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Tém tit

Tuong tu nhu chat két dinh thach cao dugc ché tao tir d4 thach cao tu nhién, chat két dinh thach cao phospho
(PGB) dugc ché tao tir thach cao phospho (Phosphogypsum PG) c6 nhuoc diém 16n 1a khong bén nude va co
cuong do thdp. Thanh phan cua PG chii yéu chira canxi sunphat dihydrat (CaSOs. 2H20) v6oi ham luong c6 thé
16n hon 75%, dong thoi chira ham lugng tap chét nhat dinh (tir 2+6%). Cac tap chét thuong 14 hop chat chira
Flo, P,0s, axit du. Bai bao nay trinh bay mot s6 két qua nghién ctru sir dung thach cao PG tai Dinh Vii két hop
v6i xi mang pobe ling, meta cao lanh va phu gia siéu déo dé ché tao chat két dinh thach cao hdn hop c6 kha
nang chiu nudce, cuong do cao. Mau thach cao ché tao c6 cuong do nén dat 33,16 MPa, h¢ $6 hoa mém dat 0,9.

Twr khod: thach cao ty nhién; thach cao phospho; thach cao chiu nuéc; thach cao cuong dd cao; chét két dinh
thach cao hon hop.

RESEARCH FOR THE PRODUCTION OF WATER-RESISTANT, HIGH-STRENGTH GYPSUM BINDER
FROM PHOSPHORUS GYPSUM

Abstract

Similar to gypsum binder made from natural gypsum stone, phosphorus gypsum binder (PGB) made from
gypsum phosphorus (Phosphogypsum - PG) is not water resistant and has low strength. The composition of PG
mainly contains calcium sulfate dihydrate (CaSO4.2H,0) with a content possibly greater than 75% and contains
certain impurities (from 2+6%). These impurities are fluorine compounds, P,Os, and residual acids. This paper
presents some research results on using PG gypsum in Dinh Vu in combination with Portland cement, meta
kaolin, and superplasticizers to make a high-strength and water-resistant mixed gypsum binder. The gypsum
sample has a compressive strength of 33.2 MPa and a softening coefficient of 0.9.

Keywords: natural gypsum; phosphorus gypsum; water-resistant gypsum; high strength gypsum; mixed gypsum
binder.

https://doi.org/10.31814/stce.huce2023-17(2V)-13 © 2023 Truong Dai hoc Xay dung Ha N6i (PHXDHN)

1. Giéi thigu

Thach cao phospho (Phosphogypsum - PG) 1a san pham phu ctia qua trinh san xuat axit phosphoric
tir quang phosphat (hay quing apatit) cht yéu bang phuong phap uét trong cong nghiép san xuat phan
bon [1, 2]. Theo J.H. Potgieter va cong su [3], quing phosphat cé thanh phan khoang chinh bao gom:
goethite va quartz, fluorapatile [CajgF2(PO4)s.CaCO3]. Ching chita mgt ham lugng nhd gém Al-
phosphates, anatase, magnetite, monazite, barite, mot s6 kim loai nang, nguyén td vét nhu cadmiun
(Cd), nickel (Ni) va mot s6 nguyén t6 phong xa nhu **U va 232Th. Thanh phan cta bi thai PG rit
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da dang, phu thudc vao ngudn quing va qua trinh cong nghé san xuat axit phosphoric [4]. Thanh
phan chinh cua ba thai PG 1a thach cao CaSO4, CaSO4.2H,0, chung c6 kich thudc hat trong khoang
0+100 um trong d6 khoang 30% hat c6 kich thugc < 40 pm, mot lugng nhé con lai la HSO4; HF;
H3POy; Si0,. Vi vay, ba thai PG néu khong duoc xir Iy trude khi dua ra bii chtra s& gdy ra nhiing tac
hai nghiém trong vé& méi trudng dét, nude va khong khi.

Theo thng ké, dé san xuat duoc 1 tin axit photphoric s& c6 khoang 4+6 tin PG duoc tao ra. Hién
nay, san luong axit phosphoric trén thé gidi trung binh hing nam 1a 40 trigu tan, do d6 tong lugng PG
thai ra trén toan thé giéi udc tinh khoang 100+280 triéu tin mdi nim ma chi khoang 15% trong sb
do duoc tai st dung, ph?m con lai dugc dua ra cac bai thai [5]. Hién nay nudc ta c6 3 nha may phat
sinh PG 16n bao gdbm: nha may DAP cuia Cong Ty C6 phan DAP Vinachem - Dinh Vil tai Hai Phong,
Cong ty C6 phan DAP s 2 tai Lao Cai va Cong ty C6 phan Hoa chat va phan bon Pic Giang. Tong
lugng phé thai PG phat sinh hang nim khoang 1,96 triéu tan. Tinh dén hét ndm 2022 ca nudc sé& co
trén 12,7 triéu tin PG con ton dong. Chi tinh riéng nha may DAP - Dinh Vi hang nim phat sinh phé
thai PG khoang 450.000 tin véi lugng ton dong tai bai chira ciia nha méay 1én dén 3,5 triéu tan [6]. Do
d6 viéc nghién ctru va xir Iy nham tai sir dung luong 16n PG ¢ nudc ta khong nhimg giup giam thiéu
6 nhidm moi trudng ma con tao ra cac san pham co tinh g dung cao, mang lai hiéu qua kinh té 1on.

Trén thé giéi da co nhiéu nghién ciru nham xir 1y va tai sir dung ba thai PG. Sau khi xir 1y, san
phdm PG c6 thé dugc sir dung dudi dang canxi sunphat dihydrat (CaSO4.2H,0) dé lam vat liéu loc
mudi cho dit bj nhiém man, giam gia tri pH cho dét, nang cao ning suat cay trong [7, 8], sir dung trong
cong nghiép san xuét xi mang [5]. PG ciing c6 thé dugc nung & cac diéu kién nhiét d6 khac nhau dé
tao thanh chat két dinh dudi dang hemihydrate (CaSQ4.0,5H,0) va anhydrite (CaSO4) hoic két hop
v6i xi mang ché tao chét két dinh hdn hop [9, 10], chat két dinh cudng do cao [7, 11] hay san xuét vita
va tdm thach cao 1am vach ngan, c6 tinh cach am, cach nhiét va chdng chay [4].

Tuy nhién thach cao 1a chit két dinh rdn chic trong khong khi nén c6 d6 bén nuée thap. Bé ting
d6 bén nude cua thach cao c6 thé s dung phu gia dang polymer cé tac dung bao boc quanh cac san
pham thuy hoa cia thach cao, ngin can sy tiép xtc cua ching voi nude hodc sir dung xi mang pode
lang du6i dang phu gia. Hon hop chit két dinh thach cao véi xi mang podc ling sé& tao ra tac dung
tuong hd 1am ching vira c6 tinh chit cta chit két dinh thach cao 1a rdn chic nhanh vira c6 tinh chat
ctia xi mang 1a bén nudc. Tuy nhién hdn hop chét két dinh thach cao vdi xi mang trong qua trinh rin
chéc ¢ dic diém 1a khong 6n dinh. Khi tron véi nude, o thoi gian dau hdn hop nay dong két, ran chic
nhanh, nhung sau hai dén ba thang hoac c6 thé mudn hon, s& xuét hién ung suét trong h¢ chét két dinh
lam cho cuong do khong nhimg bi suy giam ma hé con c6 thé bi pha huy. Hién tuong nay 1a do su
hinh thanh ettringite tir san phidm thuy ho4 ciia xi ming va canxi sulfat.

Volzhensky va cong sur [12] d4 phat hién thay néu cho thém mét lwgng phu gia puzolan thich hop
vao hon hop chét két dinh thach cao véi xi mang podc lang thi co thé dat dugc su 6n dinh cta hé chét
két dinh va sy gia ting cudng do trong sudt qua trinh ran chac trong moi trudng khong khi cling nhu
moi truong nude ma khong xudt hién Gng suit pha huy. Bén canh d6 chat két dinh thach cao c6 ty 1&
N/CKD 16n (60+75%) nén c6 cuong do twong ddi thap. Str dung PGSD nham giam ty 16 N/CKD la
mot bién phap cai thi¢én cuong d6 cua chung.

PG tai Viét Nam c6 céc tinh chét vat Iy twong tu nhu cac ngudn khac trén thé gidi nhung ching
lai chtra ham luong cac chat phong xa thip hon dang ké [13], dong thoi cac thanh phan nguy hai vo
co trong PG déu thap hon so voi ngudng chét thai nguy hai theo QCVN 07:2009/BTNMT. Tai Viét
Nam di c6 mot sb tac gia nghién ctru quy trinh xir 1y, tai st dung PG. Cu thé, phé thai PG cua nha
may DAP Dinh Vii - Hai Phong da dugc nghién ciru st dung két hop véi ammonium flouride dé tong
hop ammonium sulphat 1am phéan bén [14], st dung PG da qua xir Iy dé nghién ctru anh hudng cia
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chung dén cac tinh chat ctia xi mang podc lang [15—17], nghién ciru quy trinh cong nghé xu ly PG dé
lam vat liéu xay dung [18], lam vét liéu san nén [19], ché tao chit két dinh anhydrite [6], két hop voi
xi 10 cao dé ché tao chat két dinh c6 ham luong sun phét cao [20], ching ciing dugc nghién ciru xir
1y va tai str dung lam nguyén liéu dé san xuit tim thach cao thong thuong [21]. Sau khi xtr Iy, thanh
phin hoa va dic tinh co Iy ciia PG dwoc cai thién phin ndo, nhung chung van chua dap tng dugc yéu
cau k¥ thuat dé san xuét tAm thach cao.

Nghién ciru nay sir dung chat két dinh PGB dugc ché tao tir PG c6 ngudn gdc tai nha may DAP
Dinh Vii - Hai Phong két hop xi ming podc ling va meta cao lanh vdi vai tro 1a phy gia dé ché tao
chét két dinh thach cao hdn hop c6 kha nang chiu nuéc, cuong do cao. Cu thé mau da thach cao sau
khi ran chic c6 hé s6 hoa mém 16n hon 0,75 va cuong do nén 16n hon 30 MPa. Phu gia siéu déo ciing
6 thé duoc st dung nham giam lugng nudce sir dung, tir do gitip cai thién cuong do nén va ph::in nao
cai thién duoc kha nang chiu nudc cua chit két dinh hdn hop nay.

2. Nguyén vit liéu sit dung va phwong phap nghién ciru
2.1. Vat lieu su dung

Thach cao phospho (PG) dugc 1ay tai Cong ty C6 phan thach cao Dinh Vii. Chung 14 ban san pham
cua qua trinh x1r ly, tai ché, duoc L'?iy truc tiép ngay sau cong doan loc rira, tich nude va séy kho. Ngoai
ra nghién ctru con st dung xi mang Podc lang PC40 Bt Son (XM), meta cao lanh (MK) lam phu gia,
thach cao ty nhién (TN) c¢6 ngudn gbc tir Lao dugc st dung trong nghién ctru d6i ching.

Thanh phan ho4, lwong mat khi nung (MKN) cua nguyén liéu PG, XM, MK, TN dugc thong ké
tai Bang 1. Cac tinh chét co 1y ciia XM va MK duoc thé hién tai Bang 2. Tinh chat cua XM thoa mén
theo yéu cau ciia TCVN 2682-2020 [22]. MK thoa man yéu cau ddi v6i phu gia khoang hoat tinh cao
theo TCVN 8827:2020 [23]. Phu gia siéu déo (PGSD) dugc st dung trong nghién ctru ¢6 tén thuong
pham 1a PCE. Pay 14 loai PGSD dang bot mau tréng, c6 goc polycarboxylate. Nude (N) sir dung trong
nghién ctru 12 nuée may, thda mén cac yéu cau ky thudt cia tiéu chuan TCVN 4506:2012 [24] d6i voi
nudce tron vira va bé tong.

Béng 1. Thanh phan ho4 ciia nguyén vat liéu sir dung trong nghién ciru

Nguyén Ham lugng (%) cac oxyt

vatliéu  Sj0, AlLO; Fe O3 CaO MgO K,O Na,O TiO, P,Os SO; MKN
PG 8,14 081 028 2871 0,13 - - 022 0,79 4082 1927
TN 097 012 0,11 32,12 025 007 - 0,06 - 4436 21,86
XM 22,56 529 347 6321 226 061 0,14 @ - - 1,62 081
MK 5492 40,88 1,74 023 047 041 0,05 - - 028 0,87

Két qua nghién ctru cho thiy PG c6 chira thanh phan twong tu nhu TN, tuy nhién ching c6 ham
lugng Si0; cao hon, trong khi ham luong CaO va SOs lai thép hon so véi TN. Nhu vay so bo vé thanh
phan hoa c6 thé danh gia PG c6 chat lugng kém hon so v6i TN. Hién nay ¢ Viét Nam mdi chi c6 tiéu
chuan vé PG lam phu gia cho xi mang (TCVN 11833:2017 [28]). Trong khi chua c6 tiéu chuan dbi
v6i PG 1am nguyén liéu san xuat tim thach cao. Tuy nhién ddi chiéu voi yéu cau cta Tap doan Saint
- Gobain, dbi v6i thach cao nhan tao sit dung lam tAdm thach cao, thi PG tai Pinh Vii ¢6 ham luong
Flo (F) hoa tan, ham luong P,0s... déu dat yéu cau nhung ham luong SiO» vuot ngudng cho phép,
ham lugng CaSO4.2H,0 tinh theo ham lwong SO3 thip hon yéu cau. Piéu nay anh hudng dén chat
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Béng 2. Tinh chit co 1y cia XM va MK

STT Chi ti€u thi nghiém Ponvi XM MK  Phuong phap thi nghi¢m
1 Khdi lwong riéng glem® 3,07 248 TCVN 4030:2003 [25]
2 - Lugng sot sang 45 pm % - 14,84  TCVN 4030:2003 [25]
3 - DY min Blaine cm?/g 3450 - TCVN 4030:2003 [25]
4 Do déo tiéu chuan % 29,0 - TCVN 6017:2015 [26]
5 - Thoi gian bé}t du dong ké:c Phat 130 -TCVN 6017:2015 [26]

- Thoi gian két thuc dong ket Phut 215
6 DO 6n dinh thé tich (Le Chatelier) ~ mm 2,5 - TCVN 6017:2015 [26]
7 Kich thudce hat trung binh pum 17,52 13,34 Phuong phap lazer
8 - Cuong do nén & tu(f)i 3 ngay MPa 26,7 - TCVN 6016:2011 [27]
- Cuong d6 nén ¢ tudi 28 ngay MPa 47,5
9 Chi s6 hoat tinh véi xi méng % - 105 TCVN 8827:2020 [23]

lwong cua chét két dinh cling nhu kha nang ché tao tAm thach cao. Tuy nhién khi thach cao dugc phéi
hop sir dung cung XM va MK thi nhuoc diém nay co thé duoc giai quyét do SiO, khi d6 dwoc coi
nhu 13 phy gia khoang tro dbi véi xi mang, dong thoi hdn hop XM - MK c6 thé gitp cai thién dang ké
cuong do cua chét két dinh thach cao tir viéc suy giam cuong d¢ do ham lugng CaSO4.2H,0 khong
dat yéu cau.

Céu triic bé mit hat cia PG va TN dugc chup bang kinh hién vi dién tir quét (SEM) v6i d6 phong
dai 1000 1an thé hién tai Hinh 1 va Hinh 2. Kich thu6c hat ciia PG, TN, XM va MK dugc xac dinh
b?lng thiét b tan xa lazer thé hién Hinh 3.

Két qua chup anh SEM cho thdy: PG c6 bé mit xut hién nhiéu vét nut gy, gb ghé, kich thudc
hat 1én hon nhiéu so véi TN. Trong khi TN c6 dang hinh so1i, hinh kim, bé mit nham rap va tich tu voi
nhau thanh céc chum c6 kich ¢ khoang tir 50 pm+100 pm. Diém khac biét ndy ciing c6 thé 1a mot
trong nhitng nhén t6 anh hudng dén tinh chit ciia chat két dinh thach cao trong qua trinh nghién ciru.

Hinh 1. B& mit hat thach cao PG Hinh 2. B& mat hat thach cao TN
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Hinh 3. Sy phan bd kich thude hat vat liéu duoc xac dinh béng may tan xa lazer

Két qua do kich thudc hat cho thiy PG c6 kich thudc trung binh 1 89,48 um, phan 16n tap trung
& ¢& hat tir 100 pm=150 pm, kich thuéc trung binh ctia TN 1a 11,62 pm va da s6 nho hon 20 pm, kich
thudc trung binh ctia XM 1a 17,52 pm va cua MK 1a 13,34 um. Két qua nay hoan toan phu hop véi
két qua chup SEM bé mit hat cuia PG va TN vdi cing d6 phong dai 1000 lan.

2.2. Phwong phdp nghién ciru

Nghién ciru da str dung cac phuong phap thi nghiém tiéu chuin va phi tiéu chuén. Cac phuong
phap thi nghiém duya trén hé thong tiéu chuan ctia Viét Nam gdm cac thi nghiém xéac dinh cac tinh
chat co 1y ciia xi mang (TCVN 4030:2003 [25], TCVN 6017:2015 [26], TCVN 6016:2011 [27]), phu
gia khoang (TCVN 4030:2003 [25], TCVN 8827:2011 [23]), ham luong nudc lién két, ham luong
SO3 cua thach cao (TCVN 8654:2011 [29])... Phuwong phép thi nghiém theo tiéu chuan BS EN 13279-
2:2014 [30] gdm céc thi nghiém xac dinh tinh chat cta hd thach cao, cac tinh chét co 1y ciia thach cao
dong ran... Ngoai ra phuong phap thi nghiém phi tiéu chuan duoc str dung dé xac dinh sy phan b kich
thudc hat cta thach cao, xi mang, phu gia khoang (phuong phép tan xa lazer), phuong phap chup anh
bang kinh hién vi dién tir quét (SEM) dé xac dinh cu triic bé mat hat thach cao, phwong phap nhiét
vi sai trong lugng (DTA/TG) dé xac dinh khoang nhiét d¢ mat nude lién két cua da thach cao.

Theo tiéu chuan BS EN 13279-1:2008 [31], d6 chay cuia hd thach cao duoc coi 1a dat yéu cau khi
¢6 d6 chay xoé dat 150+210 mm. Thoi gian dong két ctia thach cao dugc xac dinh bang phuong phap
dao vach. Pé xac dinh cuong do nén, cudng do udn va hé s6 hoda mém, mau duge duc trong khudén
hinh lang tru c¢6 kich thudc 40 x 40 x 160 mm va duoc thi nghiém & tudi 7 ngay véi diéu kién bao
dudng trong moi truong khong khi ctia phong thi nghiém va mau dugce ngdm trong nude dén trang
thai bio hoa. Hé s& hoa mém ctia miu thach cao duoc xéac dinh béng ty sb gifra cuong d6 nén & trang
thai kho va trang thai bao hoa.

3. Két qua nghién ctru va ban luin
3.1. Ché dj gia cong nhiét d@é ché tao chat két dinh thach cao phospho

Thach cao PG ldy vé tir Cong ty C6 phan thach cao Pinh Vii duéi dang canxi sunphat dihydrat
(CaS04.2H;0). Do vay dé ché tao thanh chat két dinh thach cao dang hemihydrate (CaS04.0,5H,0)
can thiét phai c6 ché do nung phii hop. Nhiét d6 nung va thoi gian nung hop 1y khong nhitng lam ting
hiéu qua phén giai thach cao ma con giup tiét kiém dang ké nang lwong nhiét trong qua trinh nung.

- Thach cao PG ldy vé dugc siy kho & nhiét do 40+50 °C dén khdi lwong khong ddi, dugc dap
bang may Los Angeles. Dung sang 0,09 mm dé sang loai bo cac hat thach cao c6 kich thudc 16n.
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- Thyc hién phan tich nhiét vi sai trong lugng (DTA/TG) nham xé4c dinh dugc khoang nhiét do
mét khéi lwong chii yéu (qua trinh mat nude hod hoc cua da thach cao CaSO4.2H,O thanh chét két
dinh thach cao CaS04.0,5H,0) va mac do mat khoi lugng trong qua trinh gia cong nhiét (Hinh 4).
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Hinh 4. Két qua phan tich DTA/TG mau PG vdi téc do gia nhiét 20 °C/phut

Véi toe d6 gia nhiét 20°C/phit, tir nhiét d6 89 °C dén 220 °C trén duong TG, lugng mat khbi
luong 1 16,64% tuong tmg véi pic thu nhiét & 162 °C trén dwong DTA. Day 1a qua trinh mat nude
lién két cia CaSO4.2H,0 thanh CaS04.0,5H,0. Nhu vay dua vao két qua phan tich DTA/TG c6 thé
lwa chon nhiét d6 nung PG phu hop 1a 160 °C. Bé x4c dinh thoi gian nung hang nhiét, nghién ctru da
tién hanh nung mau thach cao ¢ nhiét do 160 °C trong 1 gid, 2 gio va 3 gio, sau d6 xac dinh luong
mat khéi luong sau khi nung, tir d6 tinh ham lugng thach cao trong mau (Béang 3).

Bang 3. Ham lugng CaSO4.2H,0 trong PG thong qua ham lugng nude lién két

Héng nhiét MAét khi nung Ham luong Ham lugng
(gio) (%) CaS04.2H,0 (%) CaS04.0,5H;0 (%)
1 16,21 77,45 66,74
2 16,83 80,41 67,79
3 16,90 80,75 68,07
Theo DTA/TG 16,64 79,51 67,02

Nhu vay c6 thé thdy thoi gian nung hang nhiét 2 gio va 3 gio khong ¢ su khac biét nhiéu vé
lugng mat khi nung nhung lai c6 su khac biét rd rang vdi thoi gian nung hang nhiét 1 gid. Do d6 nhom
nghién ctru lya chon ché d6 nung PG hop 1y 13 & nhiét 46 160 °C trong 2 gio hang nhiét dé ché tao
PGB.

3.2. Tinh chét cua chdt két dinh thach cao phospho va thach cao ty nhién

Dua vao két qua phan tich ham lugng SO; thé hién tai Bang 4, néu coi toan bd ham luong SO3 1a
thanh phan c6 trong d4 thach cao thi c6 thé tinh duoc ham lugng CaSO4.2H,0 trong mau thach cao.
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Bang 4. Ham lugng CaSQO,4.2H,0 trong PG va TN thong qua ham lugng SO;

Ham luong Ham luong
Chi tiéu danh gié PG ™™N CaSO4.2H20 (%) CaSO4.0,5H20 (%)
PG TN PG TN
Ham Iugng SO3 40,82 44,36 87,76 95,38 73,99 80,41

Két qua phén tich cho thdy ham lwong CaS04.2H,0 tinh toan theo ham lugng SO3 16n hon so
v6i khi tinh toan thong qua lugng nudc lién két bang thi nghiém DTA/TG. Nguyén nhan c6 thé 1a
do khi nung & nhiét d6 160 °C trong 2 gio' chua lam mat hoan toan duoc lwong nudc lién két trong
CaS04.2H,0. Két qua ciing cho thdy ham luong CaSO4.2H,0 trong mau TN 1én hon khé nhiéu so
v6i mau PG. Diéu nay 1a hoan toan pht hop véi Iy thuyét va cac nghién ctru trude day [6, 21].

Két qua thi nghiém luong nude yéu ciu, thoi gian dong két, cuong d6 nén va cuong d6 udn o tudi
7 ngay cta chét két dinh thach cao phospho (PGB) va chat két dinh thach cao tu nhién (TNC) thé hién
o0 Bang 5.

Bang 5. Tong hop tinh chat co 1y cua thach cao

Loai mau Luong nudc Thoi gian dong két Cuong do nén Cuong d6 udn
- yéu cau (%) (phut - gidy) (MPa) (MPa)
PGB 73 5-50 4,24 0,61
TNC 68 4-20 5,38 0,73

Két qua cho thay: TNC c6 luong nudc yéu cau thdp hon PGB trong khi chiing c6 kich thudc hat
nho hon. Piéu nay c6 thé dugc 1y giai 1a do dic tinh cau tric cia PG c6 nhiéu vét nat, giy, bé mat
g0 ghé hon so v6i TN nén chiing 1am gia tang ty dién tich va ndi ma sat bé mit, 1am giam kha ning
linh dong cua hdn hop hd. Bén canh d6, TNC c6 cuong do udn va cuong dé nén cao hon, thoi gian
dong két nhanh hon so v&i PGB. Nguyén nhén la do TNC c6 ham lugong CaS04.0,5H,0 cao hon, kich
thudc hat nhé hon va lugng nudc yéu cau thip hon so véi PGB.

3.3. Ché tao chat két dinh thach cao chiu nuéc, cuong do cao

a. Lya chon ty 1€ nguyén vat li¢u

- Theo tiéu chudn BS EN 13279-1:2008 [31], chit két dinh thach cao 1a chét két dinh co chira it nhat
50% khdi luong 1a Canxi sulfat dong vai tro 13 thanh phan chat két dinh. Do d6 nghién ctru sir dung
thach cao hon hop c6 chira 50%; 60%; 70% va 80% chét két dinh thach cao dang SCaS04.0,5H,0.
Do d6 dé nghién ctru anh huéng cia XM dén tinh chét ciia chat két dinh thach cao hdn hop, nghién
ctru da st dung lugng XM tuong tng s€ 1a 50%; 40%; 30% va 20%.

-Pé nghién ctru anh hudng cia MK dén tinh cht cua thach cao, MK duoc st dung chiém 5%,
10% va 15% trong hé chét két dinh thach cao - meta cao lanh.

b. Quy trinh ché tao va thi nghiém mau

Quy trinh ché tao mau va thyc hién cac thi nghiém dugc thé hién tai Hinh 5 (voi mau khong st
dung PGSD) va Hinh 6 (vi miu sir dung PGSD dang bot).
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PGB + Xi mang + N Trdn bot kho | Tron bot + Nude
Phu gia khoang 7 (3 phut) e (1 phut)

.

Xiac din}} thg‘yi gian | X/d hém lugng PGSD
dong két bang dao | bang do chay xoé

Xac dinh cuong do,
hé s6 hoa mém...

Hinh 5. Quy trinh ché tao va thi nghiém ho chat két dinh thach cao

PGSD + Phu gia Nuéce
khoang (N/CKD=0,3)
. Tron bot kho | Tron bot + Nude
PGB + X1 mang > (3 pht) > (1 phut)
Xdc dinh cudng do, hé Xdc dinh thoi gian | X/d ham luong PGSD
s6 hoa mém... dbng két N bang d6 chay xoé

Hinh 6. Quy trinh ché tao va thi nghiém chét két dinh thach cao sir dung PGSD

¢. Vai trd ciia MK va XM d6i v6i chét két dinh thach cao hon hop

Trén co so cac ty 1¢ nguyén vat li€u lga chon, thiét lap cac cép phéi nham danh gia vai tro anh
hudng cua MK va XM dén cac tinh chat ciia ho chat két dinh thach cao va mau da thach cao sau khi
ran chac. Cac cap phdi st dung va két qua nghién ctru duoc thé hién tai Bang 6, Hinh 7 va Hinh 8.

Béng 6. Cap phdi va két qua nghién ctru vai trd anh huong ciia MK va XM dén tinh chét
ctia chat két dinh thach cao hdn hop

Luong  Thoi gian Cuong d6 (MPa)

Ki PGB XM MK  nudc dong Nén¢  Ubnd  Nénos  Hesod

hieu (%) (%) (%) yeucau ket trang thai trang thai trangthai  hoa

(%)  (phut-gidy)  kho kho baohda mém

1 CP1 100 0 0 73 5-50 4,24 0,61 1,57 0,37
2 CP2 95 0 5 70 6-30 4,66 0,59 1,82 0,39
3 CP3 9 0 10 69 7-40 4,81 0,66 2,02 0,42
4 CP4 8 0 15 66 8-10 4,83 0,71 1,98 0,41
5 CP5 8 20 0 70 7-20 6,52 0,96 4,24 0,65
6 CP6 70 30 0 68 8-10 8,13 1,15 5,85 0,72
7 CP7T 60 40 0 65 9-30 11,4 1,56 8,78 0,77
8 CP8 50 50 0 62 11-10 12,7 1,67 10,3 0,81

Két qua nghién ctru cho théy:

MK lam giam lugng nudc yéu cau, ting thoi gian dong két cuia hd PGB, dong thoi lam ting khong
dang Kké cuong d6 nén, cuong do udn va hé s6 hoa mém cua thach cao. Cu thé khi str dung 10% MK
thi cuong d nén ting khoang 14% so véi mau khong sir dung MK va gan nhu khong tiang khi lwong
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Hinh 7. Vai trd ciia MK va XM déi véi luong nude yéu cau va thoi gian dong két cia PGB
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Hinh 8. Vai trd ciia MK va XM ddi voi cuong d6 va hé sb hoa mém ciia PGB

MK sir dung 1én dén 15%. Piéu nay c6 thé dugc 1y giai 1a do MK c¢6 kich thudc hat nho hon déng ké
$0 v6i PG nén ¢ thé sé& co su bd sung va s:flp xép lai cép phéi hat, tir &6 1am ting mat do, dan dén viéc
lam tdng cuong do cua da thach cao. Nhu vay co thé khéng dinh MK khoéng c6 vai tro hodc thé hién
vai tro khong dang ké cua phu gia khoang hoat tinh v6i chat két dinh thach cao. Bén canh d6 két qua
ciing cho thiy cac mau c¢6 hé s6 hoa mém nho hon 0,75 nén chung khong ¢ kha niang chiu nude.

Str dung XM trong thanh phan chat két dinh thach cao hén hop lam giam dang ké lugng nudc yéu
cAu, tang thoi gian dong két, dac biét 1am cho cuong do nén, cuong do udn va hé sb hoa mém cua
cac mau tiang rat 16n. Cu thé cudng d6 nén & trang thai kho cua mau da thach cao hdn hop ting tir
50+200% tuong tmg véi lwgng XM thay thé thach cao tir 20+50%. Hé s6 hoa mém ciia cac mau déu
tang 1&n 10 rét, dac bict mau da thach cao hon hop c6 kha nang chiu nudc khi ham lwgng XM str dung
thay thé thach cao tir 40+50% (hé s6 hoa mém 16n hon 0,75). Két qua nghién ctru ¢ thé duoc 1y giai
1a do lwong nudc yéu cau ciia XM rat thap, (tir 24-32%) [32] 1am cho lugng nudc yéu cau ctia hdn
hop chat két dinh thach cao giam xubng, dong thoi thoi gian dong két ciia XM ciing 16n hon nhiéu so
v6i thoi gian dong két ctia chat két dinh thach cao vi vy khi ting ham lugng ciia XM trong hé chat
két dinh thach cao hdn hop thi thoi gian dong két cuia n6 tang 1én. Dong thdi hdn hop chat két dinh
thach cao - xi ming s& tao ra tac dung twong hd lam chiing vira c6 tinh chét ciia chét két dinh thach
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cao 1a ran chac nhanh vira c6 tinh chat cia XM 1a bén nudc. Két qua nghién ctru tuong dbi pht hop
v6i nhitng gia thiét khoa hoc ma nghién ciru di dua ra.

St dung 20% va 30% XM thay thé thach cao cho cudng do nén, cuong do udn ciia mau da thach
cao hdn hop thap hon déng ké so véi khi sir dung ham luong XM thay thé thach cao 1a 40% va 50%,
ddng thoi miu khong c6 kha ning chiu nude. Tuy nhién véi lugng ding XM thay thé 50% thach cao
cho cuong do nén, cuong do udn va hé sb hoa mém cua mau da thach cao hdn hop cao hon khong
nhiéu so v&i khi sir dung 40% XM, trong khi hiéu qua kinh té, moi truong... mang lai tir viéc st dung
ham luong 16n PG lai khong cao. Mit khac mau dé thach cao hdn hop sir dung 40% va 50% XM déu
¢6 kha ning chiu nudc. Tir nhitng phan tich d6 nghién ctru da sir dung téng ham luong cia XM va
MK thay thé 40% thach cao theo khéi lwong dé nghién ctru anh hudng ctia hdn hop XM va MK dén
tinh chét ctia chat két dinh thach cao hdn hop. Ham lugng MK st dung trong nghién ciru chiém 0%,
5%, 10% va 15% so v6i tong khdi lugng ciia XM va MK. Céc cap phdi va két qua nghién ciru duoc
thé hién tai Bang 7, Hinh 9 va Hinh 10.

Bang 7. Cap phdi va két qua nghién ctru vai tro ciia hdn hgp MK va XM dén tinh chét
ctia chat két dinh thach cao hdn hop

Luong  Thoi gian Cuong d6 (MPa)
Ki PGB XM MK nudc dong Nén & Ubn & Néng  Hé sd
TT A o o o Al A A . . .
higu (%) (%) (%) yéucau ket trang thai trang thai trang thai hoa
(%)  (phut-gidy)  kho kho bdohoa mém
1 CP1 100 O 0 73 5-50 4,24 0,61 1,57 0,37
2 CP7 60 40 0 65 9-30 11,4 1,56 8,78 0,77
3 CP9 60 38 2 67 12-10 12,7 1,85 10,2 0,80
4 CPI10 60 36 4 68 12-50 13,1 2,26 10,7 0,82
5 CP11 60 34 6 70 14-20 13,6 2,31 11,3 0,83
76 7 %PGB+%XM%MK | 16

e 74 SIS S 14

2 72 - o 70 12 f?

° 70 =

B s L . 68 10 2

o 64 : 6 g

S:‘_ -4 F

X 5

= 60 2 F

58 100PGB 60PGB40XM 60PGB38XM2MK  60PGB36XM4MK  60PGB34XM6MK ) 0
_ Céap phbi )
1 Luong nudc yéu cau --0-- Thoi gian dong ket

Hinh 9. Vai trd ctia hdn hgp MK va XM ddi v6i lugng nudce yéu cau va thoi gian dong két cia PGB

Két qua nghién ctru cho thay:

XM va MK déu 1am giam lwong nude yéu cau cua chit két dinh thach cao hdn hop, tuy nhién mtrc
giam ctia MK thap hon so véi XM. Str dung ham lugng gdm 40%(XM+MK), trong d6 MK/(XM+MK)
chiém 0+15% lam tang thoi gian dong két so v6i mau str dung 100% thach cao. Nguyén nhan 1a do
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Hinh 10. Vai tro ctia hdn hop MK va XM dbi vei cuong do va hé s6 hoa mém cua PGB

ban than XM va MK déu lam ting thoi gian dong két ciia cht két dinh thach cao hdn hop nén hdn hop
clia chung ciing 1am ting thoi gian dong két. Bén canh d6 chung con lam ting cuong d6 nén ciia mau
da thach cao hon hop ¢ trang thai kho tir 10+20% so véi mau str dung 40%XM+60%PGB va ting tir
195+220% so v6i mau sir dung 100%PGB. Diéu nay dugc 1y giai 1a ngoai nguyén nhéan ting cudng
d6 do tuong tac vat Iy cia MK véi thach cao, tac dung tuong hd giita XM véi PGB thi con ¢ vai tro
phu gia khoang hoat tinh cia MK véi XM. Str dung 40%(XM+MK) con 1am ting hé s6 hoa mém so
v6i viée chi sir dung 40%XM (tir 0,77 1én 0,83). Pic biét hé s6 hoa mém ting rat manh so v6i miu
sir dung 100%PGB (tir 0,37 1én 0,83). Diéu nay da gitip cho miu da thach cao c6 kha ning chiu nudc.
Nguyén nhén 14 do tic dung twong hd ciia XM va thach cao di 1am ting hé s hoa mém, ddng thoi véi
vai tro la phu gia khoang hoat tinh, MK da cai thién cAu tric ciia d& XM va da thach cao, giam néng
d6 CH tir d6 1am ting do bén cho d4 thach cao.

d. Vai tro cta phu gia siéu déo di v6i chat két dinh thach cao hdn hop

Két qua nghién ctru théng ké tai Bang 7 cho thay: CP10 ¢6 thanh phan gdm 60% PGB, 36%XM va
4%MK cho cudng do nén, cuong d6 ubn va hé sé hoa mém gan twong duong voi CP11 gdbm 60%PGB,
34%XM va 6%MK nhung lai c6 lwong dung MK thap hon. Do d6 CP10 dugc lya chon dé thuc hién
nghién ctru nay.

Pé cai thién do dac chéc, tir d6 nang cao cuong do va hé s6 hoa mém cho da thach cao, nghién
ctru sir dung PGSD & ha ty 16 N/CKD nhao tron trong khi van dam bao do chay xoé cua ho. Ty 1&
N/CKD = 0,3 dugc Iya chon st dung. TNC duoc ding dé dbi ching. Két qua nghién ciru thé hién &
Béang 8, Hinh 11, Hinh 12.

Két qua nghién ctru cho thay:

Stt dung PGSD nham giam ty 1€ N/CKD = 0,3 lam tdng manh cuong d6 va hé s6 hoda mém cua
da thach cao. Cu thé so v6i mau sir dung 100%PGB thi mau sir dung gom 36%XM+4%MK thay thé
thach cao lam tang cudong do thém 270%, hé s6 hoa mém tang thém 0,37.

Hdn hop chit két dinh sir dung TNC can lwong PGSD it hon khoang 7% so véi hdn hop sir dung
PGB va tuong duong véi mau sir dung 100%PGB. Két qua nay c6 quy luat kha phu hop voi két qua
thi nghiém lwong nudce yéu cau ciia TNC va PGB. PGSD c6 xu hudng kéo hon thoi gian dong két cia
hé chét két dinh.
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Bang 8. Cip phéi va két qua nghién ctru PGB chiu nuéc, cudng do cao

Cuong do nén ¢ trang thai kho

--0 - Hé s6 hoda mém

O Cuong do nén ¢ trang thai bdo hoa

Hinh 12. Vai trd cia PGSD ddi voi cuong d6 va hé s hoa mém cua PGB

Ty Thoi gian Cuong d6 (MPa)
Ki PGB XM MK . PGSD  dong Nén¢  Ubno  Néno Hesd
hieu (%) (%) (%) N/CKD (%) keét trang thai trang thai trangthai hoa
(phut-gidy)  kho khé ~ biohoa mém
1 CP1 100 O 0 0,3 0,30 8-50 8,92 1,41 4,73 0,53
2 CPI0 60 36 4 0,3 0,32 15-10 33,16 5,21 29,84 0,90
3 CPl1l 60 36 4 0,3 0,30 12-50 40,08 5,92 36,87 0,92
20 0.35
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Hinh 11. Vai tro cuia PGSD d6i voi thoi gian dong két cua PGB
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Mau da str dung PGB ¢6 cudng d¢ nén thap hon mau sir dung TNC khoang 20% va cao hon rat

nhiéu so véi mau sir dung 100%PGB (khoang 70%). Mau sir dung PGB c6 hé s6 hoa mém thip hon
chut it so v6i mau st dung TNC (0,90 va 0,92) nhung cao hon rat nhiéu so voi mau sir dung 100%PGB
(0 53). Nhu’ vay Vlec sir dung PGSD d¢é ha lugng dung N/CKD di cai thién dang ké cuong do nén va hé
s6 hoa mém ciia mau d4 thach cao. Mau da thach cao hdn hop sir dung 60%PGB 36%XM va 4%MK
ché tao co cuong do cao, dong thoi ¢6 kha nang chiu nudc tdt, trong khi mau sir dung 100%PGB
khong c6 kha nang chiu nuéc.
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4. Két luan

- Qué trinh nung PG thanh chét két dinh thach cao dang SCaS04.0,5H,0 duoc xac dinh 1a phu
hop va hiéu qua & nhiét d6 160 °C va hang nhiét trong 2 gio.

- Hoan toan c6 thé ché tao dugc chat két dinh thach cao hdn hop c6 kha ning chiu nude, cudng do
cao tir hdn hgp gdm PGB - XM - MK va PGSD. Ty 1¢ thanh phan ciia chat két dinh thach cao hdn hop
gdm 60%PGB, 36%XM va 4%MK duoc coi 1a hop 1y. Mau d4 thach cao hdn hop ché tao ¢6 cuong
d0 nén dat dén 33,16 MPa, h¢ s hoa mém dat 0,90.

- Str dung MK lam ting khong nhiéu cudng do (khoang 10+15%) va hé s6 hoa mém (khoang
0,02+0,05) ciia PGB. Tuy nhién XM va hdn hgp XM-MK lam ting rd rét cuong d6 nén (c6 thé dén
200+22%) va hé sb hoa mém (khoang 0,38+0,45) ctia mau d4 thach cao hdn hop, dic biét 1a khi sir
dung thém PGSD c6 thé 1am cudng d6 va hé s6 hoa mém ting manh.

- Cudng d6 nén & tudi 7 ngay ciia mau da thach cao hdn hop chira PGB thap hon khoang 20%, hé
s6 hod mém thap hon khong dang ké so v6i mau da thach cao hdn hop chwa TNC.
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