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Tom tét

Muc tiéu cta nghién ctu 1a danh gia anh huéng ctia ham luong thach cao phé thai cong nghiép gém su téi moét s6 tinh chat cua xi
ming Poocling & cdc ham luong thach cao tir 3 % dén 8 %. Céc tinh chdt cia xi mang dugc khao sat bao gdm luong nudc tiéu
chuén, thoi gian bat dau va két thic dong két, cuong do nén clia xi mang & 1, 3, 7, 28 ngay tudi va nhiét thiy héa cta hd xi ming.
Két qua thi nghiem cho thdy thach cao phé thai c6 thé sir dung lam phu gia san xuét xi mang Poocldng dap img yéu cau ky thuat theo
TCVN 2682:2009. Ham lugng thach cao phé thai t6i uu, vé cuong do, dua vao xi mang 1a 5 %.

Tirkhéa: thach cao phé thai, phu gia, xi mang Pooclang.

Abstract

The present work aims to evaluate the effect ofcontent (from 3 to 8 %) of waste gypsum (WG) from ceramic industry on some
properties of Portland cement. Cement properties examined were standard water demand, initial and final setting time, compressive
strength at ages of 1, 3, 7, 28 days, and hydration heat of cement pastes during the first 24 h. The experimental results show that WG
can be used as an additive for Portland cement production, meeting technical requirements according to TCVN 2682:2009. It was

found that the optimum WG content for cement, in terms of compressive strength, was 5 %.

Keywords: waste gypsum,additive, Portland cement.

1. Gidi thiéu

Thach cao 1a mot phu gia quan trong trong san xudt xi mang.
Thach cao ¢6 tac dung chinh 1a diéu chinh thoi gian dong két
cla xi mang do thach cao phan ung véi C;A tao lop san phdm
ettringite (C3A.3CaS04.32H,0) trén bé mit hat xi mang va cén
tré qua trinh thay hoa cda C;A [1]. Ngoai ra, néu st dung véi
ham luong hop ly, thach cao con c6 tac dung cdi thién cac tinh
chdt co ly nhu tang cuong do tudi som, giam do co, va ting do
bén hoa cta xi mang [2].

Hién tai ngudn cung cap thach cao chinh cho cong nghiép
xi mang & Viét Nam van 1a thach cao tu nhién v&i chi phi kha
cao. Trong khi d6, nudc ta lai c6 mot s6 luong lon cac loai phé
thai cong nghiép cing c6 chia thach cao: (1) thach cao FGD
(Flue Gas Desulfurization) thu hoi tir qué trinh xtr ly khi thai dét
than & cac nha may nhiét dién, (2) thach cao phét pho (PG) thu
hoi tir qué trinh san xudt héa chat phan boén, va (3) thach cao
khuon thai tir cdc nha may san xuat gém st sau khi st dung dé
r6t mot s6 1an nhat dinh [3].

Viéc st dung thach cao FGD va thach cao PG gdp nhiéu
han ché do chiing c6 nhiing nhuoc diém [3]. Thach cao FGD c¢6
chat luong khong 6n dinh, d6 dm cao chua dap tng duoc yéu
cau cho san xudt xi mang. Thach cao ba thai PG c6 lan nhiéu
tap chat c6 thé anh hudng dén chat lugng cda xi mang, do do
can phai duogc xtr ly truoe khi sir dung. Trong khi do, thach cao
khuon gom s phé thai duoc ché tao tir thach cao tu nhién nén
c6 tiém nang lon trong viéc st dung dé thay thé thach cao tu
nhién trong san xudt xi mang. Véi lugng phat sinh hon 33 nghin
tan/nam (s6 lieu ndm 2015) cua thach cao khuon thai ctia cong
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nghiép gom st thi day 1a mot ngudn cung cdp thach cao khong
hé nho cho cong nghiép sdn xuat xi mang, dem lai loi ich kinh
t€ Ion, tiét kiém tai nguyén va gidm thiéu tic dong téi moi
truong.

Két qua cua nhiéu nghién ctu cho thdy ham lugng thach
cao ¢6 anh hudng quan trong t¢i cac tinh chat cta xi mang
Pooclang [2]. Néu st dung lugng thach cao qua it sé khong du
dé lam cham qud trinh dong két, trong khi nhiéu thach cao sé
lam giam cuong do va do bén cla xi mang. Khi st dung & ham
lugng hop ly, thach cao gidp ting cuong do tudi som do thach
cao phan dng véi CsA tao ettringite. Ngoai ra, theo nhu nghién
clu cta Ménétrier [4], thach cao con gilp cai thién su hoa tan
ctia G5S va G,S, lam tang t6c¢ qua trinh hydrat héa cuia ching tao
ra C-S-H, dic biét trong 3 ngay dau, nho do6 ciing gidp cdi thien
cuong do sém cuia xi mang. Tuy nhién v&i mot lugng du thach
cao trong xi mang sé gay ra hién tuong hinh thanh ettringite
muon, cac ettringite nay can tré qua trinh tao thanh cac tinh thé,
gian ng gay (ng sudt tao cac vi nut trong cau trdc da xi mang tir
do lam giam cuong do xi mang [5]. Luong thach cao t6i uu sé
gitip dam bao kéo dai thoi gian dong két, cuong do t6i da cla xi
mang cang nhu 6n dinh thé tich cta xi mang.

Chinh vi vay, nghién ciu nay sé danh gia anh huéng cta
ham lugng thach cao phé thai cong nghiép gém st t6i mot s6 tinh
chat cta xi mang Poocling & cac ham lugng thach cao tir 3 % dén
8 %, trén co s do dé tim dugc ham luong t6i uu cda thach cao
khuon thai khi s&r dung thay thé thach cao tu nhién trong san
xudt xi mang Pooclang. Cac tinh chat ctia xi mang duoc khao sét
bao gébm luong nudc tiéu chudn, thoi gian bat dau va két thac
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dong két, cuong do nén cta xi mang ¢ 1, 3, 7, 28 ngay tudi va
nhiét thay hoa ctia ho xi mang.
2. Vat liéu va phuong phép nghién ctu
2.1. Vatliéu
Clanhke sir dung trong nghién ctu nay dugc san xuat tai nha
may xi mang VICEM Bt Son. Thanh phan héa va khoang cua
clanhke duoc cho trong Bang 1 va Bang 2.

Béng 1. Thanh phan hoa clia clanhke Bt Son.

Thanh
phg: $i0,. [ALO;. [Fe,05| CaO | MgO | SO; | KO |Na,O
- 1e
g)e 21,36 5,52 | 3,39 |64,73] 2,94 | 0,26 | 0,73 | 0,13
o

Bang 2. Thanh phan khoang cua clanhke But Son.
Thanhphdn | CS | GS | CGA | GAF | caotudo
Ty le (%) 473 | 258 | 89 10,3 2,7

Khuon thach cao dugc sir dung trong nghién ctiu nay la cac
khuon phé thai tai xuéng san xudt gém st Bat Trang, c6 thanh
phan khoéang cho trong Bang 3, thda man yéu cau ki thuat déi voi
thach cao st dung trong san xudt xi mang duoc quy dinh trong
tiéu chudn TCVN 9807:2013 [6].

Bang 3. Thanh phan khoang cua thach cao khuon thai.

Thanh phan CaS0..2H,0 | Ca;Ky(PsO1s)(H,0)s | CaCOs

Ty lé (%) 95,8 1,1 3,1

2.2. Phuong phap nghién ctu

Cac mau xi mang dugc chudn bi nhu sau: Thach cao khuon thai
duoc dap nho bang mdy kep ham dén kich thuoc nho hon 5 mm,
sau do thach cao dugc dong nhét va dugc sdy kho trong may sdy &
40 °C. Clanhke cting duoc dap ham dén kich thuéc nhé hon 5 mm.
Thach cao va clanhke dugc can theo céc ty lé nhu trong Bang 3,
sau d6 cho vao may nghién bi thi nghiém dén khi dat do min Blain
(3450 = 50) cm?/g .

Bang 4. Thanh phan cap phdi ctia cac mau xi mang.

STT mau 1 2 3 4 5 6
Ham luong

’ 7 4 2
clanhke (%) 9 96 95 9 93 9
Ham luong

’ 4 7
thach cao (%) 3 > 6 8

Cac tinh chat ctia xi mang dugc xac dinh nhu sau:

- Luong nudc tiéu chudn va thoi gian dong két duoc xac dinh
theo TCVN 6017:2011 [7].

- Cuodng do nén cta mau xi mang duoc xac dinh theo TCVN
6016:2011[8].

- Duong cong thay ddi nhiét do clia hd xi mang duoc xéac dinh
nhu sau: Tién hanh tron 400 g xi mang v6i 128 ml nuéc bang
mady tron (s&r dung téc do cham) trong 3 phat. H6 sau khi tron
dugc dién day vao mot hop nhua khong ndp (kich thuéc 5 cm x
5 cm x 4 cm) sau d6 gat phing miéng hop. Dt hop vao thung
x6p cach nhiét, cdm can nhiét vao gitta mau hé va két néi can

nhiét voi thiét bi ghi nhiét do. Qua trinh ghi nhiét do ho xi ming
dugc thuc hién ty dong 1 phat/lan trong suét 24 h.

3. Két qua va thao luan

3.1. Luong nudc tiéu chuidn va thoi gian dong két

Két qua thi nghiém xéc dinh luong nudc tieu chudn (LNTC), thoi
gian bat dau dong két (TGBDHK) va két thuc dong két (TGKTDK)
cla cac mau co theo ty le thanh phan thach cao phé thai khac
nhau duoc thé hien trong Hinh 1 va Hinh 2.
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Hinh 2. Anh huéng cda ham luong thach cao phé thai dén thoi
gian dong keét.

Két qua & Hinh 1 cho thay khi tang ham luong thach cao
tr 3 % dén 8 %, cac mau khao sat gan nhu khong co su thay déi
vé luong nudc tieu chudn. Diéu nay co thé duoc ly gidi la do
luong nudc tiéu chudn cta xi mang phan lon sé duoc cung cap
dé boi tron bé mit hat xi mang, mot lugng nho hon cung cap
cho cac phan ung thay hoa va boi tron bé mit san pham thay
hoa [9]. Tuy ham luong thach cao thay déi nhung ty dién Blaine
cla cdc mau nghién cdu c6 gia tri gan tuong duong nhau,
(3450« 50) cm%/g, do do lugng nudc tiéu chudn khong co su
khéc biét.

Két qua & Hinh 2 cho thdy cac mau xi mang co luong
thach cao phé thai I6n hon sé bt dau dong két va két thic dong
két muon hon. Khi ting ham lugng thach cao phé tir 3 dén 8 %,
TGBDDK tang tlr 95 phut lén 140 phut, trong khi TGKTDK tang
tr 160 phut lén 215 phat. Diéu nay cho thay thach cao khuon
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thai thé hien tac dung kéo dai thoi gian dong két cua xi mang. O
ham luong thach cao phé thai dudi 6 % ta thdy tac dung diéu
chinh thoi gian dong két ro rang hon, khi ham luong nay vuot
qua 6 % thi kha nang diéu chinh thoi gian dong két bi giam. Khi
str dung thach cao, thach cao sé& phan tng rat nhanh vgi C;A tao
ra ettringite. Cac tinh thé ettringite s&¢ bam trén bé mat hat xi
mang tao thanh l6p mang bdo vé lam giam sy di chuyén cuda
nudc tir do lam kéo dai thoi gian dong két cda xi mang [1].

Hinh 2 cting cho thdy thoi gian bit dau va két thdc dong
két cta cdc mau sir dung thach cao khuon thai déu dap ung
TCVN 2682:2009 voi TGBDDK lon hon 45 phit va TGKTDK
nhé hon 375 phdat [10].

3.2. Cudng do nén
Két qud thi nghiem xac dinh cuong do nén clia cac mau co
lugng thach cao khac nhau duoc thé hién trong Hinh 3.
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Hinh 3. Anh huéng ctia ham luong thach cao phé thai dén cuong
do nén.

Hinh 3 cho thay khi thay d6i ham luong thach cao phé
thai tr 3 % dén 8 % thi cuong do ctia mau c¢6 ham luong 5 %
dat gia tri cuc dai ¢ tdt ca cac tudi ngay. Diéu do6 cho thay luong
thach cao 5 % la ham luong thach cao t6i uu, két qud nay phu
hop véi cac nghién ciu ctia Kurdowski [11].

Su chénh léch cuong do gitta mau c6 ham luong thach cao
t6i uu 5 % va cac mau chia 3 %, 4 %, 6 %, 7 %, 8 % duoc thé
hién trong Hinh 4.
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Hinh 4. Chénh léch cuong do nén gitta mau 5 % thach cao va

cac mau 3 %, 4 %, 6 %, 7 %, 8 % thach cao.
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K&t qua cho thdy c6 sy gidam manh cda cuong do cua cac
mau st dung 6 %, 7 %, 8 % thach cao so v&i mau 5 % thach
cao, diéu do cho thay voi luong du thach cao phé thai s& anh
hudng rédt 1on toi cuong do xi mang, dic biét & cac tudi som.
Cuong do cla cac mau str dung 6 %, 7 %, 8 % thach cao bi suy
giam tuong ing 12 16 %, 21 %, 19 % so voi mau st dung 5 % &
3 ngay tudi, trong khi muc suy giam chi & mic 3 %, 6 %, 7 % &
28 ngay tudi. Theo Leklou va cic cong su [12], nguyén nhan
chinh ctia hién tugng nay la do su két tinh muén cua ettringite —
mot dang tdn cong sunphat vaoi xi ming. Cac tinh thé ettringite
két tinh muon lam tang thé tich da xi mang, tao ra cac ung suat
tr d6 gay ra cac vi nut trong cdu tric xi mang dan toi sy suy
giam cuong do clia mau.

3.3. Duong cong thay déi nhiét dé cua hd xi ming
Buong cong thay déi nhiét do hd xi mang trong 24 h duoc thé
hién trén Hinh 5.

5% thach cac

6% thach cao

e
15 .
Thot gian {h)
Hinh 5. Buong cong thay déi nhiét do cua ho xi mang
trong 24h.

Hinh 5 cho thay:

- Theo chiéu ting ham luong thach cao phé thai tr 3 % dén
6 %, mau hd xi ming chda 3 % thach cao bt dau ting nhiét
sém nhat, mau 6 % thach cao bat dau ting nhiét muon nhat.
Diéu nay chung to su c6 mit cda thach cao phé€ thdi trong xi
mang sé kéo dai thoi gian cda giai doan tién cam (ng va giai
doan cam ung, lam giam t6c do thay hoda cua xi mang tir dé kéo
dai thoi gian dong keét.
- Theo chiéu ting ham luong thach cao tir 3 % dén 6 %, dinh
peak nhiét do ciia mau ho xi mang tuong ng co su dich chuyén
tir trdi sang phai, cho thdy khoang thoi gian cda giai doan tang
t6c dai hon. Dac biét, véi mau st dung 5 % thach cao co
khoang thoi gian cta giai doan ting t6¢ la Ion nhét, lugng san
phdm thay hoa nhiéu nhit. Diéu nay phu hop voi két qud do
cuong do mau da duoc khao sat.
4. Kétluan
Dua vao két qua nghién ctu cac mau xi mang Poocldng chia
ham luong thach cao khuon théi tir 3 dén 8 % ta c6 thé dua ra
cac két luan sau:

Thach cao phé thai c6 tac dung kéo dai thoi gian dong két
cta xi mang. Khi ting ham luong thach cao tir 3 % dén 8 % thi
TGBDDK tang tir 95 phut [én 140 phut, TGKTDK tang tir 160
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phat lén 215 phdt, tuy nhién déu dat yeéu cau cua TCVN
2682:20009.

Khi tang ham luong thach cao phé thai trong xi mang nhung
gitr nguyén ty dién Blaine thi luong nudc tiéu chudn khong thay
doi dang ké.

Luong thach cao ph€ thai t6i uu thém vao xi mang la 5 % khi
xi mang dat cuong do lon hon & tdt ca cac ngay tudi. Cuong do
nén trung binh mau chta 5 % thach cao & 3 ngay tudi 29,22 MPa,
& 28 ngay tudi la 50,12 MPa.

Khi cho thach cao phé& thai nhiéu hon luong t6i wu sé lam
giam cuong do cla xi mang, ddc biét giam manh & tudi som.

Két qua nghién ciu cho thay co6 thé st dung thach cao phé
thai lam phu gia san xudt xi mang Poocldng thay cho thach cao tu
nhién. Ham lugng thach cao phé thdi t6i uu, doi voi clanhke va
thach cao phé thai duoc st dung trong nghién ctu nay, la 5 %.
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