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Bai bdo ndy trinh biy tom tit vé qué trinh thiy hda xi miag alumin, 1y d6 nghign cdu phy gia nhim difu
chinh thdi gian déng k&t cda xi méng alumin. Phy gia st dung ding trong nghién cdu nhém didu chink thyi
gian dong k&t cia xi ming atumin AC50 fa axit citric, axit boric va thach cao. Nghign cdu chi ra rdng axit citric,
axit boric ¢d khd ndng didu chinh thdi gian déng k8t cda xi mdng alumin, déng thoi lm ting cudng d§ nén

cila dé xi mang.

T khba: xi mdng alumin, thi gian dng kel, axit citric, axit borie, thach cao

ABSTRACT

This paper summarizes the hydration of calcium aluminat cement, from that to research relarding admixtures
of calcium aluminat cement setting time. Citric acid, boric acid and gypsum are used to retard the setting time
of calcium aluminat cement ACS0. The result shows that citric acid, boric acid can retard the sething of calcium

alumninat cement and increase compressive strength.

Keywords: calcium aluminat cement, setting time, citric acid, boric acid, gypsum.

1. Mér dau

Vao nam 1908, Bled clia cong ty Pavin Lafarge de tai
Phap da dwec cap bing séng ché loai xi mang dugc ché
tao bing cach nung chay hdn hop cla d& voi va baux-
ite. Loai xi méng nay duge goi la xi mang Fondu, ¢ kha
néng bén héa hoc, bén sun phat [1,3).

Xi méng alumin dugc sir dung chi yéu cho bé tong
chiu Iba va mét s loar vira, bé tong dic chung trong
xay dyng. Thanh phin chi yéu clia xi ming alumin 12
céc khoang aluminat canxi c6 cwdng dd cao, tbe do
phat trién curéng do nhanh. Tiy theo ngudn nguyeén ligu
ma xi mang alumin duoc san xudt bang cach nung két
luy&n (vé&i nguyén ligu gbm d4 voi va hydroxit nhém hoge
nguyén ligu c¢ chira ham lwgng oxit nhém cao) hosic
nung ndng chay hén hep nguyén ligu (véi nguyén ligu
14 @4 vdi va boxit). San phim xi méng alumin dugc g
dung trong nhigu nganh cdng nghigp nhu: Ché tao bé
tong bén xam thie sunphat, bé tong déng rén nhanh, bé
tong di (rng hye, bé tong chiu Ira..

Qué trinh thiy héa ciia xi mang alumin phy thugc vao
sy ¢6 mat clia céc thanh phin khoang va nhigt 66 trong
qua trinh thiy héa. O nhigt & phéng, qué trinh thiiy hoa
clia xi mang alumin dugc danh gia thong qua ndng do
Ca0 va Al,0;, dwge md ta trén hinh 1.[1]
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Thoi gian
Hinh 1. Sw phat trién ndng @5 canxi oxit va nhdm oxit
trong dung dich thay hda CA
A B: giai doan hoa tan, B — B'; giai doan tao mim
B’ — C: giai dogn két tlia s& lwgng lon
C —: giai doan két tdahda tan déng thoi.

Theo [6), & nhiét 46 thép (dwi 5°C) thi san phém
thily héa 1 CAHg o6 thé quan sat thay trén bé mat mdu
(hinh 2). CAHq ©5 dang lang tru dai séu canh.

& khodng nhiét 46 15-27°C, tn tai ddng thdri CAHyg,
C3AHg va AH3. CoAHg 6 dang tAm xen k&, CAH, dang
lang try luc giac.

Khi nhiét 3¢ tang lén trén 27°C thi san phém thiy héa
chinh [a C,AHg v& AH3, nhng néu dat ngudng 13 40°C
thi AH va CyAH; I3 san pham chi yéu.

T

26 »» NGHIEN COU VA PHAT TRIER VAT LIEU XAY DUNG

—




oy

Hinh 2. Vi cdu tric ciia mau @4 xi mang alumin sau 3 ngay thiy héa & 5°C (a), 20°C (b), 40°C (c)

Bang 1. Thanh phén héa ciia xi mang AC50 va thach cao Lao

Miu SiO, | Al,O; | Fe,0; | CaO | MgO | SO; | TiO, | KO | Na,0 | MKN
Thachcao| 525 | 094 | 029 | 3066 | 04 | 400 | 008 | 023 | 024 | 2088
AC50 613 | 5165 | 099 | 3845 | 122 | 036 | 005 | 006 | 031 | 005

Trén thé gi6i, xi mang alumin da dwoc nghién ciru
san xudt tir [3u. San phdm xi mang alumin da dang, tuy
nhién tai lidu viét v& cong nghé san xuét ciing nhw phy
gia nham diéu chinh thoi gian dong két xi mang alumin
khéng nhigu, O Vigt Nam, cac d& tai nghién ctru va sach
viét v& xi mang alumin con rat it. Tai lidu cdng nghé san
xut xi mang alumin khéng cé. Tuy nhién Viét Nam c6
nhu cau xi mang alumin rat Ion. Vi vay, cn c6 thém cac
nghién ctru vé qua trinh thily héa, déng ran ciing nhi phy
gia diéu chinh thai gian dong két cia xi mang alumin dé
chii ddng trong viéc san xuét xi mang alumin trong nuée.

Trong xi mang alumin AC50, monocanxi aiummat
(CA) la thanh phan chinh, ngoai ra con cé decacanxi
heptaaluminate (C1,A7), tricanxi aluminat (C3A), dicanxi
silicat (C»S) va cac pha gehlenit. Trong do, C,S phan
tng cham, CA phan (rng nhanh vé&i nuéc, tuy nhién
cling mét ti 18h dé phan (ng hét. Xi mang alumin
ACS50 ddng két nhanh 1a do anh huéng clia mét fuong
nhd pha gidu voi C3A va dic biét 1a Cy,A;, sy thay ddi
di chi mét Irgng nhé ciia né ciing lam thoi gian dong
két thay ddi rét nhiéu tham chi bi dong két tirc thi (flash
set) [13]. Do vay, cin sir dyng phy gia d& diéu chinh
thoi gian ddng két cho AC50, dam bado théi gian thi
cbng ciing nhwr dac tinh ky thuat cta loai xi mang nay.

RAt nhidu hgp chét hitu co va vé co throng dugc siz
dung lam chét lam cham thai gian dong két cla xi méng
alumln Céc hop chét hiu co thirng chira cac mudi clia
cac axit hydroxy lic (cac mudi cia
adipic, gluconic, citric va axit heptonic) va cacbohydrates.
Cac hop chét vo co thueng dugc sir dung @& lam cham
thai gian dong két clia xi mang nhw oxit Pb, Zn, photphat,
mudi Mg, axit boric... [2]. Trong nghién ctru nay st dung
axit citric, axit boric va thach cao lam phu gia diéu chinh
thori gian dong két ciia AC50

Hinh 3. Biéu do phan tich XRD
ctia mau xi mang alumin AC50

2. Vat liéu sir dung

Nguyén liéu st dung cho cho nghién ctru: xi mang
alumin AC50 do Vién VAt lidu nghién ciru ché tao, axit
citric (ham lwrgng CgHgO7 2 98%) va axit boric (ham lrong
H3BO; > 898%) (loai diing trong héa phén tich), thach cao
Lao. Thanh phén héa ciia AC50 duwgrc thé hién trong bang
1, gian dd phan tich Ronghen diroc trinh bay trong hinh 3.

Theo két qua phan tich XRD, xi mang AC50 ¢é chira
cac khoang: CA (chii yéu), C2A7, gehlenit (C,AS) va pha
vo dinh hinh.

Clanhke xi méng alumin AC50 dugc nghién téi do
min 5,6% sot sang 0,08mm; bé mat riéng (theo phrong
phap Blaine) = 3540 cm?/g va thach cao duwoc nghién tdi
d6 min 6% sot sang 0,08mm. Axit citric va axit boric drac
mua trén thj treong, loai diing trong héa phan tich. Ty 1&
phéi tron va ky higu méu nghién ciru dwoc thé hién trong
béng 2.
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Bang 2. Ty 1§ cdp ph6i va ki higu mau

Tenmiu | ool g | mo [ Mz | me | ms | me | M7 | me | me | m1o | mn
vatligu .

CLKACSO | 100 | 99.8 | 996 | 995 | 99.4 | 993 | 999 | 908 | 997 | 995 | 90 | e
Axit citric 02 | 04 | 05 | 06| 07

Axit boric 0,1 0,2 03

Thach cao 0,5 1 2

3. Két qua nghién ciru va thao luan:
3.1 Nghién ciru dnh hwrdmg cia cdc phy gia to1 06
déo tiéu chudn va théi gian déng két ciia AC50,

Céc thir nghiém xac dinh d6 déo tiéu chudn va thoi
gian ddng két clia céc mAu nghién ciru duge thi hign
theo TCVN 6017:1995. K& qua nghién ciru duere trinh
bay trong bang 3

Nhén xét 1: Khi khdng str dung phu gia, thovi gian bat
d4u dong két ca m&u xi mang khang xac dinh dirge, bit
dAu dong két (BEDK) ngay sau qud trinh tron méu,

Nhan xét 2: MAu MO va M1 khdng xéc dinh dugc
Irgng nuGe tigy chudn va thei gian bat dAu dong két
vi mlu mét tinh déo ngay trong qua trinh tron. Véi ham
Igng axit citric tir 0,4 - 0,7% nuéc tidu chudn khong thay
ddi, thévi gian déng két kéo dai. Khi ding axit boric tir 0,1 -
0,3%, thovi gian dbng két tang Ién. Khi sir dung thach cao
tl 0,5 - 2% thi nure tidu chun khéng thay ddi, thi gian
dong két thay ddi theo ty 1& st dung.

- Khi sir dung axit citric v&i ham lieong 12 0,2% so vii
xi mang thi ven chira didu chinh duoe thei gian BBDK,
khi siz dung 10> 0,4 - 0,6% thi thi gian ddng két c6 sw
thay déi. Vi luong 0,6% thed gian bét dbu ddng két clia
mau xi mang a 36 phut (so véi yéu cAu ky thuat trong
TCVN 7569:2007 - xi méng alumin I3 2 30 phit) théa man
Vi yéu cAu ky thust ddi véi xi mang alumin, Digu nay c6
thé gidi thich nhu sau:

Axit citric 13 axit hiru co, c6 tac dung e ché sy tao
mam két tinh ddng thoi cac gbe tw do citrate dwere hip
phuy tryc tiép 1&n bé mat xi mang d& lam cén ¥ qua trinh
thly hoa cia xi mang alumin.

+ Khi dling ¥&i luong it (0,4%), tuong ciirate bj hip
phy (&n bé mét hat xi méng khong di, ma chi tao ra phic
hop hoa tan ca éanxi va aluminat trong dung dich trung
tinh v& kidm [10]. Do.d6, t4c dung didu chinh thoi gian
dong két va dong rén xi mang CAC khang dang ké.

« Khi ding v&i Iong nhidu hon (0,5%, 0,6%, 0,7%),
thi xdy ra ca hai qua trinh: vira tac san phim phéc hop
vira hép phy cac géc tu do citrate tric tiép 1n b& mét xi
mang, lam can trd qua frinh thiy héa [2,10]. Khi d6, qua
trinh ndo chiém wu thé s& ¢6 anh huéng quyét dinh toi
qua trinh thiy héa xi mang. Ta thay, voi lugng axit citiic
nhiéu hon, théi gian dong két cda mau ACS0 ting Ién, do
d5 qua trinh hép phy gbc tiy do citrate 18n bé mét hat xi
méng A chinh, lam thoi gian dong két clia mAu ting Jén,
Khi diing 16i 0,7% axit citric thi thi gian dong két rét dai,
thavi gian két thac d6ng két gin nhu 1a vé dinh.

- Khi st dting axit boric v6i ham lrong 0,1% thi theri
gian BPDK chi @at 1a 15 phut, tuy nhién khi s& dung 0,2%
thei gian BEDK thay ddi rat nhidu (1a 52 phat), thda man
y&u cdu ky thuat. Néu tiép tyc ting ham lwgng axit boric
14 0,3% thi lai kéo dai thei gian BBDK 1&n 1a 240 pht.
Didu nay ¢6 thé gidi thich nhw sau:

Bang 3, Anh hwéng cia céc phy gia téi 45 déo

tiéu chudin va thoni gian déng két ciia AC50

Téenmiu | MO | M1 [ M2 | M3 | M4 M5 M6 | M7 1] Mg | M10 | W11
NTC, % 250 | 250 | 250 | 250 | 270 | 250 | 250 | 20,0 | 290 | 290
BB, ph 25 | 29 | 35 | 245 | 15 | 52 | 240 4 15 5
KT.ph 4 4 45 44 65 |Rétdai| 25 67 |Réatda| 27 30 10
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Khi dung axit boric thi axit boric phan &ng vdi cic san
phém thily héa cia clanhke hish thanh nén Iép phii bao
vé dang keo hydroxit Ien b& mat hat xi mang. Tuy nhién
si# thily héa khdng bi ngaén chdn hoan toan do sw khuéch
tan clia nipdre c6 thé xdy ra méc di t8c do thily hoa giam.

« Ban d4u, khi diing 0,1% axit boric, keo hydroxit hinh
thanh bao boc hat xi méng lam cho nude kho tigp xic vdi
hat x1 mang, can trd sy thiy héa. Tuy nhién, lwgng keo
lgi khéng di nhigu nén chi bao boc dugc mét phan hat
xi mang, nwac vAn phén (g v cac hat con 1ai nén thai
gian dong két co tang 1&n la 15 phit (so vii mau ban déu
14 g&n nhw dang két tirc thi) nhieng khéng nhidu.

« Tiép tuc tang ham lveng phu gia axit boric 1&n 0,2%
thi e nay, lwong keo hydrat kha nhidu, vira bao boc hat
xi mang ddng nuée van cd thé khuéch tan tiép, thoi gian
dong két kéo dai hon (14 52 pht).

= Khi tang lgng axit boric 12n 0,3% (theo khdi lrgng
xi mang) thi lde nay, keo hinh thanh & at, bac boc hau
nhw gan hét hat xi méng, ngan chan nuoc tigp xac voi
céc hat xi mang, dinh chi thiy hdéa. Thoi gian bat dhu
dang két kéo dai toi 4h va thivi gian két thiic déng két gan
nhtr v0 dinh.

Do d6, lwong axit baric hep ty stz dung 48 didu chinh
thai gian dong két cda ACS0 12 0,2%.

- Khi str dung thach cao thoi gian bat diu dong két
cé cdi thign hon so v&i méu ban dau, tuy nhién thii gian
dong két van khang duwgc didu chinh dé théa man theo
TCVN 7589:2007.

Khi cd6 mat thach caa, gua trinh thlly héa trong xi
méng alumin e3n ¢ thém phan (ng:

Néu dv thiva thach cao:

Ciph; + 3CaS0,.2H,0 + 53H — C4A.3CaS0,.32H,0
+ A, + 3C,AH, (1)

Néu thach cao bj thiéu thi:

CypA; + CaS0,.2H,0 + 46H — C;A.CaS0,.12H
+ C4AH 3 + CoAHg + 3AH, + CyAHg (2)

Trang hé C,zA; va CaS04.2H,0 vai nude xdy ra qua
trinh hoa tan. Khi do:

- Xung quanh C,;A; xuét hign nhidu ion AI3*.

- Xung quanh thach cao xuat hién nhidu ion SO,

D6 la didu kign phan ung tao thanh khoang CaA.
CaS0,.12H;0 12 cég tinh thé dang tam, ndm xung qua-
nh va két tinh ngay trén b& mét C,,A,, tao nén mang
sit dac ngén can khong cho ion AP thodt ra khéi moi
trrirng lam gian néng 4 ion SO4% & xung quanh. Con
néim xung quanh hat thach cao tao nén mang xép do cac
tinh thé CaA 3CaS04.31H,0 (AFt) dang lang try két tinh
ngay trén b& mat, vdn dam bdo ion 50,2 thoat ra khdi

mang x3p tao cho dung dich & vi tri xung quanh hat thach
cao ludn ludh bao hoa ion SO.Z. D6 chinh ia didu kign
co ban lam cho mang sit chat clia CaA.CaS0,.12H,0
(AFm) bao xung guanh hat Cy,A; nhanh chéng bao hoa
sun phat d& bién tir trang thai gia bén AFm thanh trang
thai bén AFt cAu tric x6p bao ldy C,,A, va lic ndy tao
didu kien cho ion AI®* di qua mang xép ra méi truing
xung quavh gap ion SO, lai tao nén mang sit chat AFm
bao bén ngoai. BG goi la “chu ki cam (ing” 1am giam téc
a5 ninh két khi déng rén xi mang. Néu nhidu thach cao,
qua trinh tao hydrosufo aluminat canxi nhanh, |am cho
xung quanh hat C,A; ddng thi cé ¢ AFm va AFt. Khi
dé, tac dyng ngan can sy di chuyén ion A% di vao mai
trrrng kem, qua trinh hoa ta va thily héa di€n ra nhanh,
thoi gian dang két ngan.

Theo | Un 1on AI** ¢6 dac tinh keo tu manh nén dé
ngan can, lam gidm téc d6 ion AR* thoat ra mdi trudng
béng cach i6ng hop hydrosufo aluminat canxi thu hit ion
AB* [am cho ion d& khéng kip keo ty va khéng kip téc
déng kich thich cac pha phan tan keo cGa hydro silicat
canxi keo ty, lam kéo dai thei gian ninh két. [14]

Déi vai cac miu M9 = M1, miu M10 véi 1% thach
cao c6 tac dung duy tri “chu ky cam (:ng” va didu chinh
théri gian dong két tt nhat. Tuy nhién, co ché kéo dai
thai gian dang két bang “chu ky cam (ng” chua du dé
dam béo thoi gian thi céng cling nhw yéu ciu ky thuat
khi st ayng. Do vay, co thé théy rang, khéng thé sir dung
thach cao 1am phu gia d& didu chinh thiri gian dong két
cha AC50.

3.2 Anh hewdmg coia axit citric, axit boric va thach
Gao toi cwomg 69 xi mang AC50

Cuong 46 nén cla cac mau xi mang duoe danh gia
& cac tudi 6 gier, 1 ngay va 3 ngay theo TCVN 7569:2007.
Cac mau sau khi théo khudn duoc bdo dudng dm & dd
am = 95% va nhigt 3 27 + 1°C. Anh hwéng cla axit citric,
axit boric va thach cao dén mét sb tinh chét cla vira xi
méng dwge trinh bay trong bang 4 va hinh 4,56,

Nhén xét 1:

- Khi s dung axit citrig, 1y 1& N/X gidm so v&i méu xi
mang ban dAu. Khi tiang ham Iwrong phu gia 18n thi leong
nweoc tron gidm dan.

- Khi sir dung axit boric, ty 16 N/X cOng gidm so v&i
méu xi mang alumin ban d4u, tuy nhign khéng giam nhiéu
hon so véi khi ding axit citne.

- Khi st dung thach cao, ty 18 N/X khong thay ddi
nhiéu so vori khi khdng sir dung.

Nhan xét 2:

- Khi sz dung axit citric, axit boric va thach cao thi
curong do da xi mang sau 3 ngay twéi déu cao hon so vi
mau xi mang khdng s dung phu gia.
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Béng 4. M§t s tinh chit cia xi mang ACS0

. L P% chay
STT Tén miu Ty 18 NiX t5a, cm R6h, MPa R1, MPa R3, MPa
1 Mo 0,444 14,2 37,84 53,31 62,1
2 M2 0,416 14,3 3,90 79,80 82,65
3 M3 0,413 14,2 1,80 71,65 75,36
4 M4 0,404 14,1 62,23 75,58
5 M8 0,429 141 490,23 64,67 71.67
6 M7 0,422 14,2 46,33 68,77 74,91
7 M10 0,431 14,1 38,19 63,08 67,69
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Hinh 7. Anh SEM cia cac mau da xi mang sau 3 ngay tudi

- Axit boric va thach cao o6 1ac dung thac dy curmg
d0 tudi sdm (6h) frong khi diing axit citric thi cwromg d6
som 13 rét thap. Tuy nhién, sau 1 ngay tudi, tbe d9 phat
trién currng d6 clia mAu khi ding axit citric cao nhat, tiép
theo Ia axit boric va cudi cling 1a thach cac. Sau 3 ngay
tudi thir iy van nhu trén.

- Lurgmg phu gia 16i wu: dbi vai axit citric Ja 0,4%, doi
vl axit boric 1 0,2% con ddi voi thach cao 1a 1%.

Anh chyp SEM clia c&c méu d4 xi mang sau 3 ngay thiy
héa dirgc bdo dutmg & 27 + 1°C dugc thé hién trong hinh 7.

4. Két luan

Qua cac két qua nghién clru & trén co thé nit ra cac
két luzn sau:

- C6 thé ding axil citric va axit boric lam phu gia didu
chinh théri gian ddng két cia xi mang alumin AC50. Thach
cao khong thé didu chinh duwec thai gian dong két cia
ACS50 theo yau ciu clia TCVN 7569:2007.

- Lugng axit citric t8i wru str dung 1 0,6% con axit
boric 1a 0.2%. Hai loai axit nay co tac dung 1am cham thdi
gian dang két clia xi mang alumin, dong théi thic day
curng do nén clia xi mang & tudi 1 ngay va 3 ngay./.
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