu sau:

= Hydroghelenit : 2Ca0.Al;0,. SiQ; 8H,0

Hydroghelenit ¢é thé tao thanh & didu kién binh thudng v § trang
thdi thiy nhiét. Trong qui trinh hydrat héa clia XMP, khi ¢6 mat SiO,* va
ALOs* hoat tinh, dong thdi trong dung dich ¢6 chita Ca(OH),, ¢6 thé xdy
ra phdn ng:

2C3(OH)2 + Si02*+ Aleg* + 6“30 =¥ 2C30A]2015102 8H20

Hydroghelenit két tinh dang tim luc phudng. Hydroghelenit bi phin
hiy trong nide rong, hay nude ¢6 chita thach cao. Nguge lai né &n dinh
trong nudc voi chua bio hda. Giif 1du trong dung dich nudc voi bio hoa
hydrogheicnit chuyén thinh hydrogranat.

= Hydrogranat : 3Ca0.Al,0,. 2510, 2H,0

Hydrogranat ¢6 thé tao thanh tif cdc khodng granat k&t tinh nhy
grossular 3Ca0.ALL,0,.3810, hodc andradit 3Ca0.Fe;0;.3510,. N&€u thay
todn bd cdc SiO; trong granat khan nudc (1 phin tlt SiO, dude thay thé 2
phén tf nudce) ta s&€ duge 3Ca0.Al;0;.6H0 va 3Ca0.Fe,0,.6H,0.

Néu thay th&€ | phin Si0; trong granat khan nudc, ta nhin dugc cic
hydrogranat tudng ing: 3CaQ.AlL(5.2510; 2H,0 plazelit

3Ca0.Fe;0,.2810, 2H,0 andradit

Sv tao thanh hydrogranat déng vai wd rét quan trong trong viéc
chéng 4n mdn bé tong, dic bi€l trong méi trudng 4n mdn sunfat.
Hydrogranat cfing ¢6 thé dudc diéu ch€ tir hydroghelenit:

2Ca0.A;05.8i0; 8H,0 + Ca(OH), — 3Ca0. AL, 8i();, 4H,0 + 5H,0

6.2.3 - Qud trinh déng rén cla xi miing portland

Qu4 trinh déng rdn thye t& cha xi ming portland, khong hoan toin
gidng nhu qué trinh thiy héa vi thdy phin cla cdc khodng clinke xi miing
da dugc nghién citu trong diéu kién cin bing. Trong qu4 trinh déng rin k¥
thuat phai ti€n hanh dvéi nhirng didu kién thie 1€
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- XMP déng rdn vdi lugng nudc nhé.
- Phdn ng xay ra & trang thdi khong cin bling.

- C4c sén phim déng rin duge bao dudng trong cdc didu kién khic
nhau nhu : bio dudng trong khong khi, trong méi trudng 4m, trong nudc.

Bic bi€t vdi lugng nude cdn cho sy hydrat héa bj giGi han, s& din
dén su bio hdoa va qud bio hda nhanh, 1am cho qud trinh thiiy héa, thiy
phdn khong hodn toin, téc dd phin tng chim, do tao médt I6p gel hydrat
bao boc xung quanh hat xi ming chua bi hydrat héa. Qud trinh ddng rdn
ctia xi ming portland ¢6 thé don gidn héa nhu sau: -

Piu tién cde khodng silicatcalei (C,S, C:S), aluminatcalci (C;A) va
alumoferitcalci (C,AF) tdc dung vdi nudce, ti€n hinh phdn tng thiy héa va
thiy phin tao thanh cic gel hydrosilicatcalci, hydroaluminatcalei va
hydroferitcalci.

Céc gel hydrosilicatcalci dude o thinh ¢6 h€ tdn tai & dang
C3S:H; ciing ¢6 thé 13 C,SH,.

Céc gel hydroaluminartcalci tao thanh tudng dGi nhanh va tén tai &
da ng C 3 AH(,, hOE_iC C4AH]3.

Cdc gel hydroferitclei dudc tao thanh ¢ thé tdn i & dang CFH,,
hodic C3FH; Theo so dd sau:

2(3Ca0.8i0,)}+6H,0- 3Ca0.28i0,.3H,0 +3Ca(OH),
2Ca0.5i0,)+4H,0 - 3Ca0.25i0, 3H,0 + Ca(OH),
L 520205810,2H,0 (6 héxivr) > 4C20.ALO, 13H,0
3Ca0.ALO; +6H,0 ~» 3Ca0.ALO; 6H,0
4Ca0.A1,0; Fe,0; + (n+6) H:0 -» 3Ca0.ALO; 6H,0 + Ca0.Fey0; nH,0
Ca0.Fe;05 nH,0 + 2 Ca(OH), —» 3Ca0.Fe,0;6H,0 + pH,0O

Céc gel ndy din din keo w (tdch nudc) va bao boc xung quanh hat
xi mang, kim hiam (5c d6 hydrat héa ciia hat xi mang. Theo thdi gian c4c
gel din din t4i k€&t tinh thanh tinh thé tao cho sin phim déng tin c6 cudng
ds.

Mait khdc khi ¢c6 mit thach cao, thach cao sé tdc dung vdi céc
hydroaluminatealci, tao thinh ¢6 thé l1a hydromonosulfoaluminatcalci,
cling c6 thé 1a hydrotrisulfoaluminatcalci:
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3Ca0.Al,0, .6H,0+CaS0,.2H,0+4H,0—3Ca0.Al,0,CaS0, 12H,0(monosulfat)
3Ca0.A1,04.6H,0+3CaS0O, 2H,0420H,0 — 3Ca0.Al,O; 3CaS0,4.32H,0 (trisulfat)

Trong XMP con ¢6 mot lugng CaOy g0, MgOyy 4o Theo thdi gian
ciing dan dan hydrat héa:

CaOyg4o +HO — Ca(OH), (Porlandit)
MgOy 4o + HHO —  Mg(OH), (Brucit)

Phidn ¢ng déng rdn cia XMP khdng bao gid & trang thdi tinh, sau 28
ngdy déng rin vin con ham lugng 16n XMP chua bi hydrat-héa, qud trinh
déng rin vin con ti€p tuc xay ra hang thing, hang nim, hing chuc nim
sau trong cdc ciu tric ciia cdng trinh xay dung.

Ciu tric clia sin phim hydrat héa cia mdt loai xi ming portland,
sau 9 thing hydrat héa dudgc gidi thi€u trén hinh 2.72:

a) b)

Hinh 2.72: Sy hydrat héa clia xi ming portland PC40
(miu bdo dudng sau 9 thing).

Pha CSH(I1) & dang tinh thé hinh kim nho, véi portlandit tinh thé dang tim
gid luc phudng; a) 2000:1; b) 4000:1.(REM)

Sau 9 thing hydat héa, trong dd xi mang ton tai hon 70%
hydrosilicatcalci, ngoai ra con chifa hydroxyt canxi va cdc hydrat phirc
khdc [48].

6.3 - CAC YEU T ANH HUGNG PEN QUA TRINH PONG RAN

VA SU PHAT TRIEN CUONG PO CUA XI MANG PORTLAND

Qud trinh phin (ng gita nudc va cdc khodng clinke XMP xdy ra
twong dGi chim. Piu tién sy hydrat héa xdy ra trén bé mit cdc hat xi
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ming tudng ddi nhanh, nhung sau dd chdm din. Téc dd hydrat héa va su
phét trién cudng do cha xi mang phu thudc nhi¢u y&u 16

- Thiinh phan khodng va kich thudc hat xi mang.

- Nhiét dé méi trudng dong rin.

- Ty 1& N/X khi hydrat hoa,

- Loai vd ham ludng phu gia diéu chinh.

6.3.1 - Anh hudng cia thanh phin khodng va kich thudc hat
xi mang.

Thanh phin khodnrg cia xi miang anh hudng cd bin dén mitc do
hydrat héa va 1&c dd phat tri€n cudng dé cia XMP. Xi mang chifa nhiéu
khodng aluminatcalci (C; A, Cj;A7} va alumoferitcalci (C4AF) mifc dd
hydrat héa va (¢ do phdt trién cudng 46 nhanh, nhung cudng dé sin phim
déng rin khdng cao. Xi ming chita nhiéu khodng C:S mdc d6 hydrat hda
vi t8c dd phdt tri€n cudng 6 nhanh, ddng thdi sin phim déng rin cho
cudng dé khd cao. Ngudc la1 xi miing chtra nhiéu khodng belit, mdc do
hydrat héa vi 19¢ d6 phadt tri€n cudng dd chim (bdng2.29).

Bang 2.29 : Mirc dd hydrat hdéa cia cdc khoing ctha XMP theo thdi
gian (%)

Thanb phiin khodng | 3d | 7d | 28d | 90d | 180d | Hydrat hoantoan
CiS 36 |46 |69 93 94 100
B-C,S 7 1} 12 29 30 100
CA 83 (82 |84 91 93 100
C;AF 0 |71 |74 89 91 100

Mit khidc, chiéu siu hydrat héa cling thy thudc vao tifng loai
khodng clinke XMP. Ngay tir thdji gian diu, chiéu siu hydrat héa cia cdc
khodng aluminatcalci va alumoferitcalci Idn nhit. Bén canh dérchiu siu
hydrat héa ctia khodng C;S phdt trién lién tuc theo thdi gian. Con chiéu
sdu hydrat héa clia khodng 3-C,S 14 nhd nhit (xem bing 2.30)

Bang 2.30: Chiéu siu hydrat héa ca cdc khodng clinke XMP (um)

Khodng Chiéu siu hydrat-héa (um)
3d 5d 28d t 90d | 180d
CiS 3,5 4,7 7.9 145 | 15
B-C,8 6 |09 1,0 26 |27
CiA 104 10,7 ] 11,2 13,5 | 14,5
C4AF 1.7 8,0 8.4 12,2 | 13,2
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Tir cdc k&t qud trén hinh 2.73, cho thiy, khodng clinke XMP cho
cuding d¢ ban dau 16n nhat 12 C; S, cdn khodng B -C,S cho cudng d6 ban
dau thip, nhung theo thdi gian cudng dé phdt rién lign tc. Khodng
aluminatealci tuy hyrat héa nhanh, nhung cho cudng do tuong doi thap.
Cdc khodng alumoferitcalci va feritcalci khong déng vai o quan trong
trong qué trinh déng rdn, ma né chi cé y nghia quan trong d&n sy k&t khi
clta clinke XMP trong qud trinh nung. Céc hgp chdt kiém khdng tham gia
tao thanh cdc hydrat, ma n6 c6 dnh hudng lam gidm cudng d6 clia XMP.

Ngoai thach phan khodng, kich thudc hat ciing 4nh hwdng dén t6¢
dd phdt wién cila cudng do xi mang portland. N6i chung clinke XMP dudc
nghién cing min, nghia la kich thudc hat xi ming cing nhd, sin phim
déng rdn clia xi mang phd1 tri€n cudng do cang cao. Tuy nhién dd min clia
xi ming chi c6 thé ting d€n mot gidi han xdc dinh, Vi né con phu thude
tiéu tdn ning ludng trong qud trinh dip nghién. Mat khdc ting dd min qud
cao, thudng chi ¢6 tdc dung ning cao cudng dé ban diu cla sin pham
déng rin.
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Thdi gian déng rén
Hinh 2.73: Sy phdt tri€n cudng 46 cdc khodng clinke XMP theo thai gian.
Ty 1&¢ N/’X=0,5. 1CS: 28-GS; 3GA; 4 C4AF
6.3.2 - Anh hudng ciia nhiét 46 méi trudng déng rin

Nhiét 46 cla mbi trudng déng rin ¢é dnh hudng co bin d&n 8¢ do
déng rin clia xi ming portland. Trong méi trudng nhiét do thip, We do
déng rfn cha xi ming bj kKim him. Ngudc lai ndu ndng cao nhiét do cia
méi trudng, t8c dd phét trién cuding d6 ciia XMP ting 1én. Nhumg néu
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nhi¢t d6 mdi trudIng khdng khi khd > 100°C s& dnh hudng xdu dén cudng
dé sin phdm déng rin. Tuy nhién d&i véi cac chit k&1 dinh néi chung,
hodc XMP néi riéng, khi dudc bio dudng & trang thdi thiiy nhiét, lai ting
nhanh t§¢ do phdt trién cudng 46 chia sdn phim d6ng rin.

6.3.3 - Anh hudng cia Iugng nudc trong qud trinh hydrat
héa (N/X)

Lugng nude tdn vira (N/X) dnh hudng quan trong dén qud trinh
déng rin cla xi ming portland. Xi ming c6 ham lwgng Kkhodng
aluminatcalei cang cao, yéu civ lvgng mide hydrat héa cang 19n. Ngude
lai xi ming gidu khodng alumoferitcalci va feritcalci lugng nude hydrat
héa giam 1 rét. Lugng nudc hydrat yéu ciu d&i véi mdi loai khodng cia
clinke XMP khéc nhau, theo thi t ting din ¥ trdi sang phai:

CzS < C}S < C4AF << C3A

Mt khdc, clinke lam lanh nhanh, pha néng chdy sé& két tinh & dang
vi tinh hay & dang pha thiy tinh, nhu cau lugng nudc hydrat 16n. Nhu cdu
nude trfn vifa cling ting khi xi ming ¢6 dé min cao, do bé& mit phan ng
16n. Lugng nudc trdn vifa mdt mat cin thi€t d€ (€n hanh qué trinh hydrat
héa cdc khodng clinke XMP. (chi chi€m 1/3-1/4 Tugng nudc tiéu chuin).
Mat khdc vira ¢6 tdc dung bdo dim do linh ddng chia vita xi ming, dé ti€n
hanh gia cong d8 khudn xay trit... cling nhu bio dim khi ning bdm dinh
cla vita 1&n o6t liéu va cot thép... Tuy nhién néu ti 1& N/X qud 16n so v6i
yéu cdu cdn thiél, sé lam gidm rd rét cudng d6 cha sin phim déng rin.
B¢ gidm ti 18 N/X nhiim ting tinh chit cudng dd sin phim déng rin,
nguti ta nghién cu st dung mét s8 loai phu gia, c6 tdc dung 1am gidm
sifc ciing bé mat clia nudc ron vita, ma vin dam bio do linh dong cla
vita, nhu CaCly, keo CCb, hay cdc chit héa d&o khac.,

6.3.4 - Anh hung ctia phy gia diéu chinh.

Clinke XMP nghién min ¢6 t6¢c do ninh k&t rit nhanh, khéng dam
bdo thdi gian t81 thi€u d€ thi cong sdn phdm (d8 khudn, xay, trit...). Phy
gia thach cao v mdt s6 phy gia khdc c6 tic dung kim him 8¢ d6 ninh két
cha clinke XMP. Khi pha vio clinke xi ming véi him lwdng thach cao
thich hgp (< 3.5% S0,), ¢6 tic dung Kim him 8¢ dd ninh k&t cia XMP;
nhung v&1 ham lugng 18n thach cao s€ gy nén sy din nd thach cao (d3
néu trén). Nguy€n nhin Kim him t6c do ninh k&t cia XMP bing thach cao
¢6 nhiéu 1y thuy&t khic nhau.
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KUEHL va m{t s8 tdc gid cho ring cdc¢ aluminatcalci khi hydrat héa
tao thanh cdc gel hydroaluminatcalci. Mot phin gel nay hda tan vio dung
dich tao thanh c4c cation AP* ¢6 dién tich cao, Irc keo tu 1dn din dén két
tha nhanh cdc gel hydrosilicatcaici, lam cho (8¢ d6 ninh k&t clia xi ming
xdy ra rit nhanh. Khi thém thach cao véi mdt ham lugng thich hdp, thach
cao s& k&t hdp véi cdc aluminatcalci hoa tan, tao thainhC,4CSH,, khé

hda tan. Dung dich gidm lugng cation Al*, lc keo tu gidm. Do d6 t6c do
ninh két clia xi ming chim lai.

Ly thuyé&t vé bdo vé cho ring:khi pha thach cao vio XMP, thach
cao s€ phin @ng vdi cdc hydroaluminatcalci hda tan, tao thanh mdt i6p

v6 C;ACSH,,, hydromonosulfoaluminatcalci k&t tinh & dang tinh thé bin
mong, bao boc xung quanh hat xi ming, ¢é tic dung kim him phidn tng
hydrat héa clia cdc khodng clinke XMP. Tuy nhién, néu dung dich chifa
ham lugng thach cao 16n, thach cao s€ ti€p tuc phan tng v6i monosulfat,
tao thinh trisunfat k&t tinh dang tinh thé hinh kim, mang bao boc
monosulfat bi phd v3, phdn dng hydrat héa cia cdc khodng clinke XMP
ting nhanh. Biéu d6 gidi thich vi sao phdi kh&ng ché ham lugng thach cao
pha vio clinke XMP < 3,5% (tinh theo SO,). Theo so d6:

Thach cao
ca® lAoH I so? ca?
©&" £
CyACSH, , CyACSH,,
‘ CACSH;,

CHACSH,,vi CyACSHy,

Hinh 2.74: S0 43 didu chinh thi gian ninh k&t ciia vita XMP bng thach
cao. Theo thuy&t v bdo vé.

6.4 - MOT SO TINH CHAT CO LY CUA XI MANG PORTLAND
6.4.1 - Khoi lugng riéng (7)

Khéi hrgng riéng 13 khéi lugng ciia mdt don vi thé tich vit liéu &
trang thdi dic hodn toin (khong cé 15 rdng). Khéi lugng riéng duge x4c
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dinh bAng dung cu dic biét 1a binh Le Chatelier. Khéi lugng riéng ctia cdc
khodng clinke XMP niim trong khodng z, : 2,7- 3,77 glem” (Ci,A; - C,AF).

P3i v8i xi ming portland thu@ng, khdong pha phu gia thoy p;
3,05-3,2/¢/ cm’.

Xi ming portland ¢6 pha phu gia thiy y.:2,7-29 glem”,
6.4.2 - Khéi lugng thé tich (y,

Kh&i lugng thé tich 12 kh&i lugng cla mdt don vi thé tich vat ligu &
trang thdi oy nhién k€ cd 15 rdng.
Kh&i lugng thé tich clia xi mang: Dang tdi vy, =1000 - 1300g/1.
Dang chit y, =1600 - 2000g/1.
Khéi higng thé tich v, cha XMP phu thudc vdo:
» Thinh phin khodng.

e D6 nghién min, dd min cGa XMP cang cao, ¥, ¢iing nhd.
6.4.3 - Lugng nudc tidu chudn

Ludng nudc tidu chudn (N,) cda xi ming 13 lugng nide ddm bio hd
xi ming dat d6 déo tiéu chudn. Lugng nudc tiéu chuin xdc dinh bing
dung cu Vicat. P6i vdi xi ming portland N = 25 - 30%, so v6i khoi lugng
cc khodng chifa trong xi ming (% so v48i khdi lugng xi mang).

Lugng niéc dung nhio trdn mdt mit d€ cdc khodng XMP thuc hién
qud trinh hydrat h6a, mit khéc tao cho vita xi ming portland ¢ d6 hinh
dong 5t d& d8 khudn, xdy trit. Lugng nudc d€ cdc khodng thyc hién qud
trinh hydrat hod chi chi€m 1/3 - 1/4 lugng nudc nhio trdn. N€u lugng nudc
trong vita XMP nhiéu qud, XMP déng rin cham, sin phdm déng rén xop,
lam cho cudng dd gidm. Néu lugng nuwde trdn vita qud it, d§ linh dong cia
vita kém, XMP lai déng rfn nhanh, khé khin cho viéc d6 khudn, xdy trdt.
XMP chita nhiu khodng C;S vd C;A cin lugng msdce tiéu chufin cao hon
xi mang chia nhi€u khodng C,S va CAF.

6.4.4 - Th¥i gian ninh k&t

Thdi gian ninh k€t 13 th3i gian bit ddu hydrat héa nhung cdn & trang
thdi déo linh dong, c6 khi ning d8 khudn, xAy trét. Thai gian ninh két
dugc xdc dinh bing kim Vicat. P6i v8i XMP thudng, theo tiéu chuin Viét
Nam TCVN - 2682 - 1999:

- Thdi gian bit ddu ninh k&€t khdng sém hon 45 phuit.
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- Thai gian két thic ninh k&t khong cham hon 375 phit.
T8¢ dd ninh k&t va déng rdn ciia XMP phu thude vao nhidu y&u 15:
» Thanh phin khodng cta XMP.
* DY nghién mijn.
¢ Lugng nudc tiéu chuin.
* Nhiét d§ méi trudng déng rin

6.4.5 - Tinh &n djnh the tich.

Tinh Gn dinh thé tich 1a khd niing d4 xi ming hay vita xi mang trong
qud trinh d6ng rin khdng bi&n d8i th€ tich nhidu, hoic 12 bi€n d8i thé tich
déu dan. C6 nhidu dang khéng 8n dinh thé tich: sif co phéng va sif giin
nd.

XMP ¢6 ham lugng cdc khodng aluminatcalci 16n va do min cao: ¢d
dd co 16n. XMP thuding, néi chung khdng xudt hién sy giin nd. Si gidn nd
cha XMP giy nén bdi CaO tv do, MgO tf do vA qué nhidu thach cao.

Su gidn nd v6i gay ra do clinke XMP chita > 1% CaO ty do. CaO ty
do hydrat héa rdt chim, so véi cdc khodng khdc cta XMP, giy nén su
giin nd thé tich din dé&n phd hoai cAu tric. Sy gidn nd voi thuting xuit
hién sau vii ngly.

Su gidn nd manhezi gy ra do clinke XMP chita > 5% MgO. Periclaz
(MgO nung & nhiét 46 > 1000°C) hau nhv khéng hydrat héa, hoic hydrat

héa vb cling chim, sau hiing thdng, hiing nim giy nén giin nd thé tch,
phé hiy cdu tric.

Sv gidn nd thach cao xay ra, khi ham Iugng thach cao va khodng

C3A trong clinke XMP qué 16n, nén ¢6 sy tao khodng C3A.3 CS H,, sau
khi XMP di déng ridn. Su gidn nd ndy cling xdy ra rit cham.

Ngoai ra, con ¢6 hién tugng gidn nd kiém, giin nd clorit.

Tinh 8n dinh thé tich cta xi mang portland dugc xdc dinh bing dung
cu Le Chatelier. Theo TCVN 2682 - 1999, vdi xi miing portland hén hop,
dd &n dinh thé tich theo phudng phdp Le Chatelier khong 18n hon 10mm.

6.4.6 - Tinh chdt cubng do cia xi miing

Tinh chit cuting dd 1a tinh chit quan trong clia XMP, Cudng d6 cila
XMP durge dic trung bing khd niing chiu nén, chiu kéo, chiu udn cla miu
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thtr xi ming vdi cdt tiéu chudn theo quy dinh (miu 4xdx16 cm, X:C =1 : 3
N:X=1:2); d6ng rin sau 3, 7, 28 ngiy. XMP chia cang nhiéu khodng C;$
va (oS ¢6 ci¥ng d6 cang cao. D& min xi ming cAng cao, xi ming déng rin
cang nhanh va cho cuding dd cang cao.

6.4.7 - D$ min cia xi ming.

D9 min cda xi mang dnh hudng d€n t6c d6 déng rin va su phét trién
cudng do cda xi ming. P§ min cha xi ming cang cao, xi ming déng rin
cang nhanh, cudng do cang ting. P min xi miing dudge dic trung biing dic
ty dién trung binh 13 2500 - 3000cm%g, hay lugng con sét lai trén
sing N°008S5 14 5 - 10%. Tuy nhién d¢ min cla xi ming cing cao, ning
sudt mdy nghién cang gidm, sin phim thu dvdc khi déng rin téa nhidu
nhiét, dé bién dang co phdng.

Anh hudng cia do min dé€n cudng do sin pham dong rin cia XMP
dvoc néu trén bdng 2.31,

Bang 2.31: Anh hung cia d6 min d&n cudng do cia XMP

Cuding dd xi ming (Mpa)

I ngayl3 ngdy [7 ngdy 28 ngay
5,9% 6,8 274 46,5 | 57,1
2.81% 30,3 1442 | 51,2 | 68,5

Bo s6t trén sdng N°008

6.4.8 - Sur téa nhiét khi déng rén cdia XMP.

Trong qud trinh hydrat héa xi ming tda nhiét manh, n&u dé bé tong
kh&i 18n, nhiét dé ¢é thé ting Ién 30-50°C va hon niva. Do sif chénh léch
nhiét d6 gilta bén trong va bén ngoai khdi bé 1dng, s& gdy ing sudt nodi
Jam ran nit ciu tric, tao diéu kién cho méi trwdng dn mdn xam thyc.

Nhiét tda ra khi xi midng déng rin phy thudc vao thinh phin khodng
clinke XMP. N€u xi ming chifa nhiéu khodng C;A va CsS khi déng rin s&
tda nhiéu nhiét, Xi ming ¢6 dd min cAng cao, khi déng rin cang tda nhidu
nhiét. Trong sdn xudt xi ming it ta nhiét cin tinh todn vd khdng ch&
thanh phin khodng C3A vd C,S ciia clinke xi ming hdp 1y vd do nghién
min ¢la xi ming thich hgp.

6.4.9 - Tinh chi't chiu ltra ¢a xi ming

Xi mang portland 1 loai chit k&t dinh khéng chiu I, vi nhirng sin
phim déng rin cla XMP 1i nhitng hgp chit khéng bén & nhirng
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nhiét dd cao. Thong thudng & 200°C, cudng dd xi ming giam 50%. 8]
577°C san phim déng rin bi va cham manh ciing s& v3. Trong ché tao bé
tong hoic vita xi ming chiu nhiéi, thudng phai pha thém viao mdt lugng
phu gia chiu nhiét, nhu bdt sa mdt hoidc cdc loai bdt gach chju hva khic,
khi d6 san phim ¢6 thé chiu dudc nhidt 46 18t 1250°C.

6.4.10 - St co phéng ctia xi miing.

Trong qud trinh déng rdn cla xi mang ludn di kem véi su' co hodc su
trudng nd thy thudc vio mdi trudng dudng hd. Toy thude vio mide dd co
hoic truong nd c6 thé gdy ndi ¥mg luc, ddi khi ddn dén xudt hién cdc vél
nit nhd, 1am dnh hudng dén tinh bén vitng cdu tric cla cdng trinh xiy
dung.

6.5 - SU AN MON XI MANG PORTLAND VA BIEN PHAP CHONG
AN MON

6.5.1 - Nguyén nhéin giy 4n mon xi miing portland.

Trong thyc t&€ xdy dung, cdc cdu triic bé tdng hay d4 xi ming thudng
bi 4n mdn bdi cic tdc nhdn xdm thyc cia mobi trudng xung quanh. Qud
trinh An mdn xdy ra twdng d6i chdm, sau hang thing, hang nim, hay ngay
cd hing chuc niim sau, 1Am cho kha niing chiu Iyc ciia cOng trinh gidm rit
nhiéu, hodc c6 thé bj phd hoai hodn toan. D6 1a hién twgng xAm thuc hay
4n mdn xi ming.

Nguyén nhin giy nén &n mon xi ming rit da dang, ¢6 thé phin ra
ba dang cd bin sau:

Dang #n mon thid 1: xay ra do qud trinh tudng tdc clia d4 xi ming
vdi mbi trudng nue ¢6 dd citng tam thdi nhd (ham lugng HCO; bé), dan
dé&n su hoa tan céc sin phdm hydrat cha d4 xi ming, chi y&u 13 Ca(OH),,
vio mdi trudng gdy nén s An mon. Pién hinh cia sy 4n mon ndy IA 4n
mon ciia nude rong (nudc khdng chifa mudi khodng) ddi véi cdu tric dd xi
ming.

Dang #in mdn thid 2: xdy ra do qud trinh wdng tdc gifta d4 xi ming
v8i mdi trudng cé chita cdc hgp chat héa hoc, cdc hop chdt ndy tham gia
vio phén ng trao d8i vdi cdc thinh phin hydrat héa clia d4 xi miing, tao
thanh cic mudi d& hda tan, hoic sin phim tao thinh & dang vb dinh
hinh, khong cé tinh k&t dinh.

Vi du: Ca(OH); + MgCl, — CaCl; + Mg(OH);
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Dang éin mon thit 3: xdy ra do qud trinh tuong tic gitta cdc thinh
phin pha cla dd xi ming v4i cdc hop chit héa hoc cé trong méi trudng,
xim nhdp vao ciu tric dd xi ming, tao thinh nhitng hgp chit méi két tinkh,
khé hda tan, dong thdi ting thé tich phin & 16n, ¢6 thé gly Ung sudt ndi,
din d&€n phd hily cdu tric d4 xi ming.

Bic bi¢t khi nurde ¢6 dp e manh v d4 xi ming lai kém dic chic,
ba dang &n mon trén cang phdt huy tdc dung manh.

6.5.2 - Cic tic nhéin gdy dn mon xi ming portland

Trong thién nhién nhifng tic nhiin gdy nén dn modn xi ming portland
¢6 nhiéu loai:

- Tdc dung an modn cla nude ngot va nude ¢b d4p suat.

Tac dung in modn cia nude ¢co chia COs,.

Tdc dung an mdn cia nude ¢ chira axit.

Téc dung &n mdn clia nudc ¢6 chifa cdc mudi khodng,

Thuting qud trinh gy nén dn mon XMP, it khi do nhifng tdc nhin
riéng ré, ma déng thdi nhi¢u tdc nhan cling tham gia. Tuy nhién chiing ta
ciing cin khdo sdt tifg tdc nhin &n mdn cy thé.

6.5.2.1 - Sy in mdn cia nude ngot va nude ed Ap suat.

Nhy ta di bi€t, trong qud trinh déng rdn, cic khodng cia xi ming
portland bi hydrat héa tao thanh cdc hydrosilicat-, hydroaluminat-,
hydroferitcalci va Ca(OH); Hydoxit canxi tao thanh do sy thly phin ciia
cdc khodng c6 do basic cao, chuyén sang cic khodng ¢ dd basic thip va
hoa tan vao dung dich, cho d&n khi ndng 46 Ca(OH), trong dung dich dat
dé€n mo1 tri s& nhat dinh, qud trinh thdy phin ngimmg lai; déng thati Ca(OH),
khéng hda tan vio dung dich nira. Ldc dd goi 12 dung dich Ca(OH); di dat
dén trang thdi cin bdng gidi han. PG v4i hydrosilicatcalei, khodng
hillerbrandit (C;SH,) ¢6 ndng do cin bing gidi han 16n nhil, tuwong tng
1,19 g CaO/l; con khodng CSH(B) c6 ndng dd cin biing gidi han thdp nht,
tugng ng 0,05g CaO/l. Nhu vay, trong mdi rudng nude ngot, ddu tién 13
s/ thiy phin clia khodng C;SH,, Ca(OH), dudge tao thinh hda tan vio
dung dich, n€u vin chura dat dude ndng dd cin biing gidi han, cic khodng
s& tiép tuc thily phin vd Ca(OH), lai hda tan vao dung dich, n€u vin chua
dat dugc ndng dd 0,05gCa0, khodng CSH(B) s& 1i€p tuc thily phan tao
thanh:
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Ca0.5i0,; H;0 + 2H,O — Ca(OH); + Si{OH),

Nghia 12 phdn ¢ng thiy phin hodn todn tao thinh Ca(OH), va
Si(OH)4 1a nhitng hop chit v dinh hinh, khong ¢d tinh k&t dinh, ciu tric
da xi mdng s€ bi 4n mon hodn todn.

Sy hoa tan cua hydroxitcalei vio mdi trudng con phu thudc vao ham
lugng bicarbonat canxi va bicarbonat manhezi cda mdi truding ma ngudi ta
goi 12 d9 citng tam thdfi cha nudc. PO ciing tam thdi cha nude cang nhd, sy
hoa tan clia Ca(OH), vio mdi trwdng cang 1dn; ngudc lai, khi nudc c6 db
cling tam thdi I8n, 6 nghia 14 him lugng HCO4 cao, s& xdy ra phdn ng:

Ca(OH),; + Ca(HCOs): = 2CaCO0; + 2H,0.
CaCOs tao thanh ¢é db hoa tan nhd, phd 1én bé mit cdng trinh mdt

18p rdn chdc khéng cho nudc thim sdu vdo khdi dd xi ming, lam cho ciu
trii¢c khéng bi in mon.

Tuy nhién, n€u mai trudng nude c6 4p suit 18n, hodce ¢ dong chay
manh, thi sy &n mdn vin x3y ra, vi dui tdc dung clia 4p suflt 130, hoic tdc
dung ciia ddong chiy manh, nudc vin c6 thé xdm nhdp vao cdu tric,
Ca(OH); lai hda tan vdo mdi trudng, gdy nén dn mon.

6.5.2.2 - Sy #in mdn trong mbi trudng nuée cd chita CO;,:

Trong nudc thién nhién, CO, dn tai § dang H,COs. Tdc dung clia
mrde ¢ chita CO, lén cdu tric d4 xi ming ¢6 thé xdy ra trong nhifng
trudng hdp sau:

Khi ndng d6 CO, thip, CO; s& tdc dung vdi Ca(OH),, dudc tao
thainh trong quéd trinh hydrat héa cia dd xi ming, tao thanh mét 18p
CaCO; phil 1én bé mit cdu tréc, ¢6 tdc dung ngin cdn si An mon,

CQO, + Ca(OH), + H,0O = CaC0Ox + 2H,0.

Khi ndng d6 CO, ting qud 15 - 20mg/lit, CO, c6 thé tac dung tiép
vdi CaCO; mdi tao thanh theo phan dng thuin nghich:

CO; + CaCO; + H:O <=> Ca(HCOs),

Ca(HCO3), hda tan nhidu hon so vdi Ca(OH);, nén ¢du triic d4 xi
ming nhanh bj 4n mon. Phan {ng trén sé ngimg lai, khi ndng do giita CO;
vd Ca(HCOs); dat d&n mdt tri s& cin bing xdc dinh.

Trong nudc thién nhién ludn chita mdt ham lwgng Ca(HCOs),.
Bicarbonat canxi nay ¢6 thé tic dung véi Ca(OH),, sin phdm qué trinh
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hydrat h6a cla cdc khodng xi ming, tao thinh CaCO: ¢é tic dung bao vé
ciu tric:

Ca(HCOy); + Ca(OH), <=» 2CaCO; + 2H,0

Nhung n&u trong nudc chita mdt ham lugng 16n COs, né lai tic dung
vdi CaCO;tao thainh Ca(HCO;), d& hoa tan, gdy sy &n mon ciu tric:

C02 + CaCO; + Hzo <= > Cd(HCOz)Q

Kba nidng dan mon cla nudc ¢6 chita CO,, phu thudc vio nhidu yé&u
t8: trudc tién 1 ham lugng CO, va ham lugng Ca(HCOs), trong nudc. N&u
nude chita nhiéu CO,, ddng thii cé dd clng tam thdi nhd (him higng
Ca(HCOs), bé), s& din dén su 2in mdn CO, nhanh han,

6.5.2.3 - Syt &n mon etia nude c6 chita mudi khodng

Hau nhu nudc trong thién nhién, nudc bién, nudc ngam,.. . i€p xlic
v8i cde cdu triic dd xi ming déu 13 nuée ¢6 chita mudi khodng. Thuiing
nhitng mudi khodng giy dn mdn xi ming, ngoai NaCl, CaSO, con ¢6 cic
mudi khdc nhu Na,SO;, MgSO,, MgClz Cic mudi ndy trong nudc ton tai &
dang anton, chil y&u 12 anion SO, va CT. Nhitng anion ndy giy nén su an
mon da xi ming, cd bdn 13 do phin dng trao déi gilfa cdc anion véi cdc
thanh phin ciia dd xi ming, tao nén rhitng hop chdt wing th€ tich phan
rdt 16n, din dé&n pha hiiy cAu tric dd xi ming.

= An mdn ciia mudi sunfat:

Su dn mon sunfat (udn xdy ra d6i vdi nhimg cong trinh ven bién,
¢Ong trinh ti€p xic vdi nude thai cong nghi¢p va nvdc ngdm. Trong nhifng
niréc nay, mudi sunfat phin ly thinh cdc ion SO,” va ion kim loai, gip
moi trudng ¢d Ca(OH), s& tao sunfat canxi theo phdn (ng:

Na,SOs + Ca(OH), +2H;0 = CaS$0,2H,0 + 2NaCH

CaS04.2H,0 dugc tao thanh, ting thé tich phan tir 2,24 14n, 1am nit
né cOng trinh gdy nén dn modn.

Sy din nd thach cao chi ¢6 thé xﬁy ra khi néng dd anion SO,* trong
dung dich 1dn. Khi néng d6 anion SO,* trong dung dich nhé, CaS0O,2H,0
s¢ tdc dung vdi C;AH, trong di xi ming tac thinh ettringit
3Ca0.Al,05.3CaS04.32H,0, ting thé tich phan t 2,86 lin, gy Ung sudt
ndi, rit nguy hi€m cho c¢dng trinh xdy dung:

3Ca0.Al;0;.6H,0 + 3CaS0, 2H,0 + 26H,0 = 3Ca0.ALO,.3Ca50,.32H,0
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Tir k&t qud nghién cttu cho thiy: Sy &n mdn sunfat xay ra ¢6 th€ do
suf tao thanh hydrosulfoaluminatcalei, khi ndng dd anion 80,% trong dung
dich nhd, hay ciing ¢6 thé& x4y ra sy tao thanh thach cao, khi ndng dd anion
SO,* trong dung dich 16n.

* Anmdn cla mudi manhezi
N&u trong mdi trudng nude c6 chifa mudi khodng manhezi c6 thé
x4y ra nhifng phdn ng sau:
MgSO; + Ca(OH); + 2H,0 = CaS04.2H,0 + Mg(OH),
MgCl, + Ca(OH); = CaCl, + Mg(OH):.
MgSO; ciing c6 thé téc dung vdi C3AH, trong dd xi méng:
3MgSQ, + 3Ca0.Al;0,.6H0 + 6H,0 = 3CaS0,.2H,0 + 2AI(0H); + 3Mg(OH);

San phdm tao thanh déu 12 nhitng tdc nhdn giy nén in mdn: CaCl
hoa tan manh; CaS0,.2H,;0 giin nd thé tich; Al(OH);, Mg(OH), d dang v
dinh hinh, khdng c6 kha ning dinh k&L TAt ¢4 nhifng tic nhin trén déu
din dén 1am gidm cudng 4o hoic phd hiy ciu tric ctia cOng trinh xiy
dymng. '

» An mon ctia mudi clorua

N&u trong mdi trudng ¢6 chifa cdc mudi clorua cling gdy nén d4n mon
ciu tric dd xi ming. Tuy sy 4n mdn clorua ¢6 thé it nguy hai hdn An mdn
sunfat.

Khi trong mdi trudng nudc c6 chira MgCly, phdn (ng dn mdn xdy ra
theo phuong trinh sau:

MgCl; + Ca(OH), = CaCl, + Mg(OH)..
CaCl, + 3Ca0.Al,03.6H,0 + 4H,0 = 3Ca0.Al,0..CaCl; 10H0O

Hydrocloritaluminatcaci tao thanh tyong tw nhy
hydrosulfoalummatcalcn kém theo ting thé tich phin tif, c6 th€ giy nén
ling suit ndi, din d&€n phd hly ciu tric d4 xi ming.

» An mon clia nude cé chifa acid

Nudc thai cong nghiép thudng chita mot s6 acid nhu HCI, HaSO4,..
Nude c6 chiia acid pH< 7. Trong nudc chifa acid v6 cd hay acid hitu cd, sy
hoa tan ctia Ca(OH), xdy ra cing nhanh. Vi ngoai sy hoa tan ly hoc cla
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hydroxit canxi, con ¢6 phdn Wng héa hoc, tao thinh hgp chdt méi hoa tan
rit nhanh:

2HC1 + Ca(OH), = CaCl, + 2H,0.
HzSO4 + Ca(OH)z = CHSO42H20

CaCl; hda tan manh, CaSO4 ¢6 thé hit nuéc tao thinh thach cao,
hodc tdc dung v6i C3AH; tao ettringit, tic hai nhu An mén cda mudi sunfat.
Ngoai ra, acid con ¢6 th€ phd hiy ca céc khodng bén virng nhur CSH(B)
cia d4 xi ming.

Sy dn mon cla nudc ¢6 chira acid xay ra khéng nhifng dai véi ciu
tric duge ch€ tao tir xi ming portland, ma ngay ca xi ming portland-
puzoland hay ca xi mang portland —xi, Sy in mon xi ming cang manh khi
dd pH cla nudc ciang nhd,

6.5.3 - Cdc bién phap chéng &n mon

Tir nhitng nghién cttu dnh hudng ciia cic téc nhin in mon ddi vdi
cdu tric d4 xi mang, cho thdy hdu nhv trong tit c¢i cdc mai truding xam
thyc déu do cédc tdc nhin &n mdn clia moi trudng tic dung véi Ca(OH), va
cdc aluminatcalci, sdn phim déng rdn cla xi mang portland, giy nén. Tir
dé cho phép rit ra nhin xét: 13 n€u xi ming portland chita nhiéu khodng
aluminatalci va Ca(OH),, sdn phim thiy phin cia cdc khodng silicatcalci
(C5S), thi sy dn mdn cdu triic d4 xi ming cang manh.

Tir k&t ludn trén gidp ching ta tim cdc bién phdp khic phuc cdc hién
tugng An mon d&i vdi xi ming portland:

» Lya chon xi méing pertland cé thianh phfn khodng thich hgp

Thyc nghiém cho thdy khi thay d&i thinh phin khodng ciia clinke
XMP, ¢6 khi ning ting 43 bén sunfat clia xi ming. Xi miing portland cé
d6 bén sunfat t8t nhat, khi ham lugng C;A va C,S trong xi ming 12 thip
nhit. Him lugng C;A trong XMP lai phu thude vao modul alumin (p).

D6 bén sunfat cia XMP phu thudc vao modul alumin theo nhitng
mifc d6 sau:

Modul alumin p = 0-0,7 xi ming rat 8n dinh trong moi trudng sunfat
Modut alumin p = 0,7-1,4 xi ming 8n dinh trong moi trudng sunfat

Modul alumin p > 1.4 xi ming khéng &n dinh trong mdi trudng
sunfat
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Viéc gidm ham lugng C;S c6 dnh hudng dén cudng d¢ clia XMP,
nén chi thuc hién khi khéng yéu ciu dong thdi c¢é do bén sunfat cao va
cudng db cao.

» Carbonat héa cfiu tric.

Khi bdo dufng cdu tric d4 xi ming hay beton lau trong mdi tudng
khéng khi, CO, trong khong khi s& phdn tng v6i Ca(OH), tao thanh
carbonat canxi:

Ca(OH); + CO,= CaCO; + HO

Lép carbonat canxi dugc tao thinh ¢6 d¢ diy t¥ 5-10mm, phi 1én
bé mat ciu triic, ¢6 th€ ngin cdn sy hda tan cia Ca(OH); vao mdi trudng,
cling nh ngéin cdn tic dung in mdn sunfat. Tuy nhién sy carbonat héa cu
triic thudng chi ning cao d6 bén nubc clia xi mang 12 chi y&u.

» Puzoland héa xi méing portland.

D€ ting d6 bén nudc va dd bén sulfat clia XMP, phd bi&n nhit 12
puzoland héa xi mang, bing cdch pha mdt ham lugng thich hdp phy gia
thily hoat tinh vio XMP. Trong qué trinh d6ng rdn, SiO, hoat tinh cda
puzoland s& tic dung v6i Ca(OH), tao thanh hydosilicatcalci:
© xCa0.8i0,.nH;0, loai CSH(B) §n dinh hon.

xCa(OH); + 8i0; + pH;0 = xCa0.8i0;.nH,;0

CSH(B) ¢6 d6 hoa tan trong nuéc bé hon Ca(OH); va thyc t& khong
tham gia vio phdn Ung véi cdc sunfat.

Chinh vi vdy, puzoland héa c6 tic dung ting d6 bén nudc va dd bén
sunfat ca c&u triic &4 xi ming. Ngodi ra puzoland hod cdn ¢6 ¥ nghia kinh
1€ 18n.

» S& dung nhitng logi xi miing thich hgp.

— Trong mbi trudng nudc ngot nén si dung cdc loai xi ming
portland — puzoland, xi ming portland - xi.

- Trong mdi truding nuéc c6 mudi khodng, nhy nuéc bi€n, nén
diing xi ming bén sunfat (PCs30, PCys40).

- Trong mb6i trudng nudc c6 chita CO; nén ding xi ming alumin,
XMP-xi, XMP-puzoland, hodc pha thém khodng 20% d4 v6i vdo trong qud
trinh nghién xi méng portland.
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— Trong mdi tring nuc c6 chifa kiém, nén s dung loai xi ming
alumin, xi méng gidu alit... khdng nén ding XMP - xi, XMP - puzoland

— Trong méi trudng xam thuc manh, nhv nudc ¢6 chia acid, ngudi

ta c6 th€ thay thé mot phdn hay toan bd xi ming bing chit két dinh hitu
cd (polimer), hodic diing xi mang bén acid. ..

~ S{ dung xi méng it tda nhiét (PC430A, PC 30, PC, 40)... cho
cong trinh bé tdng khai 16n. ..

Ngoai nhifng bién phip chng 4n mdn néu rén, trong qué trinh thi
cdng cin thi€t phdi chi ¥ tao cho cfu triic d4 xi ming ¢6 dd dic chic cao.
Viéc tao cho ciu tric d4 xi ming cé dd sit dic (6, s& han ch&€ mot phin
cdc tdc nhan dn mon cla méi rudng xam thye vio ciu tric, ciing nhy

ngin cin phin ndo sy hda tan cla cdc sin phim déng rin cha xi ming
vao moi trudng.
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Phan 3
CAC LOAI XI MANG THONG DUNG KHAC

Chuong 1
XI MANG PORTLAND-PUZOLAND

1.1 - PHU GIA THUY HOAT TiNH (PUZOLAND)
1.1.1- Phu gia thuy hoat tinh 12 gi ?

Phu gia thdy hoat tinh 12 mot chat khi nghién min twdn véi voi, tao
thanh mot hdn hap ¢6 khi ning dong rdn trong nudc; con khi tron véi xi
ming portland (XMP) né ¢6 khd ning k&t hgp v6i CaO ty do va Ca(OH),,
sdn phdm hydrat héa clia cdc khodng XMP, l1am ting tinh bén nudc cla
XMP. Riéng ban thin phu gia thily khi nghién min tdn véi nudc khong
cho cudng 39, khéng ¢6 tinh két dinh. ‘

Thanh phin héa hoc chll y&u cla phu gia thiy 12 ALO, va SiO; &
dang v6 dinh hinh vd mdt lugng nudc lién k€t héa hoc; ngodi ra cdn chifa
mdt lugng Fe, O3 va cdc oxyt khdc. Ham lugng Si0; v dinh hinh cang cao,
d6 hoat tinh cta phu gia thily cang 18n.

P hoat tinh clia phu gia thiy dwge xdc dinh biing 56 mg CaO bj hip
thu bdi 1 gam phu gia trong thdi gian 30 ngay dém. Lugng mg CaO bi hap
thu bdi 1 gam phy gia cAng nhiéu, dd hoat tinh clta phu gia thiy cang cao.

D6 hoat tinh clia phu gia thily duge phin loai theo s6 mg CaO bi
hap phu bdi gam phy gia trong 30 ngdy dém (bing 3.1)

Bang 3.1: Phin loai dd hoat tinh cha phy gia thity

mgCaO/lgam phny gia Phan loai
30-50 Phy gia thiy yéu

50-70 Phy gia thiy trung binh y&u
70 - 100 Phy gia thily trung binh

100 - 150 Phu gia thily manh

> 150 Phu gia thiy rdt manh
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1.1.2 - Phéin loai phu.gia thiiy hoat tinh.
Bang 3.2: Phan loai phu gia thily hoat tinh theo ngudn g&c

Phu gia thiy thién nhién

Ngudn gdc phin xuit | Ngudn géc trim tich | Phy gia thiy nhin tao

( niji Hra ) { cdu tao vo trdi dat )
Tro i hta Diatomit D4t sét nung non
Puzoland Trepen Phé& thdi silic hoat tinh
Tup Opoka Xitro nhién lign
Trass Khodng sét
b4 bot

» Phuy gia thdy thién nhién.

* Phy gia thdy phiin xuft: La loai d4t d4 thién nhién do qu4 trinh
phun trdo cha ndi I¥a tao thanh. Thanh phin héa hoc chli y&u gdm SiO,,
ALOj; v6 dimh hinh va lugng nude 1ién k&t héa hoc, ngoii ra con chifa
Fe;03 va mt s6 oxyt khdc. PO hoat tinh clia loai phu gia thily phtin xust
phu thuéc chi y€u vio him lugng SiO; v6 dinh hinh, ngodi ra con phu
thube vao qud trinh ngudi lanh cta phin trio nii Hra.

= Phuy gia thdy trdm tich: L3 nhitng loai d4t d4 thién nhién, dugc
hinh thanh trong qué trinh cdu tao vé trdi d4dt. Thudng 13 nhitng loai
khodng nhe, x6p, d& hiit m, d nghién min. Thanh phin héa hoc chit y&u
12 SiO; v& dinh hinh. Khéi lugng riéng cla cdc loai phy gia thiiy nay rat
nhd.

Diatomit v, = 0.75 g/em®
Trepen vy, = 0.85 g/cm3
Opoka vy, = 1,40gfem’

Phu gia thiy trim tich c6 d6 x&p cang I6n, kh&i lugng riéng cang nhd,
do6 hoat tinh ctia phu gia cang cao.

» Phu gia thiy nhén tao.

* Ph€ li¢u silic hoat tinh: L2 ph€ ligu cila cdng nghiép sdn xut
phén nhém tir cao lanh hay ddt sét. Loai phu gia ndy thuSng cé dd hoat
tinh cao, sit dung lam phu gia thuy rit t5t.

* Xi tro nhién li¢u rén: La thdi phdm cila qué trinh d6t chdy nhién
ligu rdn. P$ hoat tinh cia né phy thudc vio nhiét dé dst chdy nhién lidu
rdn. N&éu 46t chdy & nhiét do thip dd hoat tinh cao va ngudc lai.
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= Pat sét nung non: Diing 13m phu gia thiy 12 loai d4t sét ¢6 chifa
ham ludgng khodng kaolinit 16n (A1L,05.2510,.2H,0) va gia cdng & nhiét do
thich hgp khodng 600-800°C:

ALO3.2510,.2H,0 3080 A10,28i0, + 2H0

700 - 900°C
ALOL2SIO, 2 *% ALO, + 2Si0,

12 - CONG NGHE SAN XUAT XI MANG PORTLAND -
PUZOLAND

Xi ming portland - puzoland (XMP-PUZ) 13 loai chit k&t dinh bén
nude, né duge sin xuit biing cich nghién min hén hgp gdm clinke XMP
va phu gia thiy hoat tinh trong mdy nghién bi, hoic mdy nghién ditng con
lin, ciing c6 thé nghién riéng sau d6 ron déu.

Bé& diéu chinh 8¢ d6 uninh k&t cia XMP-PUZ ngudi ta pha thém
3 — 5 % thach cao. Ti 1& thanh phin giita clinke XMP va puzoland phu
thudc vao thinh phin khodng ciia clinke XMP va do hoat tinh ciia phy gia
thiy st dung. '

Né&u d6 hoat tinh clia phu gia thiy cang cao, him lugng phu gia thiy
pha vao trong xi miing cang it v2 ngudc lai, d6 hoat tinh clia phy gia thiy
cang thip, ham lugng phu gia thiy pha vao trong Xi mang cang cao. Néu
do hoat tinh ciia phu gia thiy qud thip, ma pha vio xi miing him lugng
qué 16n, nhy viy 12 di pha vao trong xi miing mot lugng i8n phu gia ludi
s& [am anh hudng d&€n chit lugng clia sin phim, dic biét ia tinh chilt
cudng do.

Vi véy, tf 1é phu gia thiy pha vdo trong xi miing ¢in chi ¥ vira ddm
bido tinh bé&n nudc, ddng thdi ciing dim bio tinh chit cudng do cla
XMP-PUZ

Ty thudc vao loai phy gia thiy sif dung, ham lugng phu gia thiy
hoat tinh pha vao nhu sau:

Phu gia thiy ngudn g&c phin xuit, ham lugng phu gia pha vao :
25 - 40%

Phu gia thiy ngudn gdc trdm tich, him lugng phu gia pha vio :
20 - 30%

Phu gia thiy nhin tao, ham ludng phu gia pha vao: 25 - 40%.

S d8 cong nghé san xuit xi ming portland-puzoland tuong t nhif
sd d6 cdng nghé nghién clinke cling phu gia sin xuat xi ming portland hdn
hdp. Pidu khdc biét 12 loai va ham lugng phu gia thiy hoat tinh phdi bdo
d3m theo yéu cAu k¥ thuit trong sén xuit xi mang portland-puzoland.
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CLINKE XMP PHU GIA THUY THACH CAO
KHO CHUA MAY DAP HAM MAY DAP HAM
BUNKE MAY SAY KHO CHUTA
TIEP LIEU BANG KHO CHU A KET CHUA
KET CHUA TIEP LIEU BANG
TIEP LIEU BANG
MAY NGHIEN BI . CYCLON
¥ / ¥
, I hat to GAUNANG  [q LOC BUIBIEN
¥
THIET B[ PHAN y
LY KHONG KHi QUATHUT
[ v
/ BOM KHI NEN ONG KHOL
THIET 8] SILO CHUA XM
CAP KHI NEN BOT
GAU NANG
SANG RUNG
KET CHUA XM
. KHO CHUA
MAY PONG BAO >
Bo XMP-PUZ

Hinh 3.1: So dé cdng nghé sdn xudt xi mang portland-puzoland
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1.3 - QUA TRINH PONG RAN CUA XI MANG PORTLAND -
PUZOLAND

Qui4 trinh déng r{n cda xi ming portland-puzoland ¢6 thé tam chia

thanh hai giai doan. Nhung hai giai doan nay khong thé tdch biét mot cich
16 rang, ma ching xdy ra k€ ti€p va ddng thdi xen quyén 14n nhaw.

Giai doan ddu x3y ra qué trinh hydrat héa cdc khodng ciia XMP:»

Pau tién céc khodng silicatcalct, aluminatcalci, va alumofenitcalci
tdc dung vdi nude ti€n hanh phdn dng thiy héa va thiy phan tao thanh cdc
gel hydrosilicatcalci, hydroaluminatcalci, hydroferitcalci va hydroxit canxi:

2(3Ca0.510;) +6H;0 -> 3Ca0.28i0,3H,0 + 3Ca(OH),
2(2Ca0.510y) + 4H,0 - 3Ca0.28i0,3H,0 + Ca(OH),
S -2 2Ca0.Si0,2H,0
3Ca0.ALO; + 6H,O = 3Ca0.AlL0; 6H;0
4Ca0.ALO; Fey,03+ (n+6)H,0 2> 3Ca0.ALO; 6H,O + Ca0.Fe,O; nH,0

Giai doan ti€p theo xdy ra sau khi trong dung dich ¢é mat clia
Ca(OH),, (sin phdm thily phin clia c4c khodng silicatcalci); déng thdi véi
sy c6 mit clia cdc oxyt SiO; va AlO; & dang vd dinh hinh cda phu gia
thity hoat tinh (puzoland). Phdn ting hydrat h6a xay ra dudi cdc dang sau:

» XxCa(OH); + y5i0;, + (z-x)H,0 --> xCa0.ySi0,.zH,0O
mCa(OH)g +HA1203 + (p-m)Hzo - mCaO.nAbO;.pHgO

San phidm cla qud trinh hydrat héa giita Ca(OH), vdi cic oxyt Si0,
vi ALO; & dang v6 dinh hinh, tao thdnh cdc hydosilicatmonocalcit va
hydroaluminatmonocalcit. Cdc san phdm hydrat nady ¢6 dic tinh 13 bén
vitng trong mdi trwdng nudc, dic biét hydrosilicatmonocaleit bén vitng
ngay ci trong moi trudng dn mon clia mudi khodng. Diéu nay gidi thich 1o
vi sao xi ming portland- puzoland 12 loai chit két dinh b&n nude va cé thé
ngay ca bén vifng trong mdi trudng &n mdn clia mudi khodng, néu trong
thinh phdn cia phy gia thily hoat tink pha vio XMP-PUZ giau khodng
SiO; & dang vb dinh hinh (nhv diatomit, trepen, opoka...).

1.4 - CAC TINH CHAT PAC TRUNG CUA XI MANG PORTLAND-
PUZOLAND

~ Kh&ilugng riéng : v, = 2,7 -2,9 g/em’
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— Kh&i lugng thé tich: Dangtdi

900 — 1200 g/l
Dang chat vy, = 1400 - 1800 g/1

— D6 min twong ur nhy XMP thudng, nhung van ndm trong gidi han
tiéu chufn.

~ T8¢ dd ninh k&t chdm hon XMP thudng, nhing vin nim trong
gi6i han tidu chudn.

~ Tinh 8n dinh thé tich t&1, nhung bi&n dang co 16n hon XMP.

~ Cudng d§ cia XMP-PUZ phu thu$c vao chdt lugng clinke XMP,
loai va him lugng phu gia thiy sit dung. Thudng c¢é thé dat cic mdc; 200,
300, 400, 500.

- Sy tda nhiét trong qud trinh déng rdn it hdn so véi XMP thudng.
- Tinh bén nuéc vd mudi khodng 6t hdn XMP thudng.

Tinh chiu néng lanh, khé 4m dot ngdt kém hon XMP thudng. XMP-
PUZ dugc sl dung t8t d51 v8i nhitng cdng trinh ngdm duéi dat hay dudi
nug@c.
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Chuong 2
XI MANG PORTLAND - Xi

Xi ming portland xi (XMP-xi) ciing 12 loai chdt két dinh bén nudc.
XMP-xi c6 thé ché tao theo 2 phuong phép:

- X115 cao dugc sit dung nhir nguyén liéu chinh thay thé c&u ¥ d4t
sétva | phin ciu ¥ d4 voi.

- Xi 1 cao dudc si¥ dung nhv phu gia thily nghién chung véi clinke
XMP va phu gia di€u chinh thdi gian ninh két.

2.1-NGUYREN LIEU PE SAN XUAT XI MANG PORTLAND - Xi

Nguyén liéu dé€ sin xuit XMP- xi : d4 voi, ddt sét va xi 10 cao hoat
héa.

2.1.1 - P4 vdi

Thanh phdn héa hoc va yéu cdu k¥ thuit clia d4 v6i diing sdn xuat
XMP-xi tudng ty nhy dd véi ding sdn xudt XMP.

2.1.2 - D4t sét

Nguyén lidu daat sét ding d€ sdn xudt xi ming portland-xi ciing
twong tw nhy cdc loai d4't sét ding dé sin xudt XMP.

2.1.3 - Xild cao hoat héa

Xi 10 cao hoat héa 12 ph€ ligu cla ngdnh sdn xudt gang. Quing st
diing d€ luyén gang thudng c6 chifa cdc tap chit: dt sét, cat ... Vi vay khi
luyén gang ngudi ta thém vado quing 1 hdm lugng d4 vbi xdc dinh. Trong
qud trinh nung, CaO s& tdc dung v8i cdc tap chit sét va tro nhién liéu l{ao
thanh céc silicat-, aluminatcalci va manhezi. O nhiét 46 1300 — 1500°C c4c
khodng ndy s& néng chiy hoan todn goi 1 xi. Xi ¢6 trong lugng riéng nhd
hon gang nén ndi 1&n trén, thdo ra ngodi ddng thdi duge 1Am lanh nhanh,
dudi tdc dung dng suflt nhiét bj v& ra thanh nhitng hat nhd - goi 13 xI Id
cao hat héa. Dudi tic dung 1am lanh nhanh xI trd nén cé dd hoat tinh cao,
vi th& cdn goi 12 xi 1d cao hoat héa.

Trong sdn xuvit, cit | tdn gang thu duge 0,75 tdn xi.
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Ban than xi 10 cao hoat héa khi nghién min trén véi nudc 6 tinh
chat k&t dinh v c6 kha ning déng rin, nhung cho cudng do khéng cao, vi
trong xi ¢6 chifa mot ham lugng nhé cdc khodng c6 khi ning déng rin. B6
fa sy khdc nhau gita xi 10 cao hoat héa va phu gia thiy hoat tinh -
puzoland.

* Thanh phfn héa hgc ciia xi 16 cao hoat héa

Thianh phin héa hoc cla xi 16 cao hoat héa dao ddng trong pham vi
1t rdng, né phu thudc vao thanh phin héa hoc cla quiing sit vi tro nhién
lié¢n. Cdc oxyt chinh trong xi [d cao 1a: CaO, Si0;, AlLO; va MgO. Téng
him lugng ciia cdc oxyt ndy chi€m khodng 90 — 95%. Ngoai ra con chifa
mot lugng nhé cdc oxyt khdc: Mn,0s, Fe,0,, TiO, ...

Ca0 =30 - 55%; AlLO; =8 - 24%, $i0; = 28 - 38%;
MgO =1- }.8%. MI’I:O], =1-3 %; F8203 = 1-3%.
* Thanh phin khodng ciia xi 13 cao hoat héa
Thanh phan khodng cda xi 15 cao hoat héa phu thuge chi yé&u vao
qué trinh va t5c d6 1am lanh xi. Xi 1am lanh chim, thanh phin chi y&u
cla xi k&t tinh chita: C,AS, CS, C,S. Ngoai ra trong xi cdn (4n tai nhitng
thinh phin phu nhu: CMS, (Akermanil), CsMS; (Merwinit), CMS

(Monticellit), CAS, (Anorthit), MA (Spinel), M,S (dorterit), céc
aluminatcalci: CA, C»A, c¢éc sunfit: CaS, MnS, FeS ...

DGi vdi xi 1am lanh nhanh nhitng thanh phin phy ndy thudng nim
trong pha thiy tinh, Trong 1t cd cdc khodng trén chi ¢6 B-C,S, CA vi
Ci2A7 12 c6 tinh k€t dinh, nhtrng ham luwgng clia ching rdt nhd, vi vay qud
trinh déng rdn clia xi x3y ra rit chim.

* Phén logi xi 1d cao hoat héa

Tinh chilt cda xi 15 cao phy thuée vao him lugng va ty 18 clia c4c
oxyt chinh: CaO, MgO, SiO, vd AL O;. Trén co sd d6 xi 10 cao hoat héa
dugc chia thanh 2 loai : x] kiém va x1 acid. P& dic trung cho tinh chit ciia
xi ngudsi ta dua ra khdi niém:

- Modul thiy luc (M)

_ (Ca0+Mg0)
(8i0,Al,0,)

Né&u Mg > 1 goi 12 x kiém
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Néu M, < 1 goi 13 xi acid

—  Modul hoat héa (M, )
M, = Al‘203 %
Si10,

Né&u xi ¢ M, 14n, dé hoat tinh clia xI ting
N&u xi ¢c6 M, nhd, d6 hoat tinh cia xi gidm

X1 10 cao hoat hod diing san xudt XMP-x{ phai dat cdc yéu ciu k§
thuit (theo bang 3.3)

Béang 3.3 : Phén loai xI 1d cao hoat ho4

. i Xikiém Xi acid
Ciéc thong s6 k¥ thujt - -
Loail | Loai2 | Loai3 | Loail| Loai 2| Loai3
My > 1 1 1 0,9 0,7 0,6
M, > 0,25 0.2 0,2 0,4 03 0,5
Him ludng Mn,O; < 2,0 4,0 3,0 2,0 4,0 2,0

» Hoat héa xi 16 cao.

Hoat héa xi 10 cao dugc thyc hién bing phuong thifc 1Am lanh nhanh

-

X1

+ Lam lanh xi theo phudng phdp u6t: trong cdc nhd mdy luyén thép,
xI néng chidy tir 1d luyén gang dugc thdo chdy true ti€p vio bé chira nudce
lanh c6 ddng chdy lién tic. Do bj 1Am lanh d6t ngdt, duéi tic dung clia tng
suft nhiét xi bi vd vun ra thinh nhitng hat nhd, ddng thd¥i duge hoat héa.
D4&i v8i cong nghiép sin xuft xi miing, 1Am lanh xi bing phwdng phdp uét
¢6 nhugc diém 13 xi chira nhidu nudc W = 35 — 40%, khi sif dung phdi sy
khd, gid thanh xi ming s& cao.

+ Lam lanh xi theo phuong phdp bin kho: xi néng chdy i 1d Juyén
gang dudc thio sang b€ chita ¢6 vdi phun 4p suflt cao: 4 — 5 atm. Xi néng
chiy dugc phun thanh tia, ddng thdi nudc cling dugc phun thanh tia cling
vdi xi. Xi duge 1am lanh nhanh tao thianh dang hat ¢c6 him &m nhd,
W=2-10%.
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2.2 - CONG NGHE SAN XUAT XI MANG PORTLAND - Xi

Xi ming portland-xi dudc sin xuil theo phuong phdp k&t hgp, biing
cAch nghi€n min hdn hop clinke XMP v6i xi 16 cao hoat héa va phu gia
thach cao. Tuong ty nhy sg d6 cong nghé san xudt XMP-PUZ, chi khédc 12

“phu gia thily hoat tinh, dudc thay th& bing xi 10 cao hoat héa. Him lugng
xi 10 cao hoat héa pha vio clinke XMP chi€m tir 30 — 70 % theo khéi
lugng XMP-x1, tiy theo mifc d6 hoat héa cita xi 1o cao.

Quy trinh ¢ong nghé sdn xudt xi mang portland-xi, hoan toan gidng
quy trinh cong nghé sdn xui't xi ming portland-puzoland, chi khic 1a phu
gia thdy hoat tinh (puzoland) ditgc thay th& bing xI 1 cao hoat héa.

2.3 - SUDONG RAN CUA XI MANG PORTLAND - Xi

Qu4 trinh déng rin cha xi ming portiand—xi gém hai giai doan xy
ra k€ ti€p va dbng thai:

Qud trinh déng rdn clia XMP: ddu tién XMP t4c dung véi nudc, xay
ra cdc phdn ing hydrat héa 1ao thinh cdc hydrosilicatcaic,
hydroaluminatcalci v Ca(OH),, Ca(OH), hda tan vdo dung dich dén trang
thdi bio hoa voi.

Sy d6ng rdn cua xi 15 cao hoat héa, dude thure hién nhd 2 loai chat
kich thich déng rin: chalt kich thich kiém va chit kich thich sunfat.

» Ca(OH), déng vai trd 1a chdt kich thich kiém, kich thich céc
thanh phin silicat-, aluminatcalci vi manhezi c6 d6 basic thip clia xi tao
thinh cdc hydrosilicat-, hydroaluminatcalci v manhezi c6 46 basic cao
hon:

Ca0.8i0; + Ca(OH),; + H,0 2> 2Ca0.8i0,.2H,0
Ca0.MgO.Si0; + Ca(OH); + 2H,0 = 2Ca0.8i0,.2H,0 + Mg(OH),
Ca0.Al;0;5 + 2Ca(OH), + 4H,0 - 3Ca0.Al,05.6 H,0O
12Ca0.7A1L0; + 9Ca(OH),; + 33H,0 > 7(3Ca0.Al,0..6 H,0)
Ca0.A1;0,2810, + 3Ca(OH); + 4H,0 > 2(2 CaO.SiOi 2 H,0) + 2AI(OH);

» CaS0,.2H,0 déng vai trd 12 chilt kich thich sunfat. CaS0,.2H,0
s€ tdc dung v6i cdc aluminatcalei clia xi, hodc vdi AI(OH); tao thianh
hydrosulfoaluminatcalci :

Ca0.AlLO; + 2Ca(OH), + CaS0,2H;0 + 8H,0O 2 3Ca0.Al;0;CaS0, 12H,;0
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12Ca0.7AL, 05 + 9Ca(OH), + 21 CaS0,2H,0+173H,02> 7(3Ca0.Al,0;3.3Ca80,.32H,0)

Xi ming portland-xi déng rin chim hon XMP thudng, nhiét d5 cang
thip qué trinh déng rin cing chim. P& ting nhanh tdc dd déng rin,
thudng ding loai clinke XMP ¢6 ham lugng C3A va €3S cao v xi céd
modul hoat tinh (him lugng Al;O3) cao. Ngoai ra ning cao d6 min cla
XMP-xI, cling nhy nhiét dd mdi trudng, c6 tdc dung ting nhanh 8¢ do
d6ng rdn cha XMP-xi.

2.4 - CAC TINH CHAT PAC TRUNG CUA XI MANG PORTLAND -
xi

Khéi lvgng riéng: ya = 2,8-3,0g/cm’

Kh&i lugng thé tich: Dang tdi v, = 900 - 1200 g/1
Dang chit v, = 1400 - 1800 g/

Do min < 10%, tinh theo lugng con lai trén saing N°009

Thai gian bt diu ninh k&t > 45 phiit
« Thdi gian k€t thic ninh két < 10 gid
Lugng nudc tiéu chudn: 25 - 30%

e Mic XMP-xi: 200 ~ 500, phu thudc vio chdt lugng cla xi v
clinke XMP.

o XMP- xicé dic tinh :
+ Bén nu6c, it tda nhiét khi déng rin.
+ Chiu tdc dung &n mdn 18t hon XMP thudng.

+ Chju dudc néng lanh, kh6é &m 46t ngdt t6t hon XMP.
+ Bi&n dang co phbng it hon XMP
Xi ming portland-xi v6i nhitng wu di€m trén, 16t hon XMP thuding,

ddng thdi gi4 thanh ha, Vi viy, XMP-xi duge si dung phd bién rong rai,
ndi s&n ¢6 ngudn xi 10 cao hoat héa phong ph,

2.5 - CAC DANG KHAC CUA XIMANG XI
2.5.1 - Xi miing véi - xi.
Xi ming v6i-xi 1a loai chidt k&t dinh bén nude, né duge sdn xuit
bling céch nghién min hdn hgp xi 1d cao hoat héa va véi. D& kich thich
qué trinh déng rdn clia xi cdn pha thém vao xi ming vbi- xi 5% thach cao.
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Trong quy trinh c6ng nghé sdn xuit xi ming vbi-xi, c6 thé diing v6i
cuc chifa t6i hodc véi toi thanh bdt, ciing ¢6 thé dang xi kiém hay xi acid.
Vi viy ham lugng CaO trong xi miing v6i xi phu thudc vao chit lugng cia
vdi va loai xi si¥ dung,

ThuGng xi ming vo6i x ¢6 (i 1& thanh phin:
CaO : 10 -30%
Xi 15 cao hoat héa : 65 -85%
Thach cao : 5%

Xi ming voi-xI 1a cht két dinh déng rdn cham, m4c ciia xi ming
dat khéng cao: 50— 200.

Diy chuyén cdng nghé sin xuit xi ming véi-xi, twong ty nhy diy
chuyén cdng nghé sin xuft XMP-xi theo phuong phap k&t hap.

2.5.2 - Xi ming sunfat - xj

Xi ming sunfat-xi Ia cht k&t dinh bén nudc, né dugc sin xudt bing
cdch nghién min hdn hop gdm xi 15 cao hoat héa, thach cao va clinke
XMP. Ham Iwgng 1 1& clia cdc cu tlf thanh phin trong sin xuit xi ming
sunfat-xi ¢6 th& nim trong gidi han sau:

Xildcaohoath6a :75-85%
Thach cao 1 15-25%
Clinke XMP : 5%

X1 1d cao hoat héa yéu ciu ¢6 ham lugng ALO; twong d5i cao
(15 - 20%). Xi ming sunfat xi 13 chit k&t dink déng rin chim. V& cudng
d6 c6 thé dat mdc 150 - 300.
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Chuong 3
XI MANG ALUMIN

3.1 - KHAI NIEM CHUNG

Xi ming alumin 13 chdt k&t dinh bén nudc. Xi ming alumin dugc
sdn xuit bing cich nung dén k&t khdi, hodc nung chdy hoin todn tao
thanh clinke, tit hdn hgp phdi liéu nghién min gdm d4 v6i va bdxit, sau d6
clinke dudc nghién min thinh xi ming alumin.

3.1.1 - Thanh phén héa hoc
Xi ming alumin dugc san xui't bing nhiéu phuang phdp khdc nhau,
tif nhi€u loai nguyén lidu khdc nhau. Vi viy thinh phin hod hoc clia xi

mang alumin dao dong trong pham vi rat rdng. Ham lugng cdc oxyt chinh
trong xi ming alumin ndm trong gidi han sau:

Ca0 = 35:45% TiO, = 1,5+2,5%

ALO; = 30 + 50% MgO = 0,5:1,5%

Si0, = 5+15% Na,O = 0+ 0,4% ; R,0 = 0:0,6%
Fe,03= 5+15% SO; = 0+12%

D€ don gian héa c¢6 thé xem thanh phdn héa hoc cla xi ming
alumin la:

CaQ = 40%
AlLO; = 40%
Si0; = 10%
Fe,0;= 10%

3.1.2 - Thanh phéin khoéng ciia xi méng alumin

Thanh phin khodng clia xi ming alumin ¢6 thé phin loai theo
nhifng nhém sau:

1.C; A;-CA - CS  Ximing alumin loai |
2.CA -CA,-C;AS  Ximiing alumin loai 2
3.CA -G8 - C, AS Khdngtdntaivi lugng SiO; 1dn.
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Xi ming alumin loai 1 va loai 2 ¢6 thanh phin khodng dat ¥ nghia
k¥ thudt t5t.

32 - NGUYEN LIEU SAN XUAT XI MANG ALUMIN

Trong céng nghé sdn xuat xi ming alumin thudng s dung hai loai
nguy€n li€u chinh: dd voi va boxit, ngoai ra con mdt vai loai nguyén lidu
khdc. Viéc lua chon nguyén liéu phdi di dbi v8i viéc Iya chon phuong
phdp s&n xuit.

3.2.1 - Pa vdi.

Thanh phin hod hoc cda dd v6i 1a CaCOs, ngedi ra con chia moe
lugng cdc oxyt khic. B4 voi diing san xudt xi ming alumin yéu ciu:
Si0; <1,5%, Mg0 <2%.

3.2.2 - Boxit.

Boxit 14 loai khodng thién nhién, trong d6 chli y&u chifa hydroxyt
alumin - AlLO;.H,O va mit s8 tap chidt khdc nhu : hydroxyt sit, dit sét,
thach anh. Trong thién nhién bdxit ¢c6 mau sic khidc nhau, wy thude vio
ham Iufgng tap chit chita tong né. Khdi lugng riéng clia boxit;
2,2+2,3g/em’, &6 rdn 2-6 (thang Mohr). Nhiét d6 néng chay cda bdxit phuy
thudc vio thanh phin hod hoc va tap chat chifa trong né.

Boxit gidu ALO; nhiét d6 néng chiy khi cao 1850-1900°C, néu
boxit chifa nhi€u tap chdt: Fe,0s, SiO;... nhiét dd néng chiy gidm xudng
1650-1750°C

Thanh phén hod hoc ctia boxit dao dng trong pham vi réng:
Al Oy Si0, Fe,0,4 TiO; MKN
30-73% 2-20% 2-40% 0-5% 10-12%

Tap chat 14n (rong boxit khéng cé 1di cho tinh két dinh ctia xi ming
alumin, nhing né ¢é tic dung 1Am chit trg dung, gidm thi'p nhiét d6 néng
chdy khi nung luyén.

Viéc Ita chon boxit d€ sdn xudt xi ming alumin, thudng duva vdo
modul alumin.

Boxit st dung dé sin xuit xi ming alumin cin c¢6 modul alumin
AlLO,%

= 213252
$i0,%
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3.3- CAC PHUONG PHAP SAN XUAT X1 MANG ALUMIN

Clinke xi ming alumin dudc sdn xuit theo 2 phuong phdp:
+ Phuong nung chiy hon hgp phdi liéu.
+ Phudng phap nung d&€n k&t khéi hdn hgp phdi lidu,

Viéc Iira chon phuong phap thich hgp cin diya vao:
- Thanh phin hod hoc clia nguyén liéu.
- Thanh phin clia san phim nung.
- Kha ning cung cAp nhiét ning, dién nang.

— N&u sif dung nguyén lidu 12 boxit c¢6 chita nhidu sit, khong thé
s&n xuat theo phudng phdp nung d€n k€t khdi hon hgp phot liéu, vi khodng
nhiét d6 két khdi rat hep (rdt gin nhiét 44 néng chiy), hdn hgp phéi lidu
d& néng chdy, 1am dinh 19, 4nh hudng dé€n ning suit v gach 16t 1.

~ Né&u slr dung nguyén liéu chira it sit, sin xuit theo phucng phip
nung d&n k&t khai 12 161 nhat, vi s& dat hiéu qua kinh t&, k¥ thufit t8t han.

3.3.1 - San xuft xi miing alumin theo phudng phdp nung chiy

Phuong phép nay 4p dung d8i v8i nguyén liéu chita nhidu st va cdc
tap ¢hdt d& chdy khdc, ddng thdi c6 khodng nhiét dd k&t khdi hep.

San xuit xi ming theo phucng phip néng chay hoan todn, khéng
cin nghién min hdn hop phdi liéu, ma vin c6 thé tach sdt va silic, dudi
dang tao thinh Ferosilic, ra khéi clinke xi miing alumin.

Quy trinh céng nghé sdn xudt xi ming alumin theo phudng phép
nung chdy hodn toan, thudng dugc k&t hgp trong 10 luyén gang. Vi
phudng phdp niy nguyén lidu nap vdo 10 gdm: dd voi, boxit, mdnh kim
loai vun va than ¢8c. Cdc loai nguyén lidu va than c8c nap vao 10 tiing
18p, theo chu ky. Khi nung chdy hoan toan, gang c6 khé&i lugng riéng 16n
1{ng xubng ddy 10, cdn xi ¢6 khdi Iugng rigng nhd néi 1&n trén.

Nhiét dé ndng chay cia xi tir: 1600-1700°C. X1 chinh 13 clinke xi
mang alumin, dugc thio ra khéi 10 qua thi€t bi 1am lanh; cdn gang dugc
thdo vao khudn. Sdn xudt clinke xi miing alumin theo phudng phip nung
chiy, nguyén lidu (bdxit va d4 voi) khong cdn phdi khdng ch€ him lugng
s4t, vi Fe;O; s& bi cacbon khir, chuyén vio thanh phin cba gang. SiO,
duge khir it, do d6 nguyén liéu can Khdng ché 1am ham lugng SiO; nhd
(< 1,5%).
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San xuit clinke xi ming alumin theo phudng phdp nung chay rdt ¢6
[gi, vi c sdn xudt 1 1dn gang, lai thu dudc 0.8+1.4 tin clinke xi ming
alumin. Dat hi¢u qud kinh & cao, gid thanh ha, mi chit ludng san phim
vin ddm bdo. Nhiét ning tiéu tdn khodng: 2800+2900 kcal/kgcl.
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Hinh 3.2: Sg dé cong nghé sdn xuit xi ming alumin theo phudng phip
nung chdy. k&1 hgp sin xuit gang
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3.3.2 - Sdan xuit clinke xi ming alumin theo phwdng phéap
k&'t khoi.
Sdn xudt clinke xi mang alumin theo phuong phip k&t khdi, thich

hop nhit khi st dung nguyén liéu c6 ham lugng sit va tap chit d& chdy
thap.

Boxit va dd voi dugc dap nho, siy d&€n ham 4m yéu ciu. Hn hop
phdi liéu duge nghién min trong midy nghién bi. D6 min yéu ciu 4-8%,
tinh theo lugng con lai trén sang N°008. Hn hop phdi ligu ¢6 thé nung

trong 10 quay, theo phudng phdp udt hay phuong phdap khd hodc ciling cé
th€ nung trong 10 ditng. N€u nung trong 16 ding cin tao vién phdi liéu.
Nhiét dd nung tudng dudng 1200-1280°C.

Nhiét tiéu tdn riéng d&€ nung va sy biing 1000-1300 keal/kgel.

Nhigt do khi chdy trong 16 nung 1300-1400°C. N&u nhiét 46 quai cao
dé tao ano hodc dinh 1o,

San xudt clinke xi ming alumin theo phudng phip két khdi, ¢é khé
khin 12 khodng nhiét do k&€t khdi va nhiét 40 néng chdy cla hdn hgp phéi
lidu rat gin nhau, vi viy viéc kh@ng ch& nhiét d6 nung chinh xdc rit khé
s0 vdi nung clinke xi ming portland.

Clinke xi mang alumin ¢é: “yems = 1250-1350°C
tF sy = 1400°C
At = 50-150°C
Clinke xi mang porttand thudng: 1™« e = 1400 -1450°C
“enay = 1700 - 1800°C
At = 250-350°C

Sdn xuit clinke xi ming alumin theo phuong phip k&t khéi, sin
phdm the dude c6 chit lugng thip hon, so v&i phuong phdp nung chiy
hoan toan. Mit khdc yéu ciu lya chon nguyén liéu khit khe hon.

Boxit va dd voi phai yéu cdu ¢é haim lugng Fe Oy, Si0O, nhé

AL O8I0, > 5
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3.3.3 - Qu4d trinh nung luyén clinke xi miang alumin theo phudng
phip két khoi.

Trong qué trinh nung hdn hop phdi ligu : & nhiét 46 wr 50-1000°C,
baxit tdch nudc 1y hoc va hod hoc., dd vdi phan huy 1ao thinh Ca0. Bong
thdi phén Gng giita Ca0 va ALO, tao khodng CaO.ALOs ciing bit dau xay
ra & nhiét do nay. O nhict d6 1000-1100°C tao khodng Ca0.2A1,0; G
phiét 46 > 1200°C tao cdc khoing 12Ca0.7A1,0; vd 3Ca0.ALO,. Cic
khodng chda sdt (CaO.Fe,0;, 2Ca0.Fe;0;) dude o thainh ¢ nhiét dé
1000-1200"C. Phin 1én cdc Khodng trong clinke xi mang alumin sdn xuit
theo phudug phap k&t khdi, cdc phin dng xdy ra § trang thdi pha rdn, cli &
nhiét do >1200°C mdi xay ra phin ¢ng & trang thdi k&t khoi. Trong dé 6
mot s& thanh phan khoidng tao thinh pha 16ng cda clinke xi ming alwmnin.
Trong giai doan ndy. khi ¢6 mit pha 1dng, tdc d6 phdn dng xdy ra nhanh
hon. Qud tinh tao khodng CaQ.ALO; cing duge nhanh hon khi diung phu
gia khodng hod Cak;, CaCls. .

3.4 -SUPONG RAN CUA XI MANG ALUMIN

Xi ming alumin ¢o thanh phin khodng chd yéu 1a CaO.AlLOs. Qud
trinh hydrat hod cla Ca0Q.ALO; xdy ra rit nhanh:

Ca0.ALO: + 10H:0 2 Cab.ALOLT0H0

Hydroaluminatmonocalcit hod tan vio dung dich, 100 tai & dang gel
hydrat. Gel hydroaluminatmenocaleit khong &n dinh, d& dang chuyén
thanh hydroaluminatdicaleit.

2(Ca0.ALO: 10H0) =2 2Ca0.ALOLEH,O + 2ZAKOH): + HLO

Trong xi miang alumin con c¢6 thé chita khodng Ca0.2AL,0; va
12Ca0.7A1,0; 12Ca0.7ALO; phan Ung véi nude rdt manh va ninh k&t ral
nhanh chi sau vai phit. Sin phim phin {ng cling tao thinh
hydroaluminatdicaleit vi hydroxit alumin.

12Ca0.7AL,0; + 51 H,0 = 6(2Ca0.ALO;.8H,0) + 2ZAKOHD;

Trong qud trinh bydrat hod, nhitng hydroaluminatcalei ddu tién t6n
tai & dang gel, cdc gel hydrat ndy din din keo ty va tdi k€ tinh, kem theo
sut phdt wién cudng 46 clda sdn phim déng rin, nhu d&i véi xi ming
portland. Nhung khdc vdi xi ming portland, t6¢ do déng ran cla xi ming
alumin xdy ra nhanh hon nhiéu:

— Sau 1 ngay déng rin, chiéu sdu hydrat dat d€n 4um
- Sau 3 ngay déng rin, chidu sdu hydrat dat dén 6.2um



biéu do giai thich cudng dd ban diu cia xi ming alumin cao hdn
nhi€u so v8i xi ming portland.

Ngoai ra, trong xi ming alumin ciing ¢6 thé con chita cdc khodng
phu Khac nhu: C;AS, C,8, CiA, C4AF. Ghelenit hydrat hod rit cham, phdn
(rng khdng r& rang sau hing thang mdi tao thinh hydroghelenit.

2Ca0.AL0O,.810; + 8H,0 2 2Ca0.AL04.5i0,.8H,0

Vi th€ so véi sy d6éng rdn nhanh ciia cac khodng aluminatcalci. no
khong ¢6 y nghia trong qud trinh déng rin cda xi ming alumin. Cic
khoding C,S, C3A, C,AF ciing ti€n hinh hydrat hod tao thanh cdc
hydrosilicatcalci, hydroaluminatcalei, hydroferitcalei, nhu déi véi xi miing
portland, nhung gua trinh hydrat ho4 ciing xdy ra rit cham v him lugng
rit nhd.

Xi ming alumin déng rin trong mdi truting khdng khi khong (8t
bing déng rin trong modi trudng nudc. Nhung 15t nhit 1A trong thdi gian
dau déng rdn trong moi trudng khong khi, sau d6 déng rin trong nudc.

Dva vao thinh phan khodng cta xi ming alumin, ¢6 thé thily kha
ning chong in mon cha xi ming alumin t8t hon xi mang portland, trong
cdc mdi trudng nudc ngot, nude bién va nudc ¢6 chita CO». Vi him lugng
Ca(OH); vid C;A, 11 nhimg thanh phin d& bj 4n mon, ¢é khong ddng ké
trong xi miing alumin,

3.5. CAC TINH CHAT PAC TRUNG CUA XI MANG ALUMIN

Khé&ilugng riéng : v, =3 - 3,2g/em’
Kh&i lugng thé tich : -Dang tdi y, = 1000 - 1300/
-Dang chat y, = 1600 - 1800g/1
Ludng nudc tiéu chuin N/X = 0,23 -0,28
Téc dd ninh két: - Bdtdau = 30 phut.
- K&t thic < 10 gid.

Xi ming alumin déng rin nhanh hon xi ming portland nhiéu. Sau
10 -15 gidy déng rin c6 thé dat cudng do 150-200kG/cm’, sau 3 ngdy dém
déng rin, véi vira ty 1& 1/3 (xi mang alumin/ cdt) c6 thé dat cudng dd
300 - S00kG/om?. Xi ming alumin co thé dat cic mde 500, 60O, 700.

Xi ming alumin ¢é gid thanh cao gdp 3 - 4 1dn so vdi xi ming
portland. V1 viy, chi nén sit dung trong nhitng cdng trinh dic biét nhur
nhitng cong trinh yéu cdu c6 db bén héa hoc cao, hodc sin xuit bé 16ng
chiu nhiét.

2
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HOA HOC
VA CONG NGHE

SAN KUAT XI MANG

e Xi mang la loai vat li¢u xdy dung
quan trong nhdt, vat liéu co ban
trong xay dung cac cong trinh dan
dung va cong nghiép, cing nhu xay
dung co s& ha ting cia nén cong
nghiép hién dai.

e Hoéa hoc va cong nghé san xudt céc
chat két dinh va xi mang la mot linh
vuce phire tap va sau rong. Cudn siach
nay dugc dung lam sich giang day
chuyén nganh dai hoc va sau dai
hoc, sau khi cic ban doc da nim
vitng cdc mon hoc ky thuét co sé nhw héa ly silicat, tinh thé khoang
vathoc, thi€tbinhiétv.v...

* Cudn sich gitip cho céc ky su, can bo ky thuat, cdc nha quan 1y c6 tai
ligu chuyén mon cao, cting nhu kha ning quén ly t6t vé kinh t& ky
thuat va cic cong tac dieu hanh san xudt dat hiéu qua cao.
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