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Toém tat: Swrsuy gidm ngudn cét tw nhién phuc vu
xay dung va lwong ba thai thach cao phospho phat
sinh ngay cang lén tir cac nha may sén xuét phan
bén dang dét ra yéu céu cép thiét vé cac gidi phap tai
sty dung chét thai theo dinh huéng kinh té tudn hoan.
Nghién ctru nay danh gia kha nang str dung ba thai
thach cao phospho tai Nha may san xuét phan bon
Diamoni Photphat (DAP) Pinh Vi - Hai Phong dé
thay thé mot phéan cat tw nhién trong ché tao vira khd
trén sdn. Tam cép phdi vira duwoc ché tao véi cac ty
Ié thay thé cat khac nhau nham dénh gia dnh hudéng
cta ham lwrong ba thai thach cao phospho dén dé luu
dong cda hdn hop, khéi lrong thé tich, cuong dé chiu
nén va cuong dé chju kéo khi udn cda san phdm. Két
qud nghién ctu cho thdy khi tdng ham luong ba thai
thach cao phospho, dé luvu déng va khéi lwong thé
tich cda vira gidm dan do kich thuéc hat min va dién
tich bé mét riéng I6m cua vét liéu. Péng thoi, cuong
do chiju nén va cuong do chiu kéo khi uén ciing giam
theo ty 16 thay thé cat do s suy gidm cda hé cét liéu
chju lyc. M&u déi ching dat cuong dé chju nén 28
ngay la 10,85 MPa, trong khi m4u thay thé hoan toan
cat dat 4,70 MPa. Tuy nhién, cac cép phdi st dung
ham lwong ba thai thach cao phospho & muc thép
van dap img yéu cdu déi véi vira xay dung thdng
thuong, dong thoi gop phén tan dung hiéu qua chat
thai cong nghiép, giam khai thac cat ty nhién va thac
déy phét trién vét liéu xay dung xanh theo dinh
huwéng kinh té tudn hoan.

T khéa: Vira kho tron sdn; ba thdi thach cao
phospho; phé thai cong nghiép; cét tw nhién; kinh té
tudn hoan.

Abstract: The depletion of natural sand resources
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for construction and the increasing generation of
phosphogypsum from fertilizer plants create an
urgent need for waste reuse solutions aligned with
the circular economy. This study evaluates the
feasibility of using phosphogypsum waste from the
Dinh Vu Diammonium Phosphate (DAP) fertilizer
plant in Hai Phong as a partial replacement for
natural sand in the production of ready-mixed dry
mortar. Eight mortar mixes were prepared with
varying sand replacement ratios to assess the impact
of phosphogypsum content on the mixture's
flowability, bulk density, compressive strength, and
flexural strength. Research results indicate that as
the phosphogypsum content increases, the fluidity
and bulk density of the mortar gradually decrease
due to the material's fine particle size and large
specific  surface Concurrently,  both
compressive and flexural strengths decline in
proportion to the sand replacement level, owing to the
weakening of the load-bearing aggregate system.
The control sample achieved a 28-day compressive
strength of 10.85 MPa, whereas the sample with
complete sand replacement reached 4.70 MPa.
Nevertheless, mixtures with low phosphogypsum
content still meet the requirements for standard
construction mortar, effectively utilizing
industrial waste, reducing natural sand extraction,
and promoting the development of green
construction materials in line with circular economy
principles.
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1. M& dau

Trong nhirng n&m gan day, cung v&i qua trinh do
thi hda va phat trién ha tAng, nhu cau st dung cat tw
nhién cho nganh Xay dwng tai Viét Nam khéng
ngrng gia tang. Viéc khai thac cat qua muc trong thoi
gian dai da lam suy gidm ngudn tai nguyén, gay sat
I& b&r séng, thay dbi dong chady va anh hwéng tiéu
cwc dén méi trwong sinh thai [1]. Trwéc thuc trang
do, viéc nghién ctru cac ngudn vat liéu thay thé cat
tw nhién trong san xuat vat liéu xay dwng dang tr&
thanh mét trong nhirng giai phap quan trong nham
tiét kiém tai nguyén, gidm tac dong méi trudng va
hwong téi phat trién bén vikng [2, 3].

Bén canh &p lwc vé ngudn cbt liéu tw nhién, nganh
céng nghiép san xuét phan bon ciing phat sinh mot
lwong I6n  ba thai thach cao phospho
(phosphogypsum). Day Ia san pham phu hinh thanh
trong qua trinh san xuét axit photphoric t quang
apatit bang phwong phap wét, véi thanh phan cha
yéu 1a canxi sunfat ngdm hai phan t& nuéc
(CaS0,-2H,0)[4, 5]. Tai Viét Nam, nha may san xuét
phan bén DAP Dinh Vi (Hai Phong) la mét trong
nhitng co s& phat sinh lwong
phosphogypsum, wéc tinh dat khoang 600.000 tan
mdi nam [6].

I6n ba thai

Viéc Iwu chira lau dai khong chi lam gia tdng nhu
cau dién tich bai thai, chi phi quan ly ma con tiém an
nguy co anh hwdng dén méi trwong néu khéng cod
gidi phap tai st dung phu hop. Trong béi canh thuc
day phat trién kinh té tudn hoan va tang cuong tai
ché chét thai cong nghiép, viéc nghién clru rng dung
ba thai thach cao phospho trong linh vuwc san xuét vat
liéu xay dwng cd y nghia khoa hoc va thyc tién [7, 8.

Trong nhitng nd3m gan day, nhiéu nwéc trén thé
gi¢i da nghién ctru st dung ba thai thach cao
phospho trong nhiéu linh virc nhw san xuét xi mang,
phu gia khoang, vat liéu nén, méng dwéorng va mot s
loai vat liéu xay dwng khac [9, 10, 11]. Tuy nhién, cac

nghién ctu vé& str dung ba thai thach cao phospho
lam vat liéu thay thé mét phan cét liéu min trong ché
tao vira kho trédn san van con han ché, dic biét dbi
v&i ngudn ba thai phat sinh t» Nha may san xuéat
phan bon DAP Dinh V. Trong khi dod, vira kho trén
san la loai vat liéu c6 nhiéu wu diém nhw chat lwong
on dinh, thi cong thuan tién, gidm hao hut nguyén vat
liéu va phu hgp v&i xu hwéng cdng nghiép héa trong
xay dwng [12, 13, 14]. Viéc tan dung ba thai thach
cao phospho thay thé mét phan céat tw nhién khéng
chi gép phan gidm ap lwc khai thac tai nguyén ma
con mé rong kha nang tai s dung chat thai céng
nghiép, nang cao hiéu quéa s dung tai nguyén theo
dinh huéng kinh té tuan hoan [15, 16].

Xuét phat tr nhirng yéu cau trén, nghién ctu nay
tién hanh danh gia kha nang s dung ba thai thach
cao phospho tlr Nha may san xuéat phan bon Diamoni
Photphat (DAP) Dinh Vi, dé thay thé mot phan cat
tw nhién trong ché tao viva kho tron sén. Cac cap phoi
véi ty 1& thay thé cat khac nhau dwoc thiét ké nham
danh gid anh hwdng clia ham lwong ba thai thach
cao phospho dén dd lwu dong, khdi lwong thé tich,
cwdng dd chju nén va cwdng doé chiu kéo khi ubn cta
vira. Két qua nghién ctru gép phan cung cap cho viéc
tai str dung ba thai thach cao phospho trong san xuét
vat liéu xay dwng, gidm lwong chét thai phai lwu
chira, tiét kiém tai nguyén céat tw nhién va thic day
phat trién vat liéu xay dwng xanh theo dinh huéng
kinh té tuan hoan.

2. Vat liéu va phwong phap nghién ctru
2.1 Véat liéu str dung
a) Chét két dinh

Chét két dinh 1a xi mang Portland hén hop PCB40
Hoang Thach, dap &ng yéu cau k¥ thuat theo TCVN
6260:2020. C4c tinh chat co ly ciia xi mang Portland
hén hop PCB40 Hoang Thach dworc gi¢i thiéu trong
Bang 1.

Bang 1. Tinh chét co ly cta xi méng Portland hén hop PCB40 Hoang Thach

Lwong sét trén

Théi gian déng két (phat)

Cudng dd nén (MPa)

Khéi lvong N Ty dién bé Do déo tiéu
A Jom? sang NO,09 n 2 . 1 . i huan (%
riéng (g/cm”) (%) mat (cm?/9)| 4t dau dong két [Két thic dong két| 3 ngay 28 ngay | chuan (%)
3,10 3,0 3650 11045 2205 22,5 471 29,5

b) Cat mjn twr nhién

Cat min tw nhién dwoc st dung lam cét liéu min
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trong san pham vira khé tron sén. Truwéc khi ché tao
mau, cat min tw nhién dwoc siy khd va sang phan
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loai nham loai bd tap chat, ddm bado dd sach va sw
dong déu vé thanh phan hat. Cat c6 mau xam den
dac trwng, kich thwdc hat tr 0,14+1,25 mm; md dun
dd 1én Ma = 1,43; khéi lwong riéng khoang 2,65 g/cm?3
va khéi lwong thé tich x6p tw nhién khodng 1650

kg/m3. Trong nghién ctru nay, cat min c vai tro 1a cbt
liéu, tao nén bd khung chiu lwc cda vira, gép phan
nang cao cwédng dod co hoc, gidm bién dang co ngét
va tdng d6 6n dinh thé tich cda vat liéu sau khi dong
ran.

Hinh 2. Cat min tw nhién

Thanh phan hat cGa cat min dwoc xac dinh va thé hién trong Bang 2.

Bang 2. Thanh phén hat ciia cat min st dung cho nghién ciu

Puong kinh métsang | 50mm | 25mm | 1,25mm | 630um | 315um | 140 um <ulrﬁo Ml‘gﬂ“'\’/‘lfo
Lwong sot sang tich luy
theo thi nghiém (%) 0 0 0,08 6,25 40,33 96,01 3,99 1,43

c) B4 thai thach cao phospho cda Nha may sén xuét
phan bén Diamoni Photphat (DAP) Binh Vi
B& thai thach cao phospho DAP — Binh Vi s

dung trong nghién ctru dwoc 1y tir bai lwu chira cla
Nha may san xuat DAP — Dinh Vi [10]. Pay la san

phdm phu phat sinh trong quéa trinh san xuét axit
photphoric tr quéng apatit bang phwong phap wot,
v&i thanh phan chinh 1a canxi sunfat ngam hai phan
t¢ nwoc (CaS0,-2H,0), ngoai ra con chira mot
lwong nhd tap chét nhw: P20s, photphat, florua va
cac oxit kim loai (Bang 3).

Bang 3. Tinh chét vat Iy cda ba thai thach cao DAP - Binh Vi

STT Chi tiéu ky thuat thi nghiém Bon vij tinh | Két qua thi nghiém

I CAc tinh chat vat ly

1 Lwong hat lot qua sang 0,075mm % 85,2

2 Khéi lwgng riéng g/lcm?3 2,35

3 Khéi lwgng thé tich tw nhién (& trang thai kho) kg/m3 1050

4 Do pH trung binh - 6,8

5 Chi sé hoat d phéng xa an toan - 0,31

6 Do &m trung binh % 17,2

I Thanh phan héa hoc

1 Ham lwgng CaS04-2H20 % 66,4

2 P20s hoa tan % 0,08

3 P20s tong % 0,37

4 SOs3 % 14,73

5 CaO % 9,56

6 SiO2 % 8,43

7 F-hoatan % 0,015

8 F- tbng % 0,51
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Nguyén liéu thd sau khi nghién, hoa tach va loc
tach chan khéng sé thu dwoc phan rén (thach cao
phospho) va phan 16ng (dung dich c6 tinh axit). Phan
rén duoc bd sung CaO (vdi sdng) ngay trwéc khi ra
san phdm nhdm trung hoa lwong axit dw con bam
trén bé mat hat thach cao, dwa pH lén mdc trung tinh
véi gia tri pH = 6,8.

Mat khac, véi 87,5% lwong hat lot sang 0075, ba
thai thach cao phospho khéng dong vai tro la khung
chiu lwc chinh nhw cat thdé, ma déng vai tro la "cdt liéu

siéu min" 1p day céac 16 réng gitra cac hat cat va xi
mang, gilp cai thién do d&c chéc, tdng kha nang
chdng thdm va cai thién mot phan cwdng dd cho san
pham vira kho tron sén.

Ba thai thach cao phospho tai kho chtya ctia nha
may c6 dd 4m trung binh 17,2%. Trwéc khi st dung,
thach cao phospho dwoc sdy khdé dén khéi lwong
khong déi va nghién min nham tang kha nang phan
tan, dam bao dd ddng déu trong hén hop vira.

Hinh 3. Ba thai thach cao phospho DAP — Dinh Vi

d) Phu gia Admix Pro tdng déo va gilr nwéc

Trong nghién ctru, phu gia Admix Pro dwgc st
dung véi ham lvgng 0,08% khéi lwong hén hop viva
khé nhdm dam bao dd déo va dd 6n dinh tinh cong
tac ciia hén hop vira theo yéu cau ky thuat.

e) Nuwéc sach

Nwaéc st dung trén méau trong nghién clru nay l1a
nwdc may sinh hoat thod méan yéu cau ky thuat cia
TCVN 4506:2012 - “Nwoc troén cho bé tong va viva -
Yéu cau k¥ thuat”.

2.2 Phwong phap thi nghiém s dung

Nghién cru da s dung cAc tiéu chuan thi nghiém
nhw sau:

- Do lwu dong cla hdn hop viva kho tron san st
dung ba thai thach cao phospho dwgc xac dinh theo
TCVN 3121-3:2022;

- Thoi gian bét dau dong két cta hén hop viva sau
khi nhao tron dwoc xac dinh theo TCVN 3121-
8:2022;

- Khéi lwong thé tich cta vira sau déng rén dwoc
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xac dinh theo TCVN 3121-10:2022;

- Cudng dd chiu nén va cwdng dé chiu ubn cda
mau vira da déng ran & tudi 28 ngay duoc xac dinh
theo TCVN 3121-11:2022.

2.3 Thiét ké thanh phan cap phéi

Thanh phan cép phéi ctia cac mau vira dwoc thiét
ké theo nguyén tac thay thé tirng phan cét ty nhién
bang ba thai thach cao phospho nham danh gia anh
hwéng cla vat liéu tai ché dén cac tinh chat cong tac
va co hoc cla vira kho trén sdn. Viéc thay thé céat
béng ba thai thach cao phospho khéng chi gép phan
tai st dung chat thai cong nghiép ca Nha may DAP
— Dinh Vi ma con hwéng t¢i gidm khai thac cat tw
nhién va thuc day phat trién vat liéu xay dwng theo
dinh hwéng kinh té tudn hoan. Céc thanh phan cép
phéi vat liéu dwoc lwa chon trén co s& dam bao hén
hop vira xay va vira trat hoan thién thédng thwong cé
cac yéu cau sau:

i) Tinh cong tac tét véi dd lwu déng muc tiéu trong
khoang 170-205 mm;
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i) Thoi gian bat dau dong két trén 150 pht;
iii) Gia tri cwdng d6 nén trung binh & tudi 28 ngay trén
7,50 MPa dap tng yéu ciu viva xay dwng mac M7,5.
Séan pham viva kho dap (ng yéu cau ky thuat theo
TCVN 4314:2022 “Viva xay dwng - Yéu cau ky thuat” [17].
Trong nghién clru nay, ham Ilwgng xi mang
Portland PCB40 Hoang Thach dwoc st dung la 25%
trong ca 08 mau vira kho tron sén. Ham lwong ba thai
thach cao phospho dwoc st dung dé thay thé tr 0%,

10%, 20%, 30%, 40%, 50%, 60% dén 75% khbi
lwong cat min tw nhién nham danh gia anh huwéng
ctia ba thai thach cao phospho dén tinh chat hén hop
va cwong do cua vira sau dong ran. Nhu vay, véi
mau chlra 75% ba thai thach cao da thay thé hoan
toan cat min ty nhién. Ty Ié nwéc trén xi mang dwoc
lwa chon béng 0,8 nhdm dam bao dd Iwu dong cua
hén hop vira pht hop cho qué trinh thi céng thuce té.
Thanh phan cap phédi cac mau thi nghiém dwoc trinh
bay trong Bang 4.

Bang 4. Thanh phan cép phéi vét liéu trong 1000 kg sdn phdm viva khé

st [KY hiéu mau vira BéC i‘éﬁﬁiﬁ&;ﬁhﬁ rong nahien CL'P%hu ia Admix Pro Nuoe (lit
thinghiém | Ximang (kg) | = = Ho%) 7 | cat min (ko) 49 ka)
1 ID_01 250 0 750 0.8 200
2 ID_02 250 100 650 0.8 200
3 ID_03 250 200 550 0.8 200
4 ID_04 250 300 450 0.8 200
5 ID_05 250 400 350 0.8 200
6 ID_06 250 500 250 0.8 200
7 ID_07 250 600 150 0.8 200
8 ID_08 250 750 0 0.8 200

3. Két qua va thao luan

Cac mau vira dugc thwe hién thi nghiém theo
diéu kién tieu chuén trong phong thi nghiém. Cac tinh
chét cta hén hop viva & trang thai déo dwoc trinh

bay trén Hinh 3.

CAc mau vira hinh I&ng tru tiéu chuén kich thuwéc
40x40x160 mm da dworc tao hinh va bdo dwéng trong
méi trueng nwée dén cac tudi thi nghiém (Hinh 5).

Hinh 5. Cac mau vita hinh l&ng tru 40x40x160 mm trong thi nghiém
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Cac mau vira sau khi ché tao dwoc bao
dwéng trong diéu kién tiéu chuén va tién hanh
xac dinh céac chi tiéu co ly theo cac phwong

phéap thi nghiém twong &ng. K&t qua thi nghiém
dwoc téng hop va trinh bay trong Bang 5, Bang
6.

Bang 5. M6t sé tinh chét véat ly cda mu vira thi nghiém

Ky hiéu miu virva 0 o .. | Do lwu ddng cia hén hop Khéi lwgng thé tich cua
STT N o Thei gian bat dau (phut) ; " ; vira sau khi ctepng ran

thi nghiém vira (mm) 3

(kg/m?)
1 ID_01 185 205 2125
2 ID_02 180 194 2118
3 ID_03 172 192 2110
4 ID_04 165 185 2098
5 ID_05 155 176 2085
6 ID_06 148 160 2072
7 ID_07 140 150 2060
8 ID_08 125 145 2050

Bang 6. Cuong dé chju nén va cuong dé chiu kéo khi ubn ctia cac mau vira thi nghiém

o Cwong do chiu nén (MPa) & tudi: Cwérng dd chiu kéo
sTT | Ky Bigumau khi uén (MPa) &
e 3 ngay 7 ngay 14 ngay 28 ngay tubi 28 ngay
1 ID_01 3,64+0,102 5,750,150 9,12+0,219 10,850,241 2,350,047
2 ID_02 3,12+0,087 5,44+0,141 8,66+0,209 10,15+0,224 2,17+0,043
3 ID_03 2,750,077 4,750,124 8,15+0,195 9,70+0,215 2,02+0,040
4 ID_04 2,63+0,074 4,25+0,112 7,310,176 8,64+0,191 1,89+0,038
5 ID_05 2,58+0,073 3,88+0,103 6,75+0,164 7,880,174 1,75+0,035
6 ID_06 2,50+0,071 3,80+0,099 5,61+0,137 6,55+0,145 1,44+0,029
7 ID_07 2,06+0,059 3,11+0,082 4,54+0,108 5,36+0,119 1,28+0,026
8 ID_08 1,90 0,054 2,50+0,067 4,05+0,098 4,700,104 1,17+0,023

Két qua thi nghiém trong Bang 5 va Bang 6 cho
thay khi tang ty |& thay thé cét tw nhién bang ba thai
thach cao phospho, cac chi tiéu k§ thuat cta vira khd
trén sén déu cé xu hwéng gidm, bao gdm thdi gian
bat dau dong két, dd lwu déng cta hén hop, khdi
lwong thé tich sau déng ran, cuwdéng dod chiu nén va
cwdng dd chiu kéo khi uén.

3.1 Anh hwéng ham lwong ba thai thach cao
phospho dén tinh céng tac cda hén hop vira

Theo sb liéu trong Bang 5 cho thdy d6 lwu déng
ctia hén hop viva gidam dan khi tang ham lwong ba
thai thach cao phospho thay thé céat tw nhién. Mau
déi chirng (ID_01) dat d6 lwu ddng Ién nhét 1a 205
mm. Khi ty |& ba thai thach cao phospho thay thé tang
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tr 10% lén 75%, do lwu ddng gidm dan tlr 194 mm
xudng con 145 mm, twong tng gidm khoang 29,3%
so v&i mau doi chirng. DBac biét, khi ham lwgng thay
thé vwot qua 50%, dd lwu déng gidm nhanh hon,
phan anh sw suy giam tinh céng tac cta hén hop
vira. Hién twong nay cé thé dwoc giai thich béi ba
thai thach cao phospho c6 kich thwéc hat nhé va dién
tich b& mat riéng 1&n hon cat tw nhién, lam téng nhu
cau nwéc cta hén hop. Trong diéu kién lwong nwéc
trén khong ddi, lwong nwéc tw do gidm, déng thoi sw
gia tdng ham lwong hat min c6 thé lam tang ma sat
gitra cac hat vat liéu, dan dén do lwu dong giam khi
ty 1& thay thé tang. Két qua nghién ctru nay twong tw
nhw trong moét sé nghién cu trwde day & Viét Nam
[2] va trén thé gidi [13, 14].
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Nhin chung, cac cép phéi co ty lé thay thé dén
khoang 30% van duy tri d6 lwu déng tir 176—-205 mm,
dap &ng yéu cau vé tinh céng tac dat ra ciia hén hop
viva. Khi ty 1& thay thé Ién hon 50%, d6 lwu déng gidm
dang ké va c6 thé anh huwéng dén qua trinh thi cong.

3.2 Anh hwéng caa ham Iwong ba thai thach cao
phospho dén thoéi gian déng két

Két qua xac dinh thdi gian bt dau dong két cia
cac cap phéi vira dwoc trinh bay trong Bang 5. Thoi
gian bat dau doéng két ctia cac mau dao dong trong
khoang 125+185 phut va c6 xu hwéng giam khi tang
ty 1& thay thé cat tw nhién bang ba thai thach cao
phospho. Mau dbi chirng (ID_01) c6 thei gian bat dau
déng két 1a 185 phat, trong khi mau thay thé hoan
toan cat bang ba thai thach cao phospho (ID_08)
gidm xudng con 125 phat.

Cac mau tly ID_01 dén ID_05 c6 thei gian bat dau
déng két tir 155+185 phat, nam trong gidi han quy
dinh clia TCVN 4314:2022 dbi v&i viva kho tron sén
mac M7,5 va dat muc tiéu thiét ké ban dau cla
nghién ctru nay. Trong khi d6, cac mau ID_06, ID_07
va ID_08 c6 thoi gian bt dau dong két lan lwot 1a
148, 140 va 125 phat, thp hon gia tri quy dinh cta
tiéu chudn. Két qua nay cho thay khi ty 1& ba thai
thach cao phospho thay thé céat tw nhién vwot qua
mot gi¢i han nhét dinh, thdi gian bt dau dong két
ctia hén hop viva bj rat ngan.

Hién twong trén c6 thé dworc gidi thich bi viéc ba
thai thach cao phospho c6 thanh phan cha yéu la
CaS0,-2H,0 cung véi mét lwong nhd cac tap chat
hoda tan nhw photphat va florua. Khi ham lwgng ba
thai phosphogypsum tang, cac thanh phan nay lam
thay déi méi trwerng thay hoa cla hé chat két dinh, tir
dé anh hwdng dén téc do hinh thanh cac san pham
thay hoa trong giai doan dau va lam gidm thoi gian
bat dau déng két ciia hén hop vira [9, 18]. Tuy nhién,
& cAc ty lé thay thé thich hop (ID_01 dén ID_05), sw
thay d6i nay khéng lam anh hwéng dén kha nang thi
cobng cla vira va van bdo ddm yéu cau k¥ thuat theo
TCVN 4314:2022.

3.3 Anh hwéng caa ham Iwong ba thai thach cao
phospho dén khéi Iwong thé tich cda san phdm
vira khé

Giéa tri khéi lwgng thé tich cha vira sau khi dong
rén c6 xu hwéng gidm dan khi tdng ham lwong ba
thai thach cao phospho thay thé céat ty nhién. Mau
ddi ching (ID_01) dat khdi lwong thé tich 2125
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kg/m3. Khi thay thé 10%, 20% va 30% cét tw nhién
bang b thai thach cao phospho, khéi lwong thé tich
gidm lan lwot xubng 2118 kg/ms3, 2110 kg/m?3 va 2098
kg/m3. Khi ty I& thay thé tiép tuc tang tr 40% dén
75%, khéi lwong thé tich gidm con 2085 kg/m3, 2072
kg/m3, 2060 kg/m3 va 2050 kg/m3. So vé&i mau ddi
chng, mau thay thé hoan toan cét tw nhién co6 khoi
lwong thé tich gidm khoang 3,5%.

Xu hwéng gidm khéi lwong thé tich c6 thé dwoc
giai thich b&i khéi lwong riéng cda ba thai thach cao
phospho thap hon so véi cat tw nhién. Khi ty 1é thay
thé tang, khéi lwong vat liéu trong cing mét don vi
thé tich gidm, dan dén khdi lwong thé tich cda san
phdm vira sau khi déng ran gidm theo. Tuy nhién,
merc giam khong I&n, cho thay viéc siv dung ba thai
thach cao phospho thay thé mét phan cét tw nhién
khong lam thay ddi dang ké& déc tinh khéi lwong cta
vat liéu.

3.4 Anh hwéng cda ham Iwong ba thai thach cao
phospho dén cwong d6 chju nén va cwong dé
chiu kéo khi uén cda vira xay dung

T két qua thi nghiém trong Bang 6 cho thay, két
qua thi nghiém cho thay cwéng do chiu nén cla tat
ca cac mau déu tang theo thai gian bao dwéng, phan
anh qué trinh phét trién cwéong d6 cla cac san pham
vira kho str dung ba thai thach cao phospho twong
tw nhw cac loai vira xi mang cat théng thwdng. Tuy
nhién, khi tang ham lwgng ba thai thach cao phospho
thay thé cat tw nhién, cwéng dd chiu nén & moi tubi
déu co6 xu hwdng giam.

Cac mau viva tir ID_01 dén ID_05 c6 cwdng dd
nén trung binh & tudi 28 ngay dao déng trong khoang
7,88 — 10,85 MPa dat yéu cau ky thuat vira xay dwng
mac M7,5 theo TCVN 4314:2022. Céc cap phdi viva
st dung ham lwgng thach cao trén 40% cé cwdng do
gidm tr 6,55 MPa xubng 4,70 MPa, khéng dat mac
M7,5 dé ra trong muc tiéu nghién ctu.

Két qua th&» nghiém cuwong d6 chiu kéo khi ubn &
tudi 28 ngay (Bang 6) cho thay su suy gidm dan ti
mau ID_01 dén ID_08, twong tw v&i quy luat bién
thién cta cwéng do chiu nén. Mau ID_01 dat gia tri
cwdng d6 kéo udn I&n nhat (2,35 MPa) trong khi mau
ID_08 dat gia tri nhé nhét (1,17 MPa).

Két qua biéu dién ty lé phat trién cuwdng do chiu
nén (Rn/Rn2s) tai cac tudi 3 ngay, 7 ngay va 14 ngay
S0 v&i 28 ngay clia cac mau vira xay dwng s dung
ba thai thach cao phospho thay thé cat tw nhién dwoc
trinh bay trong Hinh 6.
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ID_04 ID_05 ID_06 1D_07 1D_08

M&u vira kho thi nghiém
Hinh 6. Ty Ié cuong do chiu nén cia vira thi nghiém & tubi 3, 7 va 14 ngay so véi cuong do chiu nén & tudi 28 ngay

Vé tong thé, cac cap phdi vira déu cho thay sy gia
tang cwdng do rd rét theo thdi gian. Tuy nhién, téc
dd phaét trién cudng d6 sém (& 3 ngay va 7 ngay tudi)
c6 sw khéac biét gitra cac mau:

O tudi 3 ngay, mau ID_01 va ID_08 cé téc dd phat
trién cwdng dd s&m nhanh nhét, dat twong (ng
39,5% va 40,4% so v&i cwdng dd & tudi 28 ngay.
Trong khi d6, cac mau tr ID_02 dén ID_05 co6 téc dod
phét trién cwdng dd sém cham hon, chi dat tir 28,4%
dén 32,7%.

O tudi 7 ngay, tdc dd tang trwdng cwdng dd cla
cac mau ID_06 va ID_07 tang manh hon, dat 58,0%
cwdng doé 28 ngay, cao hon so véi mau ID_03
(49,0%).

O tudi 14 ngay: Téc dod phat trién cwong d6 cua
tat ca cac cap phéi dan tién vé mic twong ddng, dat
tr 84,0% dén 86,2% so v&i gia tri cworng dd mébc 28
ngay.

Pidu nay ching td ham Ilwong ba thai
phosphogypsum anh huwéng dang ké dén dé 6n dinh
cta bd khung cét liéu. Dac biét, cac thanh phan hat
min t& trong bé thai thach cao c6 thé lam ddc chac vi
céu trac, bd sung lwong hat siéu min cho thanh phan
cbt liéu. B6 chinh 1a nguyén nhan anh hwéng dén
cwdng do chiu lwe cia mau viva trong thi nghiém nay
[2, 13, 14].

Nhin chung, két qua nghién cru cho thay viéc st
dung ba thai thach cao phospho v&i ham lwgng
khoadng 40% khéi lwong cét tw nhién 1a phu hop dé
ché tao san pham vira kho trén s&n mac M7,5; vira
tan dung dwoc ngudn chét thai phosphogypsum, vira
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han ché sy suy gidm céc chi tiéu co hoc cta san
pham.

4. Két luan

Tl cac két qua nghién ctu thwe nghiém vé kha
nang st dung ba thai thach cao phospho thay thé
mot phan cét liéu min trong ché tao viva kho tron sén,
c6 thé rat ra mot sé két luan chinh nhw sau:

Nghién clru da danh gia kha nang st dung ba thai
thach cao phospho phét sinh t» Nha may san xuét
phan bén Diamoni Photphat (DAP) Dinh Vi, Hai
Phong dé thay thé mot phan céat tw nhién trong ché
tao vira khd tron sén. K&t qua nghién ctru cho thay
ba thai thach cao phospho c6 thé dwoc st dung 1am
vat liéu thay thé cét liéu min véi ty 1&é pha hop, gop
phan tan dung chét thai cong nghiép va gidm nhu cau
khai thac cat tw nhién.

Khi tang ham lwong ba thai thach cao phospho
thay thé cét tw nhién, d6 lwu dong cta hén hop vira
va khéi lwong thé tich cGa san pham sau déng ran
déu gidam. Nguy&n nhan chi yéu la do ba thai c6 ham
lwong hat min I&n, dién tich bé mat riéng cao va khi
lwong riéng thap hon cat tw nhién, lam téang nhu cau
nwéc cta hén hop va gidm khéi lwong thé tich cla
vira.

Cuwéng dd chiu nén va cudng do chiu kéo khi ubn
cla vira déu giam theo ty lé thay thé cat. Mau dbi
chirng dat cwong d6 chiu nén 28 ngay la 10,85 MPa,
trong khi mau thay thé hoan toan céat bang ba thai
thach cao phospho dat 4,70 MPa. Sy suy gidm
cwéong d6 chi yéu xuét phat tir viéc giam ty & cbt liéu
chiu lwc trong hédn hop, lam gidm kha nang hinh
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thanh bd khung chiu lwc 6n dinh cla viva.

Trong pham vi nghién ctru, cac cép phéi st dung
khodng 10-40% ba thai thach cao phospho thay thé
cét tw nhién van dam bao cac yéu cau ky thuat déi
véi viva xay dwng théng thwdng mac M7,5, ddng thoi
han ché dang ké sw suy giam céc tinh chéat co hoc.

Két qua nghién ctru da chirng minh tiém nang rng
dung ba thai thach cao phospho trong ché tao vira
kho tron sén, gép phan mé rong huéng tai st dung
chat thai cong nghiép ctia Nha may DAP Dinh Vi,
gidm lwong chét thai phai lwu chira, tiét kiém tai
nguyén cét tw nhién va thuc day phat trién vat liéu
xay dwng xanh theo dinh hwéng kinh té tuan hoan.

L&i cam on: Nhom tac gid xin chan thanh cam
on Trwdng Dai hoc M - Dia chat va Cong ty Co phan
DPau tv Trwong An Hai Phong da hd tro thuc hién
nghién ctru nay.
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