BAI BAO KHOA HQC

NGHIEN CUU ANH HUONG CUA TACH CHIET KIEM PEN TAN CONG
NOI SULFATE DO HINH THANH ETTRINGITE GIAN POAN

Nguyén Vin Huéng'

Tém tat: Sy hinh thanh ettringite thong thuong trong giai doan dau ciia qud trinh hydrat dwoc xem
¢6 hiéu qua tich cye boi né cho phép diéu chinh qud trinh ninh két ciia xi mang, xong né lai déng
vai tro tiéu cyc khi ettringite hinh thanh khi vat liéu cua xi mang dong cung (goi la sy hinh thanh
ettringite gidn doan). Sw hinh thanh ettringite gidn doan la mét dang ciia tdn céng néi sulfate do
som bi xir Iy nhiét o nhiét do cao hon khoang 70°C. Nhiét do cao trong qua trinh hydrat sé ngan
chan sw hinh thanh va/ hoac phan huy ettringite thong thuong (nguyen sinh) trong qua trinh hydrat
cua xi mang, sau do vt lieu cua xi mang kho cu"ng va trong diéu kién méi triong am, ettringite sé
lai hinh thanh gdy ra gidn né hodc nirt né. Cdc cdu kién bé téng thuwong chiu dnh hieong boi sw thay
doi ciia thoi tiét tw nhién trong sudt qud trinh ton tai, tinh chat ciia dung dich 16 rong chdc chdn sé
bi thay déi do méi trwong. Nghién civu nay da thi nghiém xdc dinh bién dang dai ciia mdu vira va
nong do Na* va K cua dung dich ngdm madu duéng hé trong hai diéu kién (nuéc ngdm khong
khéng thay doi trong sudt qud trinh thi nghiém va thay doi dinh ky) trong thoi doan khodng 700
ngay. Két qud thue nghiém cia bai bdo ndy chi ra rang suw tach chiét cia cdc ion kiém (Na* va K*)
vdo trong dung dich dwéng hé déng mét vai tré quan trong trong co ché gian né béi sw hinh thanh

ettringite gidan dogn.

Tir khéa: Bé tong, vira, gian no, chiét tach, kiém, hinh thanh ettringite gian doan (DEF).

1. PAT VAN PE

Tan cong ndi sulfate do hinh thanh ettringite
gian doan la do vat li¢u cta xi mang (b€ tong, vira
hodc hé xi ming) non tudi bi xir Iy nhiét & nhiét
dd cao hon khoang 70°C (nhiét d6 nay do xur ly
nhiét dé kich thich phét trién cuong do ddi voi bé
tong dhic sin, bé tong thi cong trong diéu kién thoi
tiét nong hodc bé tong khdi 16m). Nhiét do cao
trong qua trinh hydrat s€é ngan chan sy hinh thanh
va/ hodc phan huy ettringite thong thuong (normal
ettringite) trong qua trinh hydrat, sau d6 bé tong
dong ctng va vé nhiét do moi truong trong diéu
kién am, ettringite gian doan s& hinh thanh giy
gidn nd hay nit tham chi két cdu bi pha hoai
(Taylor et al, 2001), (Escadeillas et al, 2007),
(Collepardi, 2003), (Huéng & Loc, 2011). Tan
cong ndi sun phat bo1 DEF dugc phat hién tur gitra
nhttng nam 1980 trén cac cu kién ta vet cua

' Khoa Xay dung Thiy loi — thuy dien, Truong Dai hoc
Bach Khoa — Pai hoc Da Nang,

duong ray tau hoa bang bé tong dic sin
(Mielenz et al, 1995), n6 dugc xem la mot bénh
méi d6i véi bé tong so véi tin cong ngoai
sulfate (ngudn sulfate tin cong dén tir méi
trudng cong trinh ton tai). Hau qua cua tan cong
ndi sulfate do DEF giy ra gidn nd, nit ddn dén
lam gidm cac dac trung co hoc nhu cuong do,
md dun dan hoi va do bén cua cong trinh bé
tong (Zhang et al, 2002a), (Brunetaud et al,
2008), (Hornain, 2007).

Nghién ctru vé anh huéng cua cac nhan td
dén sy hinh thanh ettringte gian doan, Nguyen
da téng hop cac nhan t6 anh huong dén DEF
thanh bén nhém nhan té (Nguyen, 2013):

- Diéu kién nhiét d6 ¢ thoi diém non tudi
(ngudong nhiét do, thoi gian xir ly nhiét, thoi
diém xur 1y nhiét,...);

- Tinh chat cta vat liéu (xi ming, cbt liéu,
phu gia,...);

- Cau tric cta bé tong, vira hay hd xi mang
(d6 rong, vi ciu trac);
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- Piéu kién moi truong ma vat lidu cua xi
méng ton tai sau khi xtr 1y nhiét.

Cho dén nay, da c6 mot sb nghién cru vé anh
hudng cua diéu kién moi trudng sau khi bi xir Iy
nhiét dén tin céng nodi sulfate boi DEF. Heinz
va cong su (Heinz et al, 1999) da thi nghiém
trén cidc mau ton tai & cac dd am khac nhau
trong 780 ngay di két luan rang do6 am twong
dbi can thiét cho tan cong nodi sulfate boi DEF 14
khong nho hon 95%. Trong khi d6 cac nghién
ciru khac cua Shimada (Shimada & Young,
2004) va Graf (Graf, 2007) cho rang ngudng d6
am nay 1a 92%; Famy va cong su (Famy et al,
2001) da thi nghiém trén cic miu vita trong cic
diéu kién duong ho miu khac nhau (do 4m
tuong d6i 90+100% va ngam trong nudc, dung
dich LiOH va KOH) trong thoi gian 900 ngay
sau khi mau bi xtr Iy nhiét & 90°C trong 12 gio,
két qua cho thiy: téc do va bién do gidn nd cia
mau ngam trong nudc 16n hon so véi miu trong
moi trudng Am, cdc miu ngam trong moi truong
KOH c¢6 gidn né nho hon so véi mau ngim
trong moi truong nudce, thaim chi khi mau ngdm
trong dung dich c6 néng d6 KOH 1a 920 mmol/1
khong thé hién bat ctr sy gidn nd nao sau hon
500 ngay. Tur cac két qua nay, Famy va cong sy
cho rang, co ché giin nd do DEF c6 lién quan
dén viéc chiét tach kiém tir dung dich 16 rdong
cua vat liéu ra bén ngoai; ngoai ra, cac nghién
cru cua Famy (Famy, 1999), Flatt (Flatt &
Scherer, 2008), Leklou (Leklou et al, 2013) cho
rang nhiét 6 cua nuwdc ngdm mAau sau khi xir Iy
nhiét ¢6 anh huéng quan trong dén qua trinh
gian nd do DEF. Céac nghién ctru ndy cho ring
tdn tai mot ngudng nhi¢t do gidi han ciia nudc
ngdm mau, néu nhiét do cua nudc ngdm mau
16n hon gi6i han ndy thi mau s& khong bi gidn
nd do DEF, tuy nhién tri sb vé ngudng nhiét do
gi61 han nay cua cac nghién ctru trén 1a chua co
su théng nhat.

Cho dén nay, di c6 nhiéu nghién ciru vé anh
hudng ctia chu trinh xir 1y nhiét (ddi v6i vat liéu
clia xi mang), tinh chét cia xi mang dén gidn no
do DEF. Tuy nhién, c6 it nghién ciru vé dicu
kién dudng ho (mdi truong) mau sau khi xir 1y
nhiét dén co ché gidn nd do DEF. Bai bao nay

s& nghién ciru vé anh hudng cua sy tach chiét
kiém do cac diéu kién bao dudng miu khac
nhau dén qué trinh gidn nd cia miu vita do tan
cong noi sulfate bdi DEF.

2. NGHIEN CUU THUC NGHIEM

2.1 Vit liéu thi nghiém

- Xi mang: loai xi mang thi nghiém duoc ky
hiéu 1a “b” c6 thanh phin hoa hoc, thanh phan
khoang va tinh chit vat Iy nhu ¢ Bang 1. Theo
Tiéu chuan BS EN 196-10:2016, xi ming nay
thuoc loai CEM 1 52.5 N. Ngoai ra, dbi voi xi
mang b dugc thém vao 3.1% Na,SO4 (dugc ky
hiéu 1a “bs”) nham ting kha ning Gng xir gay
gidn n¢ cling nhu giam thoi gian thi nghiém
(Nguyen et al, 2013), (Leklou et al, 2017).

- Cat: cat dung trong thi nghiém la loai cat ti€u
chuan silic Leucate phu hop véi BS EN 196-
10:2016. Theo tiéu chuan NF-P 18-590, loai cét
nay khong gay ra phan tmg kiém ct lidu.

Bang 1. Thanh phéin héa hoc, thanh phin
khoang va tinh chat vat Iy ciia xi ming

Thanh phan hoa hoc (%) va tinh chat vat Iy
Si0, 19.50
ALO; 5.20
F6203 2.30
CaO 64.20
MgO 0.90
SO; 3.50
Na,O 0.007
KO 1.07
NayOcq, 0.77
LOI 2.40
Khdi luong riéng (g/ cm’) 3.09
Dién tich bé mit Blaine (cm?/g) 4000

Thanh phan khoang (%)
CsS 66.0
C,S 13.0
C3A 11.0
C4AF 7.0

2.2 Thiét bi thi nghiém

- Gian no ké dung dé do bién dang dai c6 do
chinh xac dén 1pm (Hinh 1.a). Bé do duoc bién
dang dai, hai nim bang vat liéu dong dugc chét
vao khuon trude khi dac mau (Hinh 1.b), thiét bi
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va phuong phiap do phu hop véi ASTM
C1012/C1012M - 15.

- Pé danh gia anh hudng cua sy tach chiét
cac ion kiém dén gidn nd do tAn cong nodi
sulfate boi DEF, nghién ctru nay da dung thiét

a.Gian no ke b. Khuon dvuc mau

bi sic ky trao ddi ion loai 883 Basic IC plus -
Metrohm (qua trinh phan tich hoan toan tu
dong duoc diéu khién bang phan mém MagIC
Net™ Basic, két qua phan tich c6 do chinh
X4c cao).

c. Hop chira mau

Hinh 1. Khuén diic mau, thiét bi do bién dang dai va hdp chira mau

a. Scc ky 883 Basic IC plus - Metrohm — b. Nguyén 1y hoat déng ciia 883 Basic IC plus

Cétphantich  Petecto

R

’:'Jﬁ“;ﬂ. )
Hé théng phun %
h D May tinh
= Mau || Binh dung
. phan | chatthai
Dungmdi  Bom tich

Hinh 2. Sdc ky 883 Basic IC plus - Metrohm va nguyén Iy hoat déng

2.3 Chwong trinh thi nghiém

Nghién ctu duoc tién hanh trén cac miu
vira ky hiéu 1a Mb, Mbs tuong ung voi hai
loai xi mang b va bs. Cac mau vita duogc san
xuat v&i ty 1& nude/ xi mang 1a 0.50 va ty 18
cat/ xi mang la 3.

- Qua trinh ddc mau vira tuan theo Tiéu
chuan BS EN 196-10:2016.

- Sau d6, mau dugc xir ly nhiét ¢ ngudng
nhiét do 80°C véi tong thoi gian xtr Iy nhiét 25
gi0, theo chu trinh nhu sau:

= Mau duoc luu giir trong phong thi nghiém
(20°C) trong 2 gid (tinh tir thoi diém nhao tron);

= Ting nhiét do tir 20°C dén 80°C véi tde do
gia nhiét 30°C/ gio;

* Gilr nhiét dd & 80°C trong vong 10 gio;

= Giam nhiét d6 tir 80°C xubng 20°C véi toe
do giam nhiét 5.5°C/ gio.

- Sau khi xtr 1y nhiét, cac mau dugc thao khoi
khuon va dugc ngdm trong nudc cat bang cac

hop nhwa c6 nap ddy (Hinh 1.c, cac miu duoc
ngam ngap hoan toan trong nudc: mdi hop nhya
chira ba mau va ngam trong 1.25 lit nudc cat),
sau d6 luu trong phong thi nghi€ém & nhiét do
20°C. Pé nghién ctru anh hudng cua sy tach
chiét kiém dén qua trinh gidn no do DEF, trong
nghién ciru nay cac mau Mb va Mbs duoc ngam
trong nudc theo hai dang: (1): nudc ngdim mau
khong thay d6i trong sudt qué trinh thi nghiém
(ky hiéu: Mb.NW va Mbs.NW); (2): nudc ngdm
mau dugce thay méi dinh ky mdi lan do bién
dang (ky hi¢u: Mb.RW va Mbs.RW).

- Qua trinh do bién dang duoc thyc hién nhu
sau: trong 8 tuan dau, mdi tuan do mot lan; sau
tuan th 8 dén tuan thtr 24, hai tudn do mot lan;
sau 24 tuan, bdn tuan do mot 1an cho dén két
thac thi nghiém (729 ngay). Cung véi mdi lan
do bién dang, nudc ngdm mau ciing duoc 1y dé
phan tich nong d6 kiém (K va Na") bang sic ky
883 Basic IC plus - Metrohm.
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3. KET QUA VA BINH LUAN

Theo co ché cia tin cong ndi sulfate do sy
hinh thanh ettringite gian doan thi mdt trong
nhitng ing xir ciia DEF 1a biéu hién su gidn no
theo thoi gian. Két qua theo gidi qua trinh bién
dang cua cac mau vira Mbs (trong thoi gian 631
ngay) va Mb (trong thoi gian 729 ngay) tuong
g duogc thé hién nhu & Hinh 3 va Hinh 4, mdi
diém trén duong cong bién dang 1a gia tri trung
binh ciia ba miu do. Ngoai ra, duong nam
ngang co6 tung do 0.04% la gia tri gian no gidi
han xem 13 vat liéu bi bénh do tan ndi sun phat
boi DEF (LCPL, 2009) ciing duoc thé hién
trong cac hinh nay.

16 §§,H’§<}-§~-§—{>-"{’""§‘__-\}---{7
¥

Thit gizn (ngay)

Hinh 3. Két qua gidn né ciia cdc mau Mbs.RW
va Mbs.NW theo thoi gian

1 57 113 169 225 281 337 303 40 505 361 617 673 720
Thit gian (ngav)

Hinh 4. Két qua gidn no ciia cdc mau Mb.RW
va Mb.NW theo thoi gian

Két qua ¢ Hinh 3 cho thay: Di véi cac mau
vita duge ché tao véi loai xi mang bs (c6 ham
sulfate cao), trong ca hai truong hop (nudc
ngam mau duoc 1am méi dinh ky (Mbs. RW) va
khong thay nudc ngdm mau (Mbs. NW)) déu co
biéu hién gidn nd xay ra sdm va tri s6 ngudng
gidn no 16n. Tuy nhién, xét chi tiét thi trong hai
truong hop ndy ciing c6 nhiing biéu hién khac

nhau: miu Mbs.RW phat trién gidn nd nhanh
hon mau Mbs.NW, that viy mau Mbs.RW dat
gia tri gidn né 0.04% sau 74 ngay, trong khi do
Mbs.NW can 110 ngay méi dat duogc tri sd gidn
nd nay; Ngoai ra, sau 631 ngay, Mbs.RW co gia
tri bién dang 16n hon khoang 20% so véi
Mbs.NW.

Két qua ¢ Hinh 4 cho thdy: Sau 729 ngiy
ngdm mau, cic mau dugc dudng ho trong diéu
kién nudc khong thay d6i (Mb.NW) chua thé
hién bét ctr sy gidn né nao. Trong khi do, trong
diéu kién nudc ngdm mau duoc thay méi dinh
ky (Mb.RW) da thé hién qué trinh giin né mic
du rat cham (sau 590 ngay gidn nd 0.04%), sau
729 ngay Mb.RW gidn nd 0.13% va con tiép tuc
gidn no. Ngoai ra, néu so sanh v6i miu vira ché
tao v4i xi mang bs, d& hang thay rang cic mau
vira dung xi mang b khong biéu hién bat ctr su
gian no nao (Mb.NW so voi Mbs.NW) hoac
thoi diém bat dau gidn nd rat cham (Mb.RW so
voi Mbs.RW).

Tir cac két qua trén, co thé thay rang: Cac
mau dudng hd trong diéu kién nudc ngdm maiu
dugc 1am méi dinh ky 13 diéu kién tt dé kich
thich qué trinh gidn né do hinh thanh ettringite
gidn doan. Pé gbp phan giai thich nhan dinh
ndy, tac gia da tién hanh thi nghiém phan tich
ndng do cac ion kiém (Na* va K*) caa dung dich
ngam mau. Két qua phan tich ndng d6 céc ion
kiém theo thoi gian dugc biéu dién nhu ¢ Hinh
5 va Hinh 6.

—— [Nz ] - MbsRW
——[K] - Mbs RW
—-6—-Bién dang - Mbs RW

—— [Nz |- MbsNW
—a— [K]- Mbs.NW
—+— Bién dang - Mbs. NW

e T T e

BBidn dang (%)

Niing dii liiy Lich i Nalwa K fngdl)

) i fl.? 113 169 léf lél _.‘ﬁ sﬁs %‘19 305
Thi gian (ngav)
2y ’ ” e A \ + ? Je
Hinh 5. Sy tach cia ion K va Na* ciia nuée
ngam mau va bién dang cua mau Mbs.RW va
Mbs.NW theo thoi gian
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—— [Nz |- MbRW
——[K']- Mb.RW
—-©—-Bién dang - Mb.RW

—8—[Na |- MbNW
—a— [K]- Mb.NW

Bicn dang (%)

Ning dé iy lich ctia Na'va K ‘(mpj\)

361 617 673 729

5. 281 337 393 M9 5035
Thai gian (ngav)

Hinh 6. Sy tach cia ion K va Na* cia nuée
ngam mau va bién dang cua mau Mb.RW va
Mb.NW theo thoi gian

Két qua ¢ Hinh 5 va Hinh 6 cho thay:

- P6i v6i cac miu ngam trong dicu kién RW:
Trong giai doan dau viéc lam méi nudc dinh ky
s€ ludn tao duogc su chénh léch néng dd kiém
giita trong mau va nudc ngdm mau do d6 tao
thuan loi (kich thich) cho qué trinh tach chiét
kiém tir trong mau vita ra nuedc ngdm mau; Tuy
nhién, sau khoang 170 ngay, mdc du viéc thay
nudc van con tiép tuc nhung sy tach chiét kiém
1a gan nhu khong déng ké (duong cong lily tich
néng d6 kiém gin nhu nim ngang). Piéu nay
duogc giai thich 1a do lwong kiém trong miu gan
nhu d3 can kiét hodc ndm sdu bén trong kho
dugc tach chiét ra bén ngoai.

- Nguoc lai, dbi v6i cac mau ngam trong didu
kién NW, nong do cua cac i6n K™ va Na” trong
lan do déau tién (sau 7 ngay) 1a gan nhu tuong
duong v6i mau ngam trong diéu kién RW. Tuy
nhién, sau d6 thi qua trinh tach chiét gan nhu
khong dang ké. Piéu nay c6 thé duoc giai thich
1a do viéc khong lam méi nude lam cho nong do
cac i6n kiém trong nuwéc ngdm nhanh chong dat
dugc gia tri gan twong dwong nong do trong
mau vira do vAy sau d6 viéc tiép tuc tach chiét
dién ra cham va tiép tuc giam dan (tiém can
khong) theo thoi gian.

- So sach nong do liiy tich & cudi thoi doan
phan tich (477 ngay ddi v6i Mb va 421 ngay
dbi véi Mbs), nhan thay rang tong nong do céac
ion kiém tach chiét trong trudng hop RW 16n
hon khoang hai 1an so v6i dudng ho trong diéu
kién NW.

Pé 1am rd mbi lién hé gitra diéu kién dudng
ho hay mirc do tach chiét kiém tir dung dich 16
rong trong mau vita ra nudc ngdm mau va giin
né do tin tong ndi sulfate boi DEF thi cin xem
xét vai tro ctia kiém trong qua trinh hinh thanh
ettringite thuong trong qua trinh hydrat va
ettringite gidn doan trong thoi doan sau. That
vay, cac nghién cuou truoc day (Divet &
Randriambololona, 1998), (Zhang et al,
2002b), (Shimada & Young, 2004) cho rang:
v6i xi ming c6 ham luong kiém cao s& lam
cham hodc thdm chi ngan cdn sy hinh thanh
ettringite thuong, cu thé su c6 mit cua kiém
hydroxit s€ kich thich sy hydrat ctia C;S va can
trd sy hinh thanh ettringite thuong do Cs;A
phan tng vdi CaS04.2H,0 (ettringite kém 6n
dinh trong diéu kién pH cao), diéu nay din dén
cac i6n SO4* bi hép thy vat 1y vao cac gel C-S-
H. Ngoai ra, két qua nghién ctru ctia Brown va
Bothe cho thdy sy tach chiét cac ion kiém lam
giam pH cua dung dich 16 rong (pore solution)
s& kich hoat su giai phong i6n SO4*" trong cac
gel C-S-H (Brown & Bothe, 1993) do vay s€
kich thich sy hinh thanh ettringite gidn doan
(re-crystallization). Piéu nay giai thich tich
hop 1y cta két qua thi nghiém néu trén (lién hé
gitra tach chiét kiém va gidn nd do DEF). Nhu
vy, c6 thé két luan rang sy tach chiét cic i6n
kiém tir dung dich 16 rdng 1a yéu té thuan loi
cho qua trinh hinh thanh ettringte gidn doan
hay ting nguy co giam do bén vat liéu cua xi
ming do tin cong ndi sulfate.

4. KET LUAN

Tir cac két qua nghién ctru thuc nghiém xéc
dinh bién dang ctia miu vira trong thoi gian
khoang hai nam, két hop voi thi nghiém phan
tich néng do cac i6n kiém cia dung dich ngam
mau. Nghién ciru ndy dua ra mot s két luan
nhu sau:

- Piéu kién bao dudng miu vita s& quyét
dinh kha ning tach chiét cac ion kiém tir dung
dich 16 rdng. Diéu kién thi nghiém cia nghién
ctru nay cho thiy viéc 1am méi nudc ngdm mau
dinh ky tao thuan loi cho qua trinh tach chiét
cao gap xap xi hai 1an so véi truong hop khong
thay nudc;
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- Piéu kién bao dudng miu 13 mot trong
nhirng nhan t6 quan trong anh huéng dén sy
tan cong ndi sulfate do DEF. Su tach chiét cac
ion kiém tir dung dich 18 réng lam giam pH
cia dung dich 16 rong s& kich hoat sy giai
phong i6n SO4*" trong cac gel C-S-H do viy
s€ kich thich sy hinh thanh ettringite gian
doan (ting nguy co giam do bén vat liéu cua
xi ming do tan cong ndi sulfate): thac day

nhanh qua trinh gian nd va tang gia tri nguong
gian nd;

- Sy hinh thanh ettringite gidn doan dugc
xem la mQt trong nhitng nguyén nhan lam giam
d6 bén cua vat liéu ciia xi ming, do vay ddi véi
cac cong trinh ton tai trong diéu kién thuan loi
cho viéc chiét tach kiém (dap bé tong, tran xa
1ii, kénh dan,...) thi nguy co giam do bén cang
tang cao.
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Abstract:
STUDY THE INFLUENCE OF ALKALI LEACHING ON INTERNAL
SULFATE ATTACK BY DELAYED ETTRINGITE FORMATION

The primary ettringite formation in the initial stage of the hydration is considered as a positive
effect because it enables the setting regulation of cement, a damaging role is often attributed to the
ettringite formation in cement matrix (so-called delayed ettringite formation). Delayed Ettringite
Formation (DEF) is an internal sulfate attack caused by early age heating to a temperature of over
about 70°C. The high temperature during the hydration process will be decomposed and/ or
prevented the normal (primary) ettringite formed during the initial hydration of cement. The
ettringite is re-crystallized at later ages in cement matrix exposed to moist environment and causes
expansion or cracking. In concrete elements which were affected by natural climate changes during
service life, the composition of the pore solution inevitably changes due to the influence of storage.
This research has been experimented to determine the longitudinal deformation of the mortar
specimens and concentration of Na' and K of the immersion solution in two conditions (immersion
water was not changed during the experiment and was changed regularly)during the period of
about 700 days. The experimental results in this paper showed that the leaching of alkali ions (Na"
and K') into surrouding storage solution which plays a significant role in the mechanism of
expansion by delayed ettringite formation.

Keywords: concrete, mortar, expansion, leaching, alkali, delayed ettringite formation (DEF).
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