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TONG QUAN VE TAN CONG SUN-PHAT BEN NGOAI POI VOI BE TONG
A REVIEW OF EXTERNAL SULPHATE ATTACKS ON CONCRETE

Nguyén Vin Huéng
Trwong Pai hoc Bach khoa, Pai hoc Pa Néang; nvhuongtlitdud@gmail.com

Toém tat - Sy hu hdng clia bé téng do tAn cong sun-phat 1a mot
trong nhirng van dé nghiém trong anh huéng xau dén d6 bén cua
cong trinh bé téng. Tan cdng sun- phat l& mot qua trinh héa - ly rat
phtrc tap. Tuy thudc vao ngudn géc cla ién sun-phat, tAn cong cla
sun-phat cé thé dwoc chia thanh hai nhém: tAn céng sun-phéat bén
trong va tn céng sun-phéat bén ngoai. Tan cong sun-phat dan dén
sy bién d6i cac san phdm hydrat cia xi mang thanh ettringite,
thach cao va cac dang khac, va n6 ciing dén dén sy mét 6n dinh
cwong do va sy dinh két do mét phan I&n gen C-S-H bi pha hay.
Trén co s& phan tich cac két qua nghién ctru clia thé gidi, bai bao
nay sé trinh bay tdng quan vé& tan cong sun-phéat bén ngoai dbi véi
bé téng va kién nghj céc gidi phap phong nglra dbi véi cac cong
trinh bé téng c6 nguy co b tAn céng sun-phét bén ngoai.

T khoa - bé tong; ettringite; sun-phat bén ngoai; tn cong sun-
phat; gian nd.

1. Pit van dé

Bé tong 1a vat liéu dugc dung rong rai cho cac cong
trinh xay dung trén thé gidi, né c6 mat gan nhu hau hét
cic bo phan ciia cong trinh ha tang xdy dung: mong,
tuong chin, san, tru cAu, ciu tau, cir, déap bé tong,... Cac
bd phan nay c6 thé ton tai trong mdi treong ¢d chira sun-
phat va/ hodc ban than ching san chira sun-phat, do d6 nd
tlem 4n nguy co giam d6 bén, tham chi bi pha hoai do bi
tan cong sun-phat.

Tén cong sun-phat 1a mot qua trinh phirc tap, sy hiéu
biét vé no chua that tron ven. That vy, nam 1994, trong
nghién ctru ciia minh, Depuy [6] cho rang: “Mic du tdn
cbng sun-phat da dugc nghién ctru mét cach rong rai,
nhung nhitng hiéu biét vé no that chwa ddy du”. Mudi naim
sau, nhan dinh nay cling da nhan dugc sy tan déng cla
Neville [8], ngoai ra Neville ciing dua ra két luan: “Phin
16n cac nghién ctru dugc thuc hién trong cac phong thi
nghiém, cac nghién ciru trén cdng trinh thyc té van con han
ché”. Bi do tinh phirc tap, nén van chua c6 su thong nhat
vé dinh nghia tin cong sun-phat vé phuong dién d bén cuia
vat li¢u bé tong [16]. Cu thé, cac nha nghién ctru con tranh
luan vé cac van dé: CO nén tach biét tAn cong sun-phét
thanh tan cong sun-phat Iy hoc (physical salfate attack) va
tan cong sun-phat héa hoc (chemical sulfate attack) hodc
thut ngir tn cong sun- -phat dugc ngam hiéu 13 tin cong
sun-phat héa hoc, con tan cong sun-phat 1y hoc dwoc gop
vao tan cong vat Iy chung (physical attack) d6i véi bé tong?

Bai b4o nay dong tinh véi quan diém cua Neville [8],
Skalny cung cac cong su [16] va Collepardi [5], rang: Tan
cdng sun-phdt (sulfate attack) la thudt ngit ding dé mé ta
mét chudi cdc phan ieng héa hoc giita cdc ion sun-phéat
vd cde thanh phan cia bé téng (chii yéu la ho xi mang) do
bé tong cé chira sun-phét hodc/ va ton tai trong moi
truong sun-phdt trong diéu kién am gdy ra s hw hong
cho bé téng.

Tuy thudc vao ngudn goc cua sun-phat, su tan cong cua
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sun-phat doi véi bé tong dugc chia thanh hai nhém: tn
cong ngoai sun-phét hay tan cong sun-phat bén ngoai
(external sulfate attack) va tdn cong ndi sun-phét hay tan
cong sun-phat bén trong (internal sulfate attack). Tén cong
sun-phat bén ngoai gay ra do bé tong tlep xuc voi sun-phat
ton tai trong moi truong bén ngoai (dat, nude ngim, nude
bién, nude thai, khong khi,...) va giy ra sy ' phé hoai bé tong
tr bén ngoai vao bén trong [1, 8, 16]; Tan cbng sun- phat
bén trong gy ra do ngudn sun-phat dén tir cac thanh phan
clia bé tong (xi mang, cdt lidu, nudce tron, phu gia) va gy
ra sy pha hoai trong toan bo khéi bé tong [9-12, 17].
Truong hop tan cong sun-phét bén trong tity theo diéu kién
mdi trudng, dugc chia thanh hai loai [12, 16]: Tan cong
sun-phat bén trong ¢ nhiét d6 méi truong hay tan cong noi
sun-phat ¢ nhiét d6 méi truong (internal sulfate attack at
ambient temperature), do hoat dong ctia sun-phét trong bé
tong cing khi n6 chira mot ham lugng sun-phat (xi mang,
phu gia, nuéc, cbt liéu) cao hodc do hoat dong cua cac hgp
chat hoa hoc khac cuia Ivu huynh chira trong cdt liéu [2, 4,
12, 14, 16]; Tan cong sun-phét bén trong do nhiét hay tan
cong ndi sun-phat do nhiét (heat-induced sulfate attack),
loai tdn cong nay dugc am chi boi sy hinh thanh ettringite
gian doan (delayed ettrlnglte formation) [9-13, 16, 17].
Tong quan vé cac dang tin cong sun-phat dwoc thé hién ¢
so do Hinh 1.

2. Céc dang tin céng sun-phat bén ngoai

Tén cong sun-phat bén ngoai dugc xem la loai tan cong
sun-phét c¢d dién so voi tin cong sun-phét bén trong. Hau hét
c4c loai sun-phat déu tan trong nudc va tac dong xau dén bé
t6ng ding xi mang pooc ling, ngoai trir BaSO4 (bdi né gan
nhu khong tan trong nudc). Trong truong hop tin cong sun-
phat bén ngoai, ngudn sun-phat thuong gap nhét 1a cac loai
mudi sun-phat ctia can-xi, ma-gié, na-tri, ka-li, a-mé-ni... ton
tai trong dt hay tan trong nuéc ngam, nudc bién' tiép dén 1a
rac thai cong nghiép, nudc thai nong - cong nghiép; sau cung
14 sun-phat c6 nguon gdc tir khong khi 6 nhidm.
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Hinh 1. Tong quan cdc dang tan céng ciia sun - phat

Tan cong sun- phat bén ngoai chi xay ra khi két cdu bé
tong hoi du ba diéu kién [5]: (1) Bé tong c6 tinh thim; (@)
Bé tong ton tai trong moi truong chira sun-phat v&i ndong
d6 nhat dinh; (3) Su hién dién cua nudc. Néu khuyet mot
trong ba diéu kién trén thi su tan cong sun-phét bén ngoai
khong xay ra, vi du véi bé tong c6 16 rdng va/ hay c6 vét
nirt nho (c6 kha nang thAm nuéc) ton tai trong moi truong
dat kho c6 chira sun-phat s& khong gay ra tin cong sun-phét
bén ngoai (do thiéu nudc nén sun-phat khong thé di chuyén
vao bén trong bé tong). Tuy thudc vao co ché tuong tac
giita sun-phat v6i san pham hydrat ctia xi mang va didu
kién moi truong, su hu hong cia bé tong do tin cong sun-
phét bén ngoai co6 thé theo cac qua trinh phd bién sau:

2.1. Tin céng béi muoi sun-phat

Qua trinh nay c6 thé xay ra d6i vai tat ca cac loai mubi
sun-phét (NazS0y4, K2S04, CaS0s,...), ngoai trir MgSOa.

- Ban dau, sun-phat tin cong Ca(OH), va gen C-S-H
(C: CaO, SiO, H: H;0) dé hinh thanh thach cao CSH,
(CaS04.2H,0):

S04 + Ca?* + 2H,0 — CaS04.2H,0 1)

Ngudn i6n Ca?* cung cap cho qué trinh (1) tir su tan cta
Ca(OH); hay su mét can-xi (decalcification) tir gen C-S-H.
Qua trinh nay ¢ thé gay ra sy giin nd do hinh thanh thach
cao trong 18 rdng cua ho xi mang da dong ctimg dan dén su
giam cudng do, giam tinh dinh két do giam ty s6 C/S trong
gen C-S-H [7].

- Sau do, sy tin cong sun-phat dugc biéu hién béng su hinh
thanh ettringite C3A.3CS.Hz, (3Ca0.Al,03.3CaS04.32H,0)
do thach cao tac dung v6i mondsunphét (C3A.CS.H12.1) [16]:

C3A.CS.H12.13 + CSHZ + H,O —» CsA.3CS.H32 (2)

Ngoai ra, thach cao ciing c6 thé tac dung vi celit (CzA)
chua thiy hoa cuia xi mang hinh thanh ettringite gay gién no,
tuy nhién truong hop nay hiém khi xay ra [12, 16]. Do do,
su hinh thanh ettringite cht yéu theo phuong trinh (2) khi bé
tong da dong clmg, day la nguyén nhan chinh lam cho bé
tong bi gidn nd va co thé dan dén nirt né, v& vun [5, 16]. Luu
v, dbi voi treong hop ngudn ngoai sun-phat 1a CaSOs thi sy
tAn cong sun-phat xay ra tryc tiép theo phuong trinh (2).

2.2. Tin cong Sun-phét bén ngoai boi MgSO:

MgSO, 1a mét loai mudi sun-phat, nhung co ché tan cong
va pha hoai hoan toan khac vgi cac mudi sun-phét khac (néu

& phan 2.1). Qua trinh tin cong sun-phat do MgSOs bat dau
boi sy tac dung voi Ca(OH), ciia ho xi mang d€ hinh thanh
brucite (Mg(OH),) va thach cao [7, 16]:

Mg?* + SO4* + Ca(OH); + 2H,0 —

Mg(OH), + CaS04.2H,0 3)

Song song va ndi tiép 1 sy mét can-xi tir gen C-S-H,
tao thanh silica vo dinh hinh ngdm nuéc (Si02.aq) va/ hay
tinh thé serpentine kém bén (3Mg0.2Si0,.2H,0) [7, 16]:

XMg?* + xS04% + xCa0.Si0.eq + 3xH.0 —
XCaS04.2H,0 + xMg(OH); + SiO2.aq 4
2xMg?* + 2xS0.% + 2[xCa0.Si0z.aq] + yH.0 —
3MgO.Si02.2H,0 + 2x[CaS04.2H,0] + (2x-3)Mg(OH),
®)

Sy mét can-xi ciia gen C-S-H 1a nguyén nhan chu yéu
dan dén sy mat cudng do, giam tinh dinh két va c6 thé dan
dén pha hoai bé tong. Su tin cong do dung dich cia MgSO4
12 manh liét hon cac loai mudi sun-phét khéc. Nguyén nhan
1a do Mg(OH); c6 tinh tan rat thap, do d6 d6 pH trong dung
dich 15 rong giam nho dan dén gen C-S-H kho 6n dinh. Vi
vay, sau khi Ca(OH); bi thiéu thu theo (4) lam cho d6 pH
giam dén gia tri gioi han thi sy mit can-xi trong gen C-S-
H xay ra nhim dam bio do can bang pH trong dung dich 15
rong. Tuy nhién, Ca(OH); vira tao thanh ngay lap tirc tac
dung v6i MgSO, dé hinh thanh Mg(OH); va CaS04.2H,0
cho dén khi khéng con MgSO4. Do d6, qua trinh nay c6 thé
dan dén sy pha hoai hoan toan gen C-S-H.

Sy tin cong ctia dung dich MgSO4 d6i véi bé tong duoc
mo ta bang su di chuyén cta i6n OH™ dén bé mat dé hinh
thanh Mg(OH), va su di chuyén cia i6n SO.Z vao bén
trong dé hinh thanh thach cao va ving sau hon hinh thanh
mot lugng nhd ettringite.

2.3. Tén cong sun-phdt béi sy hinh thanh thaumasite (TSA)

Sur hinh thanh khoang thaumasite (CaSiOz.CaCOs.CaS04.15H;0)
la mot dang cta tin cong sun-phat bén ngoai (thaumasite
sulfate attack, viét tit 1a TSA). Khoang thaumasite c6 thé hinh
thanh khi sun-phat tan cong gen C-S-H va Ca(OH), vdi su co
mit cua cac-bd-nét (COs?) trong didu kién nhiét do thip
(<15°C) [3] va do pH >10.5 [18]:

3Ca?* + Si0z% + COz% + SO4* + 15H,0 —

CaSi03.CaC03.CaS04.15H,0 (6)
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Ngudn sun-phét cung cip cho phan tng (6) c6 thé 1a bén
trong hay/ va bén ngoai, tuy nhién phin 16n TSA xay ratrong
thyc té 14 do nguon sun-phat bén ngoai [16]. Ciing glong nhu
i6n SO4%, nguon céc- -bd-nat bén trong c6 the cung cap baoi xi
mang, phu gia hay cdt liéu va/ hay ngudn cac-bd-nat bén
ngoai cung cép boi CO, trong khong khi hay COz? trong
nudc ngam, nudc mat, nuoe bién [15]. Cac i6n SiOs? duge
cung cép tir gen C-S-H va day 1a nguyén nhéan chinh dan dén
giam kha ning dinh két va giam cuong d¢ cua vat liéu bé
tong. Pbi vai cac truong hop nghiém trong, ho xi mang (C-
S-H va Ca(OH).) bi pha huy hoan toan va thay thé bang
thaumasite dang sét, mau tring, khong c6 tinh két dinh lam
cho cdng trinh bé tong bi pha huy.

2.4. Tén céng sun-phat boi H2S04

Nguon H,S04 ¢6 thé gyra tan cong sun-phéat bén ngoai
d6i voi bé tong co thé dén tir: axit sun-phu-ric tu do ton tai
trong nudc ngam (hinh thanh tr sw 6xy hoa cac loai sulfide,
cha yéu 1a FeS; ton tai trong dat voi sy hién dién cta oxy
trong diéu kién 4m); H,SO; ton tai trong nudc thai cong
nghiép; HoSO4 hinh thanh tir nu6e cong thai; HSO4 cling
¢6 thé ton tai trong nudc mua.

Ban dau, H,SO; tan cong Ca(OH), dé hinh thanh thach
cao theo phan tng (7), tiép theo hodc dong thoi HSO4 tan
cbng gen C-S-H tao thanh silica v6 dinh hinh ngdm nudc
va thach cao theo phan tng (8):

Ca(OH); + H,SO4 — CaS04.2H,0 @)
xCaO.SiOZ.aq + xH,S0O4 + XxH,0 —»
xCaS04.2H,0 + SiOz.aq (8)

Sy ¢6 mit va tn cong ctia HSO4 1am cho d6 pH giam,
dan dén cac san phim hydrat cua xi ming nhu Afm va AFt
mit 6n dinh va c6 thé bién doi thanh CaS04.2H.0 va
Aly(SO4)s. Tuy nhién, ¢ sau bén trong, noi d6 pH con duoc

duy tri va thach cao (sinh ra true d6) di chuyén dén nén mot
lugng nho ettringite c6 thé dugc hinh thanh [16]. Qué trinh
tAn cong sun-phét do H2S0O4 theo cac phdn g (7) va (8) 1am
pha huy séu cac san pham hydrat cua Xi mang, dan dén su
mét cuong do ciia bé tong. Mat khac, néu két ciu bé tong bi
tan cong boi HoSO; ton tai trong moi trudng co dong chay
thi cac san pham sinh ra do qué trinh tan cong trén (dic biét
1a cac mudi kiém sun-phat va mudi nhom sun-phét, ¢ mirc
d6 thap hon 1a mubi can-xi sun-phat) s& bi dich chuyén ra bé
mit ty do va rira tréi. Nghiém trong hon, néu bé tong st dung
cbt liéu nhu da voi, ¢4 d6lomit, da magnesite,... thi loai cot
lidu nay ciing xay ra qua trinh pha hily ciing voi hd xi méang.
2.5. Tdn cdng sun-phdt béi nwéc bién

Nudc bién chira cac i6n chinh la: Na*, Mg?*, CI" va
S04Z, ciing vdi cac ion khac ¢6 ndng d6 nho hon nhu: K*,
Ca?*, HCOs va Br. Sy tan cong ciia nudc bién 1a két qua
clia sy tuong tac dong thoi cia mot sb i6n ké trén voi bé
tdng ¢ cac mirc do khac nhau.

Két qua cua sy tan cong héa hoc ciia nude bién dbi véi bé
tong la tao thanh Mg(OH);, CaCOs; SiO.aq,
4Mg0.Si0,.8H,0, CaS04.2H0, etringite theo cac phan tng:

Mg?* + Ca(OH); - Mg(OH), + Ca?* 9)

CO; + Ca(OH), — CaCOs (10)

XCO; + xCa0.Si0z.aq — xCaCO;3 + SiOz.aq (11)

xCa0.Si0z.aq + 4Mg?* + 4504% + (4-x)Ca(OH),nH,O

— 4Mg0.Si0,.8H,0 + 4CaS04.2H,0  (12)

Téc nhan chinh din dén sy mém hoa cua hd Xi mang va
giam cudng d cua bé tong trong moi tredng bién chinh 1a
s pha huy gen C-S-H theo phan tng (11), (12) va hinh
thanh tinh thé 4Mg0.Si0,.8H,0 kém bén.

Dudng ho khéng hop 17 |
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Hinh 2. So d6 thé hién tong qudt co' ché tin céng sun-phét bén ngoai [16]
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Tu cach phén loai nhu trén, bai bao nay dua ra ket luén:
Tén cong sun-phat bén ngoai 1a sy tuong tac gitra nguon sun-
phat bén ngoai vdi san pham hydrat cuia xi mang trong bé tong
da dong cing, gay ra sy thay ddi vé& hoa hoc cac san pham
hydrat cia xi mang, hau qua dan dén sy gidn no, mét tinh dinh
két, giam cuong do, ting do rdng, vd bé mat hay tach 16p,
tham chi pha hoai hoan toan két clu bé tong. Hai dac diém
chinh dan dén sy hu hong bé tong do tan cong sun-phét bén
ngoai la: (1) Su hinh thanh thach cao va ettringite khi bé tong
da dong cung (secondary ettringite) gay ra gian no (2) va/ hodc
pha hity gen C-S-H (nhan t6 chinh gop phan hinh thanh cudng
do bé tong). Birc tranh toan canh vé tin cong sun-phat bén
ngoai di v4i bé tong dugc thé hién bang so d6 Hinh 2.

3. Giii phap phong ngira

Hau qua do tin cong sun-phét bén ngoai dbi voi cong
trinh bé tong 1 rit nghiém trong va phirc tap. Khi da xay
ra thi rat kho tham chi khong thé sira chita va rat ton kém.
Do d6, trong thiét ké ddi vi cac cong trinh str dung bé tong
¢ nguy co bi tn cong ngoai sun-phat thi cach tot nhét 1a
tim giai phap phong ngira tir khi thiét ké cap phdi cho bé
tong. Xuit phat tir co ché tin cong sun-phat bén ngoai, mot
sO giai phap phong ngira dugc dé nghi sau day:

- Dung bé téng c6 tinh chéng thim cao hodc ding 16p
chdng thim bé mit (coating or hydrophobizing), tuy nhién
giai phap nay thuong cé gia thanh cao;

- D01 véi truong hop cong trinh tlep xuc voi moi truong
¢6 ndng do sun-phat thip, co thé ding xi ming bén sun-
phat type II (xi mang c6 ham lugng C3A<8% theo tiéu
chuin ASTM C150); Dbi véi méi truong co ndng do sun-
phét cao, c6 thé ding xi ming bén sun-phat type V (xi
mang c¢6 ham lugng CsA < 5% va CsA + C4AF < 25% theo
tiéu chudn ASTM C150) [1];

- Dung hdn hop chit két dinh ciia xi mang pooc ling
v6i cdc loai phu gia khoang hoat tinh pu- -z0-lan-nic (mudi
silic, métakaolanh, tro trau, tro bay,...) v6i ham lugng phu
hop ¢6 tac dung twong duong thdm chi t6t hon xi mang bén
sun- phét type V. Trong diéu kién moi truong khic nghiét,
can phai dung xi ming bén sun-phat type V két hop vai phu
gia khoang c6 hoat tinh pu-z6-lan-nic cao.
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