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1
MO PAU

Cung véi tde do phat trién kinh té ngay cang nhanh, sy tiéu thu cac ngudn tai
nguyén thién nhién ngay mot can kiét dé dap tng nhu cau cua con ngudi ngay cang
tang. Khi dan s va téc do d6 thi hoa tang 1én thi ngudn vat liéu xi ming can dung
phuc vu doi séng con ngudi cang nhiéu. V&i muc tiéu phat trién bén viing, can giam
thiéu nguon ba thai thach cao phétpho (PG) va ting cudng tai ché chat thai lam
nguyén li€u dau vao trong nganh xay dung, la nhiém vu dugc quan tam boi nhiéu hoc
gia toan cau. Viéc dua bi thai PG vao san xuit xi mang duoc xem 1a mot trong nhitng
giai phap tiém ning dé giai quyét vin dé chat thai nay.

Bi thai PG 1a san pham phu ctia qua trinh san xuét axit HsPO4. Luong PG ton
dong ngay cang nhiéu tai cac bai thai lam giam dién tich ctia cac nha may va c6 kha
ning gay su 6 moi truong do tran bai thai, xir Iy ba thai PG van 1 van dé nong &
Viét Nam va thé gigi [1]. Tai Viét Nam hon 10 triéu tan PG tai bai chira, va mdi nim
Viét Nam c6 khoang gan 3 triéu tan PG thai ra tir qué trinh san xuat phan bon héa
chat ciia cac nha may phan bon DAP Dinh Vi, DAP Lao Cai va Bic Giang.

Tuy nhién, do sy c6 mat cia cac tap chat, viéc tan dung PG trong san xuét xi
mang bi han ché nén phuong phap tién xir 1y dé loai bo tap chat 1a can thiét. PG chira
ham luong tap chat nhu axit SOs%, PO4* tu do, mudi photphat, mudi florid va céc
chat hitu co gan trén bé mit tinh thé PG. PG c¢6 ham luong canxi sunphat cao nén
thudong dua vao tai sit dung cho muc dich xay dung, tuy nhién do su ton tai cua tap
chat trong ba thai PG lam anh huéng dén qua trinh sir dung nén hién nay ti 18 tai sir
dung chi chiém du6i 15% trén toan thé gidi [2], nén can nghién ctru xir 1y cac tap chat
trong PG trude khi dua vao tng dung.

Do d6, cac nha khoa hoc di tién hang nhiéu nghién ctru dé loai bo tap chat
trong PG. Viéc loai bo cac tap chat photpho va photpho dong két taa trong qua trinh
tién xu 1y c6 ¥ nghia quan trong dén tan dung PG vao xi ming. Ham lugng photpho
cao trong PG lam kéo dai thoi gian dong két khi sir dung PG 1am chat cham dong.
Theo yéu cau cua quy chuan Viét Nam vé phu gia ding cho san xuat xi mang thi ham
lugng photpho hoa tan va photpho tong sé trong PG phai nho hon 0,1 % va 0,7 %
tuong tng, theo tiéu chuan An D6 thi tong photpho can tdi thiéu 13 0,4 %. Do cac tac
nhan axit c6 kha ning pha v& lién két cua tap chat va thach cao, dong vai trd quan

trong trong viéc loai bo tap chat photpho, tuy nhién axit du sau xur 1y s& lam cham
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qua trinh thity hoa xi mang, anh hudng dén viéc st dung thach cao sau xt 1y vao cong
nghiép xi ming [3]. Do d6, can phat trién mot phwong phap dé loai bo photpho,
photpho dong két tua va cac tap chat hitu co (TOC) dat yéu cau véi nguyén liéu san
c¢6 va khong anh huodng tiéu cuc dén tinh chét vira xi mang. Trong d6 axit sunphuric
13 mot tac nhan sin c6 tai nha may DAP Pinh Vil dung trong qua trinh san xuat
HsPO4. Bd PG sau khi dugc xir Iy véi axit tiép tuc trung hoa véi CaO thu nhan
CaS04.2H20 hoic cacbonat héa véi NaOH suc khi khi CO2 dé chuyén hoa PG sang
CaCOs kich thudc nanomet, micromet dinh hudng tng dung lam phu gia xi mang vai
muc dich cai thién tinh chat co Iy cua xi ming.

Nghién ctru xtr Iy va ting cuong kha ning tai ché PG trong linh vuc xay dung
va tong hop, tai ché vat liéu van ludn thu hit sy quan tim cua rat nhiéu nha khoa hoc
trén toan thé gisi va tai Viét Nam [2, 4-7] nhung viéc Xt 1y va tan dung ba thai PG
tai cac nha may phan bon trén thé giéi va tai Viét Nam van gap nhiéu kho khan, do
vay can tiép tuc nghién ctru co s& khoa hoc qua trinh xtr 1y ba thai PG va tan dung
PG nha may phan bon tai Viét Nam vao lam vat liéu xay dung.

Tur nhiing van dé trén, dé tang cuong co sd khoa hoc trong viéc dua ba thai PG
vao tng dung lam phu gia xi mang noéi riéng, vat liéu xay dung ndi chung chung toi
lya chon dé tai luan an “Nghién ciru qua trinh xtr Iy ba thai thach cao phétpho va buéc
dau tng dung dé 1am phu gia xi mang”. Luan an c6 ¥ nghia va tao co so khoa hoc dé
tan dung tai nguyén thién nhién tir ba thai PG vao tai sir dung va tong hop vat lidu
dinh hudéng cho nganh xay dung .

Muc tiéu nghién curu:

+ Nghién ciru qua trinh loai b6 photpho va tap chat trong ba thai PG - san pham
phu ctia nha may phan bén dat tiéu chudn lam phu gia xi mang theo TCVN
11833:2017

+ Nghién ctru qua trinh cacbonat hoa b thai PG sau khi da loai bo tap chat dé
thu nhan nano, micro CaCO3 dinh hudng lam phu gia xi mang, vat li¢u xay dung

+ Nghién ctru bude dau tng dung thach cao di loai bo tap chit dinh hudng
lam phu gia xi mang.

N@i dung nghién ciru ciia Ludn dn gom:
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(1) Nghién ctru dic diém, thanh phan hoa hoc ba thai PG cii 1ay trén bai chon
l4p (PGea) va b thai PG méi phat sinh trén diy chuyén (PGmei) cua nha may phan
bon DAP1 va DAP2;

(2) Nghién ctru t6i wu hoa qua trinh loai bo photpho trong ba thai PG lay trén
bai cia nha may DAP1 (PGci) lam phu gia xi mang dap tng theo TCVN 11833:2017;

(3) Nghién ctru thu nhan CaCOs kich thudc nanomet, micromet tir PG trén bai
sau khi loai bo tap chat (PG sau loai bo tap chat);

(4) Nghién ctru xtr 1y ba thai méi (PGmsi), budc dau nghién ctru tng dung b

thai PG mai sau xur 1y trén vira xi mang;
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CHUONG 1. TONG QUAN

1.1. Cong nghé san xuit axit photphoric va phat thai ba thai PG
1.1.1. Céng ngh¢ san xudt axit photphoric

Phuong phap san xuét axit photphoric duoc san xuit trong cong nghiép theo
qua trinh w6t hodc qua trinh kho, trong d6 phwong phuong phap wét 1a chu yéu. Axit
photphoric dugc san xuat theo phwong phap w6t 13 san phdm chinh cta qua trinh phan
g gitra quing apatit va axit sunphuric. Qua trinh nay dwoc sir dung rong rai dé san
Xuit axit photphoric va canxi sunphat ton tai chu yéu 1a dang thach cao ngam hai
nuéc (CaS04.2H20) (DH). Co ché san xuét axit photphoric trong qua trinh san xuét
udt theo phan tng sb 1 [8, 9].

Cas(POa)sF (ran) + 5H2S04 (Iong) + 5xH20 (long) — 5CaSO 4-xH0 (ran) +
3H3PO4 (long) + HF (Iong) (1)

Canxi sunphat 13 san pham phu ciia qua trinh san xuét axit photphoric [8, 9]
tuy thudc vao diéu kién nhiét d6 va néng do P20s va SO4% clia qua trinh cong nghé
san xuat HsPO4 ma thach cao ton tai dang thach cao khan (Anhydrit-CaSO4, x=0)
(AH), thach cao ngadm nira phan tir nuéc (Hemihydrat- CaS04.0.5 H20) (HH), thach
cao ngdm hai phén tir nude (Dihydrat - CaSO4.2H20) hoic 1a két hop cua cac dang
két tinh & mot diéu kién cu thé.

Nguyén Iy héa hoc co bdn trong qud trinh san Xudt la qud trinh phdn huy
quang apatit voi axit sunphuric teo axit photphoric va ba thai PG

Ca3(PO4)2 + 3H2S04 + 2H20 = 3CaS04. 2H20 + 2H3PO4 (2)

Phan g nay dién ra theo hai budc:
6 H20 + Ca3(PO4)2 + 4H3PO4 = 3Ca(H2P04)2.3H20  (3)
3 Ca(H2P0O4)2. 2H20 + 3H2S04 = 3CaS0;4 .2H20 + 6H3PO4 (4)
Ngoai phan mg chinh nay, con ¢6 mot s6 phan @ng phu dién ra, quan trong nhat la:
CaF2 + H2SO4 = CaSO04 + 2HF (5)
4HF + SiO2 = Si F4 + 2H20 (6)
3SiF4 + 2H20 = 2H,SiFs + SiO2  (7)
CaCOs + H2SO4 = CaSO4+ CO2 + H20 (8)
Fe>O3 (hodc Al20s3) + 2H3PO4 = 2FePO4 (hoac 2AIPO4 ) + 3H20 (9)
H2SiFs (+ Nhiét do nong + H2SO4) = SiFs +2HF (10)
Na20 (hoic K20) + H2Si Fe = NaxSiFs (hoac K2SiFg) + H.O (11)
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Hiéu qua thu P,Os tir quang cho thay tinh ning ki thuat cua quy trinh cong
nghé san xuat khi P20s bi mat do ton du photpho trong ba thai PG nhiéu, do khong
thu hdi dugc, do dong két tua, do quing phdt phat khong phan ung hét, do tiép xtc
gitta quing phdt phat va axit sunphuric chua hop 1y. Hinh thic hao hut do photpho
trong ba thai PG ton tai & dang két tinh trong thach cao. Khi thach cao két tinh, khong
gidng nhu canxi sunphat tinh khiét, mot luong HPO42 (ion photphat) nhat dinh thay
thé cho SO42 (ion sunphat) trong mang ludi tinh thé. Dicanxi photphat két tinh theo
cung canxi photphat va c6 dic tinh két tinh gan gidng nhau. Su hao hut photpho nay
cang 16n khi st dung dung dich c6 néng d6 CaO cao va noéng d6 H.SO4 thap trong
phan huy quang. Hinh 1.1 md ta quy trinh cong ngh¢ Dihydrat.

Ngwng
Khi thai tu
A A
1
1
X ly Lam Nwée
khi r |anh
Quang apatit Tr Tr l
> Axit photphoric
H,SO, 98% Bé phan Bé 26-32% P505
—_— ., =||> :—l‘ Bé loc »
wng chira ¥ ’
Hy0
E—
0 B4 thai PG

Axit photphoric lodng

A J

Hinh 1. 1. Qua trinh cong ngh¢ dihydrat

Qua trinh hinh thanh ba thai thach cao trai qua 4 giai doan trong quy trinh uét
san xuat HaPO4 tir quang apatit gdm nghién quing tao bun, phan tng phan huy, loc
va co dac HzPOa.

Lurgng bd thai PG: Ba thai PG hinh thanh véi khdi luong rat 16n, trung binh
mdi tin PoOs san xuat ra sé sinh ra 4- 5 tan ba thai PG. Chat thai nay hién luu chira
trong bii chira va c6 tiém ning sir dung thay thé thach cao ty nhién.

Tai Viét Nam, hai nha may san xuit phan bon DAP déu sir dung cong nghé
Dihydrat san xuat axit HsPO4 theo cong nghé udt kém theo lugng ba thai thach cao
I6n va hiéu suat thu hdi P20s thap va can cac bién phéap xir 1y ba thai PG dé sir dung

cho san xuat vat liéu xay dung.
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Bang 1. 1. So sanh cac cong nghé san xuat axit phophoric bang qua trinh w6t [10]

. Qua o ) Qua trinh )
Cac h¢ Qua trinh Qua trinh . Qua trinh
. trinh . L Dihydrat/ L
SO . Hemihydrat | tai ké tinh - Hemi/Dihydrat
Dihydrat Hemihidrat
40% Kho,
ba Kho, 100% , Kho, Kho, 100%
. 100 min hon
photphat 1 mm 100% 0,5 mm 1 mm
Mesh DH
Hiéu qua
95-97% 90-94% 98-99% 99% 98-99%
banh loc
Mat mat
0,5-1% 1-3% 0,5-1% 0,5-1% 0,5-1%
khac
Thu hoi 93,5-
88-93% 95-97% 98-99% 98%
P>Os 96,5%
P2Os tao , , , , ,
2,5-3tan | 3-3,5tan 2,5-3 tan 2,3-2,7 tan 2,4-2,8 tan
thanh
Str dung
90-95% 70-80%
H2SO4 Co 60% H2SO4 Co
. H2SO4 H2SO4
loang
Nhiét do
phanang | 70-85 85-100 85-100 65-70 90-100
(°C)
Nhiét do
két tinh - - 50-60 90-100 50-65
(°C)
Mtrc d6 . s
~ - Luu y qua - Co thé can N
dé van Dé Dé L i Can kiém soat
trinh loc ket tinh axit
hanh
, SOs3 thép,
Chat 1,5% SO3 cao, .
chat hiru co 1,5% SO3,
luong S03,40-48 40-45% .
. thap, 35-38% | 40-45% P20s
san pham % P20s P20s
P20s
Chat Chat
luwong lwong | Khong sach Sach Sach Sach
gypsum thap
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Hai quy trinh chinh riéng biét dé san xuat axit photphoric, d6 1a quy trinh di-
hydrat va quy trinh hemi-hydrat. Sy két hop cua qua trinh dihydrat va hemi-hydrat
cling duoc sir dung dé san xuat axit photphoric nhim dat duoc mic d6 thu hdi P20s
cao hon. Qua trinh DH van phd bién nhét bai vi qua trinh nay d& van hanh va phu
hop véi nhiéu loai quing photphat, 80% PG tao ra trong qua trinh DH [9, 11, 12]
cong nghé hemi-hydrat (HH) san xuét HsPO4 han ché do diéu kién van hanh khit khe,
kho hon, nhuge diém cia qua trinh DH 12 tao ra photpho dong két taa trong
CaS04.2H,0, do d6 1am mét 4-6 % P,0s va chat lugng P2Os san pham thap chiém
28-32%, tap chat trong PG cao (bang 1.1).
1.1.2. Tinh chét ciia ba thdi PG

Tinh chit ctia ba thai PG phu thudc ban chat loai quang tu nhién va cong nghé
duoc ap dung, hiéu qua hoat dong ctiia nha may, phuong phap xtr Iy va thoi gian xu
1y, vi tri mau va do sau cia bai chon 1ap PG [13].

PG 1a vat liéu dang bot, hau nhu khong c6 kha nang tao hinh, thanh phan chinh
12 CaS04.2H20, ham lugng thach cao trén thé gidi cao (> 90%) [14, 15]. Do cac 18
rong trong PG con du axit photphoric, axit sunphuric va hydrofloric nén day 1a mot
dang san pham phu c6 tinh axit (pH < 3). PG sau bang tai loc thuong chira ham luong
am 25-30%. Ham lugng nuéc tu do thay ddi 16n theo thoi gian rat nuwéc cua PG tai
bai lru chaa va diéu kién thoi tiét. Bo tan cia PG phu thudc vao pH, PG tan tdt trong
nuéc mudi (khoang 4,1 g/l) [16]. Ti khdi cua PG dat 2,27 dén 2,40 g/cm? va ti trong
d6 dbng 12 0,9 va 1,7 g/cm? [17]. PG c6 kich c& hat c6 dudng kinh 0,250 - 0,045 mm
vu thé va phu thudc vao ngudn quing phdt phat va diéu kién phan tng [9]. Milos,
Dragan (2003) thdy PG c6 cau tric tinh thé rd rang, chi yéu 14 hinh thoi va dang sau
canh [18]. Anh hién vi dién tir thé hién su ddng nhét va sy sap xép déng liang tru PG,
cau trac tinh thé hinh thoi va tinh thé tryc giao dinh hinh. Thanh phan cua quang
khoang photpho, dugc mo ta trong cac nghién ctru quan trong anh huong 16n bai
quang apatit florua [CaioF2(PO4)s.CaCOs], quing sit goethite (FeOOH) va thach anh,
Vv6i khoang nhom phdtphat, anata, FesOs, monazite va barit. Kim loai ning va cac
nguyén t6 vét nhu Cd va Ni ciing duoc phat hién. Quiang phot phét co tinh phong Xa,
cha yéu 1a U8 va Th?2 [19, 20].

Theo Taha, Seals, 1992 [21] thanh phan chinh cua PG 1a CaO, SO, SiO,
Al,03, Fe;0s, P20s va F, kim loai vét (Asen, Pong, Bari, Cd, Chi, Thity ngan, Selen,
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Crom) cling c6 trong mot sb loai PG. PG ¢6 téng lugng Ag, Au, Cd, Se, Sr cao va
nguyén té hiém Y, Ln. PG cua bang Florida - Mi c6 thanh phan Sb va As cao hon PG
Alberta (Idaho) nhung c6 néng do Ag, Ba, Cd va Sr thép hon. Muc Y, Zr, Cu, Ba va
Ni cia PG Nam Mi cao hon PG vung Central Florida. PG ¢ Tunisia c¢6 chira Cd, Hg
va Zn & muc cao [22, 23].

Mt khac cong nghé san xuat ché bién w6t tao H3PO4 theo cong nghé Dihydrat,
tai hai nha may DAP1 va DAP2 cua Viét Nam hién 1am theo cong nghé hang Payron
tao san pham chinh 1a H3PO4 va san pham phu 1a CaS04.2H,0 diéu kién nhiét do
76°C-90°C. Trong khi d6, cong nghé san xuat HsPOj trén thé gisi hién dai hon, da
phan tién hanh theo cong ng hé tao hemihydrat, va tai két tinh, san pham tao thanh la
axit HsPO4 va san pham phu 1a CaS04.0.5 H20 ¢ diéu kién nhiét d6 tir 90-115°C Vi
hiéu suat tao H3PO4 cao hon va ham luong tap chét trong CaS04.0.5 H20 1 thap hon
so vai Viét Nam (bang 1.1). Cac tai liéu nghién ctru trén thé gisi cho thay thanh phan
tap chét trong PG thap, tong photpho dudi 2 %, silic 3-5 %, flo < 1,5 %, va ham luong
CaSO4 trong chat thai cao trén 90 % [23, 24].

1.1.3. Hi¢n trang phdt théi PG

Theo nghién ctru ctia Tayibi H va cong su, dé san xuat mot tin axit HsPOy thai
ra 4-5 tan PG [25]. Phat thai PG trén toan thé gigi udc tinh khoang 280-300 triéu
tan/nam [26, 27] chii yéu cua Mi, Chau Phi va Trung Pong. Bang 1.2 trinh bay phat
thai PG cua mot s6 nudc trén thé gigi [28]

Bang 1. 2. Phat thai PG mot s6 nude trén thé gioi

Quéc gia San lugng PG triéu tan/nim
Florida 30
Jordan 3
Morocco 15
Tunisia 10
Ukraine 10
Serbia 0,81
Syria 0,35
Toan thé gidi U'dc tinh 280-300

Tai Viét Nam, hién c6 3 nha may san xuat phan bon c6 ngudn ba thai PG 1én

t6i 5,6 trigu tin/nam. Khéi lugng ba thai PG ciia nganh cong nghiép phan bon tai Viét
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Nam hién nay rat Ion. Riéng voi DAP Pinh Vil - Hai Phong véi cong suat hoat dong
330.000 tan/nam, 150 tan PG/gio, s& thai ra méi trudng khoang 0,9 - 1,2 triéu tan
PG/nam.
1.1.4. Thdch thirc ciia vin dé chat thdi thach cao photpho

Theo nghién cuu, hién tai trén 85% ba PG thai ra moi truong ma khong duoc
xir Iy. Khdi luong PG anh huong lon dén méi trudng va sic khoé con ngudi. Theo
nghién citu ciia Mas va cong su ba thai PG chat déng ¢ dam mudi & Huelva (Tay Ban
Nha) chira khoang 100 triéu tin ba thai PG (khu vuc uée tinh 1200 ha véi do cao
trung binh 13 5 m), chat thai tai bai chén 14p khong dam bao vé méi trudng do khong
16t va che phu tét din dén c6 anh huong do tia phong xa gamma & mic cao 5 dén 38
lan so véi mic thong thuong [29]. Nghién ciru cua Lysandrou va cong su (2007) [30],
do muc phat ra Rn?? ctia mau PG khoang tir 0,35 dén 1,1 Bg/h, cao hon so v6i do
phat xa Radon ciia nén dia chat & Cyprus, c6 thé 1a nguyén nhan 1am ting nong do
radon va tao ra sy tiép xtic qua méc ciia con ngudi Vai birc xa [30].

Céc nghién ctru vé anh hudéng ciia nguon thai PG dén mai truong dat va nudc
1a kha nang ngdm cua cac yéu td doc hai ciia PG va do d6 gay nguy co 6 nhiém nguon
nuéc ngam dudi bai PG [31-33]. Vi PG thai thudng dwoc van chuyén va thai bé nhu
bun 16ng, bai thai PG anh huéng bai thay doi thity triéu va hoa tan/tham thau cac yéu
t6 co mit trong PG. Cac nguyén t6 hoa tan sé& lang xuéng gan dat hoic chuyén dén
viing nudc va nam & vung nudce [34].

Kha nang rira troi cia Cd, Cu, U va Zn trong PG Syria da duoc nghién ctru boi
Al-Masri va cong su [35]. Cac thi nghiém sir dung nudc cat va H2SO4 (0,1-1 mol/l)
ria lién tuc bang nudc cat va cac chat chiét xuat cé chon loc khac nhau. Trong truong
hop ngam lién tuc trong 60 phut, trén 50% lugng Cu, Zn va Cd hoa tan trong nudc,
trong khi chi c6 20% U bi hoa tan. Nudc ri tir thi nghiém loc theo thoi gian (thoi gian
khudy tir 10 dén 120 phut) cho thay rang Zn, Cu, Cd va U la cac nguyén t6 chuyén
tai dé dang nhat vao trong pha nuéc. Rira lién tuc PG véi axit dam dac, két qua cho
thdy rang cac nguyén té vi luong duoc hoa tan theo thir ty sau: U (31%), Cd (25%),
Zn (10%) va Cu (10%) [35].

Tuy vay, ngudn ba PG ctia nha may hoa chat sau khi dugc xu 1y, trung hoa
c6 thé tai str dung trong nhiéu linh vire, dic biét trong xay dung nhu lam thach cao
nhan tao, vira xay dung, gach chiu lira xay dung. My c6 quy dinh khit khe vé st
dung PG do ngudn quing c6 bic xa. Nam 1989, co quan Bao vé Mbi truong Hoa
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Ky khong khuyén khich str dung PG. Nam 1992, sira d6i dé cho phép str dung PG
v6i ndng d6 radium-226 trung binh dudi 10 pCi/g tng dung trong ndng nghiép nhu
chét cai tao dat. Cac khu vuc khac trén thé giéi van xem PG nhu mot nguyén liéu
tho c6 gia tri va cac quy trinh duoc phat trién dé sir dung né trong san xuat hoa chat
va vat liéu xay dung.

Cong nghé san xuat thach cao nhén tao va van dé tng dung PG vao vat liéu
xdy dung c6 nhiéu khé khin thach thirc tir phia don vi san xuit vé cong nghé va
tr ngudi st dung do tdm 1i va lya chon san pham canh tranh 1a thach cao thién
nhién, trong bdi canh chua c6 chinh sach khuyén khich manh mé cho viéc tai st
dung tai nguyén.

Trong ba thai PG, ngoai thanh phan chinh 1a CaSO4.nH,0 thi con lai 1a cac tap
chat hitu co (TOC) va cac tap chat PO4%, flo, clo, SO4%, kiém NaxO + K20, cac kim
loai nang va dat hiém, tiém an rai ro va anh huéng dén suc khoe nguoi st dung ciing
nhu méi treong xung quanh, Moi ngudi sir dung cac san pham tai ché tir PG ¢o tim
Iy e dé khi str dung [34]. Luong flo, sunphat, kiém, tap chat hiru co trong PG anh
huong dén qua trinh str dung trong san xuat vat liéu xay dung, can thiép kho du doan
dén chét luong xi ming bé tong, 1am cham thoi gian dong két, giam phat trién cudng
do chiu luc, d6 chiu nén co hoc ctia xi mang. Ham Iwong tap chat hiru co cao trong
PG gdy mau den giam my quan khi sir dung lam tdm &p tuong thach cao va ham
lwong photpho cao gy mdc tam thach cao.

Cong ty thach cao Pinh Vil xir Iy thach cao ap dung nguyén Iy rira nuéc, tuyén
thach cao, siy khé thach cao. Thach cao nhdn tao ctia nha may budc dau thir nghiém
tai mot s6 nha may xi mang cho két qua tdt, tuy vay chat luong thach cao nhan tao
chua on dinh vi ban chat cong nghé khong xtr 1y duoc photpho ton tai & dang dong
két tia trong tinh thé va ham luong SiO; cao khong dép ung tiéu chudn lam nguyén
liéu cho san xuat tim thach cao caa cac nha san xuat tim thach cao.

1.2. Vai tro cua thach cao, nghién ctru wng dung PG vao vit liéu xay dung
Vé vai tro ciia thach cao trong xi mang

Thach cao thién nhién 1a mot loai khoang quan trong dung lam chat cham dong
trong xi ming, gdbm st, thach cao, tAm tuong thach cao, vira thach cao, va trong cac
nganh vat li¢u xay dung khac [36-39]. Khi cho thach cao vao xi mang lam chdm qua
trinh hydarat héa ctia xi mang khi dugc tron voi1 nude. Khi thém nudce vao xi mang,
xay ra phan ung véi canxi aluminat va cimg lai. Thoi gian dién ra qua trinh nay rat

ngin nén khong c6 nhiéu thdi gian cho hoat dong van chuyén, tron va db. Khi thach
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cao dugc thém vao nudc, ndé phan ing voi canxi aluminat va tao thanh ettringit. Cac
khoang nay ban dau hinh thanh dudi dang cac tinh thé hat rit min, tao thanh 16p phu
trén bé mit cac hat canxi aluminat. Céc tinh thé nay qua nho dé thu hep khoang cach
gifta cac hat xi ming, nhd d6 co thoi gian cho cac hoat dong tron, van chuyén va db
bé tong. Vi thach cao lam cham qua trinh hydrat héa do d6 né dugc goi la chat lam
chdm qua trinh déng rin trong xi ming. Thach cao kéo dai thoi gian thao tac 1au hon
dé tron, van chuyén va do bé tong. Khi nudc dd trén vao xi mang s€ tao ra phan tng
va nhiét luong, luc nay thach cao dong vai tro 1a chat 1am mat. Bén canh d6, xi ming
¢o thach cao c6 do ctirng va cuong do 16n hon so véi xi mang khong chira thach cao.

Mot luong 16n thach cao can sir dung hang niam, trong d6 nganh cong nghiép
vt liéu xay dung 13 nganh tiéu thu nhiéu thach cao nhat. Thanh phan chinh cua thach
cao thién nhién va thach cao photpho la canxi sunphat dihydrate (CaSOs.2H,0). Véi
tir khoa “Phosphogypsum treatment for cement additives” cho két qua: 501 sang ché
vé dung PG 1am phu gia xi ming. Viéc sir dung ba thai PG trong cong nghiép vat liu
xdy dung gép phan lam giam sir dung thach cao tir mé quing, dong thoi gop phan
giai quyét chat thai cua nganh san xuat phan bon photphat [40].
120
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Hinh 1. 2. Xu hudng cong nghé nghién ctru PG lam phu gia xi mang [41]
Thuc nghiém nghién ctru ciia Garcia-Diaz va cong sy nghién citu tao mau vat
licu polyme chtra lvu huynh bang cach tron PG, luu huynh, soi, cat va mot vat ligu
nhiét déo véi cac ty 1¢ khac nhau [42], luu huynh gitip cho PG 6n dinh va déng ran.
Viéc két hop PG (10-40%) véi luu huynh khong lam thay doi dang ké cac tinh chat

vat 1y va co hoc ciia mau tron luu huynh soi cat d4. Nghién ciru cho thady mau két hop
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lru huynh, PG c6 thé dugc st dung ma khong c¢6 su han ché vé van dé phong xa trong
san xuit cac vat liéu xay dung.

Selcuk va Emrah nghién ctru st dung tro bay va PG trong san xuat gach. Cac
hon hop chat thai cong nghiép khac nhau dung thay thé dat sét véi ty 1¢ (0, 5, 10, 15,
20, 25 va 30%). Tat ca cac mau duoc nung & nhiét d6 1000°C. Két qua cho thay su
két hop PG 1am ting d6 bén co hoc trong khi giam kha niang hip thu nudc [43].

Shi [44] nghién citu cong nghé sir dung ba thai PG dé san xuat khi thach cao.
Gach dong mau xanh 14 ciy duoc say kho & nhiét do 180°C dé khir thach cao dang
dihydrat (CaS04.2H,0) thanh thach cao ban hydrat (CaSO4.0.5H,0) va sau d6 ngdm
trong nude dé tai két tinh thach cao tai chd (CaS04.2H20), va cudi cing 1a 1am kho
tu nhién dé co duoc cac san pham gach khong nung. Nghién ctru cia Shi cho thay
viéc lua chon hdn hop téi uu bao gdm 75 % PG, 19,5 % cat song, 4,0 % xi ming Podc
lang va 1,5 % voi da hydrat hoa va tuong Gng cé cuong do nén, cuong do nén bao
hoa va cuong dd udn cua gach chuan bj 1a 21,8; 13,7 va 5,2 MPa. Cac dic tinh ciu
tric vi mo ctia gach phan tich trén XRD va SEM, cac két qua chi ra rang thach cao
tai két tinh tai chd (CaS04.2H20) thé hién cau truc tinh thé day dac va két ndi, gop
phan tao ra sicc manh co hoc cao cua gach khong nung ché tao tir ba thai PG [44].

Mridul va cong su bao cdo chét két dinh xi mang duoc lam tir PG nung, tro
bay va voi ti 18 1an luot 13 40 %, 30 % va 20 %, va diéu kién khao sat & 28 ngay &
50°C c6 thé ap dung dua vao vat lidu xay dung. Nguoc lai, cac vat liéu két dinh tao
ra & 27°C thé hién d6 bén cao hon, tinh chdng nuéc tét hon va do x6p thap, 1a do san
pham hydrat hoa nhu ettringit va tobermorit ham lugng cao. Cac thir nghiém d6 bén
khi tang nhiét d6 tir 27°C dén 60°C dap trng t6t. Khi vat lidu xi mang tién hanh ¢ 50°C
va ¢ 27°C thiy c6 su giam nhe hon vé d6 bén va su giam khdi luong da duogc theo
ddi v6i su thay thé chu ki 1am w6t va 1am kho va khong c6 bién dong manh hoic giam
khéi lwong da duoc ghi nhan [45].

Min va cong su nghién ciru st dung PG nung nhu chat hoat héa cta chat két
dinh tro, v6i [46]. PG sir dung gia nhiét & 135 °C trong vong 3 gid va sau d6 nghién
nho dua vao ty 1é khac nhau (0, 5, 8, 10, 12 va 15 % khdi lugng lwong hdn hop). Tién
hanh thi nghiém & nhiét d6 phong, cudng do nén cai thién dang ké khi cho thém 8%
PG di nung. Ngoai ra, ddi voi cung lugng tro bay (75%) va tang ham luong PG,

cudng do som (1, 3 va 7 ngay) duoc cai thién, trong khi cuong do cudi (sau 7 ngay)
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giam. Do bén & cac khoang thoi gian khac nhau ciia mau dugc tién hanh tai 45 °C, do
am 90 % duoc cai thién dang ké. C6 su hinh thanh ettringit va thach cao ting téc do
phan &ng pozzolanic cua tro bay va do d6 ting cudng do bén co hoc [46].

Nghién ctru caa Degirmenci mau chat két dinh xi ming gdm PG va tro bay va
10 % vo6i ngam nudc. Hai loai PG da duoc stir dung: PG nung ¢ 150 °C trong 2 gio,
va PG siy khong khi kho va sau d6 sang qua sang 4,75 mm (PG thd). Cac mau tién
hanh trong hai diéu kién khac nhau: nuéc va khong khi ¢ 20 °C trong 28 ngay. Tang
ty 16 PG lam giam cuong d6 nén xudng gia tri thip nhat 2,29 MPa khi sir dung 50 %
khdi lvgng PG. Nguoc lai, bo sung PG sau nung lam cai thién cuong do nén, véi gia
tri ti da 13,76 MPa khi sir dung 50 % PG nung trong ca hai diéu kién thuc hién. Mau
tién hanh trong khong khi c6 do bén cao hon va cao nhat khi sir dung PG nung. Mat
khac, su gia tang ham lugng PG lam hép thu nudce tang; mac du cac mau PG thé cho
thay gia tri cao hon (28 % - 40 %) so v&i mau PG nung (10 % - 23 %). PG nung dic
tinh co hoc tot hon, hap thu nuéc thip hon va trong lwong riéng thap hon, phu hop
véi cac tng dung xay dung [47].

Weiguo va cac cong su nghién ctru anh huong két dinh cia PG trong hdn hop
nghién ciru gdom voi — PG - tro bay dung cho vat liéu 1am nén duong. Két qua cho
thay rang PG tac dong két dinh manh hon véi va thuc ddy mot phan (ng nhanh gitra
voi va tro bay. Chat két dinh khi dung v6i-PG-tro bay c6 do bén cao hon so véi cac
san pham chi sir dung tro bay va v6i ma khong dung PG [48].

1.3. Cac nghién ctru vé loai bé tap chat trong bi thai PG

Tap chét trong ba thai PG cta nha may san Xuat phan bon 1a do anh huéng cua
nguon quing apatit dung dé san xuat HsPOa, diéu Kién van hanh qua trinh phan hay
quang apatit, chat lwong axit HsPO4 thanh pham. Cac tap chat ban dau c6 trong quing
nam lai mot phan trong ba thai PG. Cac tap chat nay lam ting kha ning dn mon, hu
hong vat liéu, anh hudng dén thiét bi san xuat, gay kho khin trong viéc tai str dung
ba thai PG vao lam vat li¢u xay dung, gdy 6 nhiém méi trudng, lam anh huong dén
strc khoé con ngudi, do d6 viéc loai bo tap chat trong PG trude khi dua vao tng dung
vao doi song dac biét trong linh vuc xay dyung 1a can thiét.

Ham luong P20s, F trong PG anh huong dén tinh chat cua vat lidu, can lam
sach tap chat P,Os, F, tap chét khac dé lam ting chit luvong thach cao nhan tao, ting

nhu cau cua cac cong ty xi mang véi ngudn thach cao nhan tao nay.
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Céc nghién ciru trong nudc va qudc té chu yéu tap trung vao giai quyét theo
cac huéng: 1) Phuong phép rira nuée, phuong phap nay c6 thé loai bo P va F hoa tan,
nhung tao ra luong nudc thi cip va chi phi dau tu cao [5]. 2) Tuyén néi theo phuong
phap truyén thdng, c6 thé lai bo chat hitu co trong PG ma khong cho bét ky tac nhan
tuyén ndi ndao, nhung khong thé loai bo P va F. Bén canh d6, phuong phap nay cham
va khong hiéu qua. 3) Trong phuong phap két tua: bo sung véi vao PG khi dé photpho
va flo hoa tan trong PG va voi tuwong tac vai nhau tao thanh dang photphat va florua
khong tan, 1am giam anh huéng cua photpho va flo hoa tan dén cac vat lidu xay dung.
Tuy nhién, sau mot thoi gian, photphat khong tan va florua khong tan bi phan ra ra,
vé co ban khong thé giam anh huong cua photpho va flo dén qué trinh sir dung [24,
34].

C6 nhiéu phuwong an dung axit dé xir Iy PG, vé 1y thuyét dé pha v& ciu tric tinh
thé can dung cac tac nhan axit manh pha v& cac dang tap chét chira photpho dé giam
anh huong cta PG sau xir Iy dén tinh ting cing. Céc tic nhan axit c6 kha ning pha v&
lién két cua tap chat va thach cao, dong vai tro quan trong trong viéc loai bo tap chat
photpho, tuy nhién axit du sau xt Iy S€ lam cham qua trinh thuy hoa xi mang, anh
hudng dén viéc str dung thach cao sau xtr 1y vao cong nghiép xi mang [3].

Cong nghé xt 1y trén thé gidi c6 thé chuyén hoa PG truc tiép sang cac dang
ton tai khac nhung do ham lwong tap chat trong PG Viét Nam cao do qua trinh
cong nghé DH hiéu suat tao HsPO;4 thip nén san pham phu du photpho va tap
chét, can tién xir 1y véi axit dé loai bo photpho dong két tua trong PG va thuc hién
qué trinh trung hoa hiéu qua. Qua trinh trung hoa can vira tiét kiém chi phi vira
tan dung duoc nguyén liéu ré tién, CO2 1a mét trong cac loai khi nha kinh can
giam phat thai, ding CO dé dua vao lam tac nhan khi trong qua trinh trung hoa
xtt 1y PG 12 mot quan diém hay va thu hat duoc nhiéu quan tim trén thé gidi.
DPong thoi qua trinh trung hoa suc khi CO; tao ra cac hat canxit siéu min kich
thudc nano va micro lam ting cuong mat do hat, ting cudng d6 nén khi phdi tron
vao vat liéu xay dung. Cac nghién ciru khoa hoc vé nano co ban da ching minh vai
tro cua cac hat nano (NPs) va micro (MPs) trong qua trinh thuy hoa va tang cing bé
tong. Sau qua trinh xtr 1y PG ngoai CaSO4 1 thanh phan chinh con ¢6 SiO3, su ¢6 mat

cua SiOz, CaS0s, CaCOs trong thuy hoa ciing lam tang cing vita xi mang [49-51]
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cling nhu vai trd cua hat nano déng vai trd quan trong dén qua trinh thay hoéa, lam
tang cing Vvira bé tong, xi mang [52, 53].

Dé tao ra PG khéng doc hai va thich hop cho tai sir dung lam vat liéu xay dung,
cac nghién ctru trude da dé nghi phuong phap nhu rira, sing uét, trung hoa véi voi,
hay xir 1i v&i hdn hop cua H2SO4 hodc dung dich nudc (NH4)2SO4 néng, dé giam
lwong photpho va flo trong PG dé ng dung trong céng nghiép xi mang [54]. Manjit
va cong su xu 1y PG bang dung dich axit xitric 2-5 % khoang 15-25 phit & 30°C[24].

Nhitng nghién ctru Vé sau ctia Manjit va cong su xir li cac tap chat khac dya
trén thi nghiém sang wdt va cyclone thuy luc. PG sang udt qua sang 300 um, rira va
sdy ¢ 42 °C. Két qua cho thay nong do tap chét trong phan min qua sang (85 %) thap
hon phan con lai trén sang (15 %), giam dang ké photpho, flo va chat hiru co [55].

Theo Al-Jabbari va cong su Xt Iy PG véi quy trinh rira PG véi nude, sang qua
sang 100 um va nung & nhiét dd khac nhau (thap va cao), bo sung Ca(OH)2 khi nung
PG [56].

Olmez va Erdem nghién ciru loai bo tap chat PG sir dung siéu am, trong nudc
va sita voi, loai bo P20s trong mang tinh thé thach cao bang qua trinh nung [57]. Viéc
xtr 1i mau PG qua rira voi nude may mot lan va 2 1an & 20°C loai tap chat hoa tan
trong nudc, giam luong P20s tir 1,02% xudng 0,84% va florua tir 0,79% xuéng 0,61
%. Tuy nhién, Xt li nay khong thé 1am giam mot cach hiéu qua cac tac dung lam
cham thoi gian dong két cudi cung cua xi mang thir nghiém.

Nghién ctu cua Jinming Wang nhan dinh ham luong P 13 hé s6 quan trong anh
huong dén sir dung PG 1am vat liéu xay dung. Nghién ctru cia Jinming Wang dung
voi dé loai bo photpho va flo hoa tan, sau d6 tuyén noi dé thu thach cao tinh sach.
Luong 16n chat hitu co va chat nhon min ciing bi loai b ciing qua trinh tuyén noi va
gypsum bi néi 1én bai tuyén nbi tich cuc trong thiét bi khép kin, d6 trang cua PG ting
1én. Tong P20s giam tir 1,78% xudng 0,89%. PG sau xir 1y c6 CaSO4.2H20 dat dén
96,6%, dap ung tiéu chuan qudc gia hang 1 vé vat liéu xay dung ciia Trung Qudc.
Phuong phap duoc danh gia 1a ré va kha thi, va c6 thé dung nhu méot phuong phap
quan trong dé tién xtr Iy PG [5].
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Theo Potgiter thi phuong phap xtr Iy héa hoc véi sira voi theo 1y thuyét 1a
khong hiéu qua dé 6n dinh dong két. Xur 1y v6i NH4OH va H2SO4 ¢6 hiéu qua hon
trong viéc giam thoi gian dong két. Nghién PG véi voi bot cai thién hiéu qua cia nd
trong viéc giam on dinh dong két nhung viéc sir dung voi CaO 1a it hiéu qua va giam
cudng do nén. Phuong phap két hop gitra nghién uét PG va dung dich sita voi trong
may nghién bi duoc Potgiter khuyén cio ap dung trong quy mo coéng nghiép [58].

Nghién ctu cua Abdel-Hakim T.Kandil [59], dung H2SO4 1 M dén 12 M dé
tach loai photpho, sat, nhom, hiéu qua tach loai tap chat dat cao nhat khi ding H2SO4
8 M. Va hiéu qua tach tap chét tang 1én khi tang nhiét do tir 25 °C 1én 80 °C, hiéu qua
loai photpho tang tir 75,04 % 1én 98,67 %, hi¢u qua tach Al>Oz tang tur 69,17 % lén
93,22 %, hiéu qua tach Al>O3 tang tir 55,51% 1én 80,32%, hiéu qua tach flo tang tur
78,66 % lén 99,12 %, hi¢u qua tach Lantan tang tir 12,79 % 1én 15,43 % [59].

Nghién ctiru ciia E.M van der Merwea va C.A. Strydom ngim chat thai thach
cao trong axit sunphuric 5% va 20% trong 30 phat & nhiét do thuong, ti 18 rin/long
1a Y, loc lay pha ran, 1am sach chat hitu co trong pha ran véi nudc va kiém, sy ¢
45°C dé thu gom san pham cubi cung [60].

Aliedeh [61] cong bd nghién ctru vé téi uu hoa qué trinh tinh sach chat thai
thach cao photpho bang tac nhan axit sunphuric va axit nitric tir 1-5 %. Nghién ctu
cuia Hwaiti xtr 1y chét thai thach cao photpho véi axit sunphuric 5 % & 25 °C, thach
cao sau Xir Iy dung 1am phu gia xi ming [50]. Ong ciing da st dung céac loai dung
dich ngam chiét khac nhau nhu sita voi, nudc mudi, hdn hop axit sunphuric va nuéc
mudi, hdn hop axit sunphuric, axit nitric va nudc mudi + canxi cachonat & 24 gio va
ngam & diéu kién nhiét do phong, loc chét ran va siy & 65-85 °C. Nong d6 P20s, SOs,
MgO trong dung dich ngam chiét lan luot 1a 86, 90, 69% dén 94, 96, 99 % [50].

Tém lgi: Chat thai thach cao photpho luu trit va tén dong véi khéi lwong vo
cung 16n & trén thé gidi ciing nhu tai Viét Nam, PG duoc tan dung lai trong mot s6
linh vuc nhung chu yéu 1a tap trung 1am vat liéu xdy dung. Tuy nhién cong nghé Xt
Iy chat thai PG chua ddng bd & cac nha may nén giy ra mot s tinh chét co 1y khong
on dinh vita va bé tong xi mang sir dung thach cao. Ham lugng va tap chat trong PG

phu thudc vao diéu kién van hanh nha may san xuat HsPOu, tinh chat ngudn quing
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apatit va qua trinh luu trir PG trén bai. Do d6 dé ¢y manh tiém ning ¢ng dung PG
vao vat liéu xay dung, nghién ctru xtr 1y chat thai thach cao ngay tai nguon phat thai
14 rat can thiét.

Tap chat ton tai trong PG lién quan dén ngudn quing apatit dau vao, ché do
van hanh cong nghé trong nha may nhu nhiét do van hanh lién quan dén qua trinh
chuyén pha caa CaSOa tir Dihydrat (DH) sang hemihydrat (HH) hoac anhydrat (AH),
va qua trinh loc ba thai PG.

C6 hai phuong phap xu 1y hoa hoc theo phuong phap uét (tach tap vai axit
H2S04,/xitric va NH4OH, rira siy trung hoa) va co hoc xir Iy kho (nung, nghién, sang,
say). Mdi qua trinh ¢6 wu va nhugc diém khac nhau, qué trinh kho t6n nang lugng
I6m, qué trinh xtr Iy w6t néu tan dung niang luong va nguyén lidu sin c6 chi phi xir 1y
kinh té hon. Lu4n an tap trung vao nghién citu xir Iy chat thai PG theo qué trinh uét
bang qua trinh hoa tach 16ng rin PG trong axit véi tic nhan hoa tach tap chat bang
axit sunphuric loai bo photpho, photpho dong két taa sau dé trung hoa véi kiém thu
thach cao nhan tao lam phu gia xi mang va vat liéu nano, micro CaCO:s.

1.4. Yéu cau quy dinh thach cao nhén tao va giéi han quy dinh photpho

V& tiéu chuan ki thuat chung, khuyén cdo PG cho san xuit xi ming, vita trat,
tam thach cao theo theo tiéu chuan An D¢ IS 12679: 1989 [62], va yéu cau thach cao
nhan tao lam phu gia xi miang theo TCVN 11833:2017 tong hop trong bang 1.3.

Bang 1.3. Thong s6 va ngudng quy dinh d6i voi PG

1T Thong s6 IS 12679:1989 | TCVN 11833:2017

1 P20s téng s6, %0 <04 < 0,7

2 | Fngsé, % <04 <06

3 P20s5 hoa tan, %0 0,02-0,1 <01

4 F hoa tan, %0 0,02 <0,02

5 | Doam, % < 10% Yéu cau cong bo
6 Ph >6

7 | CaS04.2H20, % > 75

g Chi so6 hoat dong phong <1

Xa an toan (I)
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Céc tap chét trong ba PG anh hudng dén tinh chét co Iy cua xi ming, trong d6
quan trong nhét 1a chi tiéu photpho, ton tai dang hoa tan va két taa trong tinh thé canxi
sunphat. Photpho 1am kéo dai thoi gian dong két cuia xi mang anh hudng dén tinh chat
co 1y cua vt liéu. Ngudng cho phép cua photpho téng sé trong PG khi dua vao vita,
hd xi mang, thach cao & trén thé gidi tdi da 13 0,4 % [62]; tai Viét Nam 13 0,7 % [63].
1.5. Dang ton tai va anh hwéng cia photpho trong PG téi xi ming

MGt s6 nghién ciru phwong phap loai bo cua cac tap chat photpho hoa tan va
khong hoa tan trong PG [55, 58], tuy nhién céac tap chat photpho lién két vao trong
mang ludi tinh thé ctia thach cao thuong khong dugc xir 1y hiéu qua.

Sy nguy hai tiém ning cua cac tap chat photpho dong két tia voi CaSOs duoc
xem la cao ¢ dang photpho khong tan trong thiy héa xi mang [24]. Viéc loai bo cac
tap chat P dong két tiia trong qua trinh tién xir 1y ¢6 ¥ nghia quan trong dén tan dung
PG vio xi mang. Nghién ciru phat trién boi Manjit dung xitric 4% dé lam sach PG
[24]. Phuong phap nay cé thé loai bo mot phan tap chat P dong két tua, tiét 16 rang
phuong phap sir dung dung dich axit dé loai bo cac P dong két taa 1a c6 tinh kha thi.
Tuy nhién, xir Iy PG véi axit Xitric c6 mot s6 nhuoc diém, dic biét 1a xitric axit 13
mot chat 1am cham dong két xi mang. Axit xitric du con lai sau qua trinh tinh sach s&
tao ra sy lam cham qua trinh thuy héa xi mang, sau d6 s€ anh huéng nghiém trong
dén viéc ap dung thach cao photpho sau xt 1y vao cong nghiép xi mang [3]. Do do,
can phat trién mot phuong phap tién xtr 1y véi axit c6 thé loai bo duoc tap chat P dong
két tua, san c6 dé chi phi thap va khong anh huong tiéu cuc dén tinh chat vita xi mang.
Trong d6 sunphuric 1a mot tac nhan sin c6 tai nha may DAP Pinh Vil dung trong qua
trinh san xuat HsPO4, di c6 cac nghién ctru dung H2SO4 dé 1am sach PG chi tiéu P20s
t6ng s6 nhung chua nghién cru sdu hon vé loai b P dong két tua trong PG.

Trong bd PG nha may san xuét axit HsPOs, photpho 1a chat con lai ctia qua
trinh tao H3PO4 nam trong banh loc PG va di ra bai thai thach cao photpho. Trong
PG, P,0s thuong ton tai & dang tan trong nudc, khong tan trong nude va dang dong
két tua.

Dang ton tai va do tan mot s6 dang mudi photphat trinh bay trong bang 1.4
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Cong thirc hoa hoc Do tan, g/l, 25°C -logKsp
Ca(H2P04)2.H20 18 1,14
Ca(H2P0a4):2 17 1,14
CaHPO4.2H.0 0,088 6,59
CaHPO4 0,048 6,9
Caz(PO4)2 - 25,2
Cas(PO4)30H 0,0003 58,4

Theo Aliedeh, cac dang ton tai cia photpho trong PG c6 thé phan thanh dang
hoa tan va dang khong tan xuét hién ¢ cac dang cong thic héa hoc Caz(POa)z,
CaHPO4.2H-0, Ca(H2P04)2 [61].

Theo Manjit Sign (2002), P.Os dinh & bé mat cua tinh thé gypsum (HsPOu,
CaH2(P04)2.H20) 1a dang tan trong nudc trong khi P20s ton tai & dang CaHPO4.2H,0
1a dang kho tan khi rira nuée don thuan.

Theo Mashifiana, P.Os ton tai ¢ cac dang HsPOs4, Ca(H2P04)2.H-0,
CaHP04.2H20 and Cas(PO4), [40].

Theo Kaziluis, phan loai photpho trong PG thanh cac nhom hoa tan, khé tan va
khong tan [66]. Kybartiene phan loai twong ty. Mohammad A. Aliedeh and Nabeel
AlJarrah cling cé cach phan chia photpho trong PG tuong ty [61, 67]. Trong do dang
photpho hoa tan ciia PG 1a cac dang photpho tan dugc trong nuéc gom HsPOs,
Ca(H2P0a4)2.H20 [66]. Dang photpho kho tan trong PG la dang photpho bi cai trong
mang tinh thé gypsum gém CaHPO4.2H20, ¢6 anh hudng it dén vira [24, 55, 66]. Dang
photpho khong tan trong PG gdm CasPO4 va Cas(PO4)3OH [68], theo Kaziluis cac dang
photpho khong tan khong anh huéng dén vira tuy nhién vé 1au dai cac dang khong tan
van anh hudng dén vira xi ming [66].

Photpho c6 thé 6xy hoa thanh cac mudi photphat va axit photphoric. Axit
photphoric c6 thé dé dang tin cong bé tong theo cach twong ty nhu axit nitric hodc
axit clohydric [69]. M6t lwong nhé photpho pentoxit (P20s) dua vao xi mang déu c6
c6 thé gay ra rac r6i. Ham lugng P2Os trong xi ming podcling c6 ham lugng thuong
chiém 0,2 %; tuy nhién, xi mang dat yéu ciu co thé dugc san xuit tir xi ming clanhke

chtra dén 2,5 % P,0s [69]. Xi ming pooc ling khong c6 kha ning chéng lai sy tan
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cong cua axit. Mirc do tan cong ting 1én khi ndng d6 axit ting, sy tin cong xay ra &
gia tri pH dudi khoang 6,5, d6 pH nho hon 4,5 dan dén sy tdn cong nghiém trong.
Téc do tan cong ciing phu thude vao kha nang khuéch tan ciia cac ion hydro qua gel
xi ming (C-S-H). Photphat c6 ¢ dang photpho axit s& 1am cho vat liéu gbc xi mang
Pboc lang phan huy cham. Axit photphoric ty do tim thdy trong supephotphat, tin
cong xi mang, bé tong va tao thanh canxi photphat [69].

R.W. Nurse da nghién cru anh huong cua P20s dén qua trinh nung xi ming
pooc ling clanhke, sy khoi dong va dong ran cua xi mang san pham. Ong chi ra rang
P,Os tao thanh mét dung dich ran véi 2Ca0.SiO; cua xi ming clanhke va giam ham
luong 3Ca0.Si0z. P20s chiém dén 2,25% trong clanhke thi xi mang khong thé dap
mg dugc tiéu chuan caa Anh. Dit liéu thir nghiém trén bé tong da chung minh, xi
ming c¢6 P,0s cao bi anh hudng nhiéu hon xi ming binh thudng [70].

Eckel 1922 mé ta mot s6 thi nghiém lam xi mang tir da voi chira photphat. Ong
n6i hdn hop ban dau nghién rat tho va clanhke khong chay. Xi ming tao thanh chua
dén 2,25 % va 3,8 % P20s. Cac loai xi mang nay cé cuong lyuc rat thap va bi hong khi
tang lugng P20s [71]. Lea va Desch (1935) [72] cho rang khi lugng P2Os chiém 1-2
% trong xi ming pooc ling clanhke lam giam tc d6 1am cing cua xi ming. Va dang
quan tim nita 1a P,Os dang hoa tan dua vao xi ming c6 thé c6 anh hudng tiéu cuc dén
céc tinh chat cua xi mang [72].

Nghién ctru xir Iy va tang cuong kha ning tai ché PG trong linh vuc xay dung
va tong hop, tai ché vat liéu van ludn thu hat sy quan tAm cta rat nhiéu nha khoa hoc
trén toan thé gidi va tai Viét Nam [2, 4, 6, 7, 73] nhung viéc xir Iy va tan dung ba thai
PG tai cac nha may phan bon trén thé gisi va tai Viét Nam vin dang 1a van dé thach
thire, do vay can tiép tuc nghién ctru co sd khoa hoc qué trinh xir 1y ba thai PG va tan
dung PG nha may phan bon tai Viét Nam vao lam vat li¢u xay dung.

1.6. Nghién ciru trong nwéc vé ing dung va xir ly PG

MGt s6 nghién ctru (ng dung, xir 1y chét thai PG tai Viét Nam dung trong nong
nghiép [7], va trong xay dung [6, 7, 74-81]. Ba thai PG chwa xur 1y con nhiéu tap chat
P, F lam anh hudng dén tinh chét co 1y ctia xi mang. Nhom nghién ctiu ciia TS. Vin
Viét Thién An [80], Cao Chi Hao di danh gia anh huong cua chung loai va ham lugng
thach cao photpho cta nha may DAP Dinh Vii dén tinh chit co Iy cta xi mang. Cac

nghién ciru d6i chiéu véi thach cao thién nhién, cho thay khi ding ba thai PG, luong
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nudc tidu chuan giam, thoi gian dong két va cuong do chiu nén & tudi 3 ngay ting lén
khi ting lwong thach cao dung trong xi mang. Luong tap chat P2Os, F hoa tan trong
thach cao photpho 1am giam luong nudce tiéu chuan, giam cuong do nén ¢ tudi Sém va
kéo dai thoi gian déng két cua xi mang [77]. Nhém nghién ciru ciia Dao Ngoc Nhiém
ding (NH4)2(SO4) trong xir Iy PG 1am phu gia xi ming, véi hiéu suét loai bo P2Os 1a
29,4% [74], sau d6 dung V4343 dé loai bo silic 1am nguyén liéu dua vao tim thach cao
theo quy dinh 393/QD-BXD [74]. Nhém nghién ciu cua Thai Hoang, Nguyén Vii
Giang nghién ctru bién tinh hitu co photphogyp tao vat liéu composit polyethylen-
phosphogypsum bién tinh, tng dung lam 6ng nhwa ctiing sir dung trong mét sb linh
vuc k¥ thuat [78, 79, 82] . Luan an nay tap trung vao hudng nghién ctru loai photpho,
photpho dong két tia va tap chat khac trong PG cta nha may DAP Pinh Vil - Hai
Phong véi tac nhan axit H2SO4 - nguyén liéu san c6 tai nha mdy, thu thach cao sach
lam phu gia xi ming, va cacbonat hoa chat thai PG nha may DAP1 thu nhan vit liéu
CaCOs kich thudc nanomet, micromet véi dinh hudng ung dung lam phu gia xi mang.

Ham lugng SiOz trong PG Viét Nam c6 ham lugng tir 10-16% cao hon so véi
ham luong silic trong mot s6 loai ba PG nghién ctru trén thé gigi. Viéc giam ham
luong silic trong thach cao nhén tao dé dap umg yéu cau 1am nguyén liéu thach cao
cho tim thach cao doi hoi chi phi ton kém va it kinh té, nén trong pham vi luan an
dinh hudng nghién ctru tai st dung PG lam phu gia xi mang. Nghién ctru co s¢ khoa
hoc xir Iy PG lam phu gia xi mang, vat liéu nano, micro CaCOs, gop phan ting cuong
khuyén khich st dung thach cao nhan tao, khuyén khich doanh nghiép trong cac hoat
dong xu 1y chat thai ran theo yéu cau cia Thu tuéng Chinh phi quyét dinh sé
1696/QP - thi tuéng nam 2014 vé mot s6 giai phap thuc hién xt 1y tro xi, thach cao
ctia cac nha mdy nhiét dién, nha may hoa chat phan bon dé lam nguyén liéu san xuat
vt ligu xay dung. Nghién ctrtu mong mudn gép phan giam thiéu phat thai ba thai PG,
giam thiéu dién tich bai chon 1ap, déng thoi cho thiy tiém ning giam phat thai khi
nha kinh (COy) trong xtr 1y PG.
1.7. Cacbonat h6a PG thu nhan nano, micro CaCO3
1.7.1. Tinh chdt ciia CaCOg3 va cdc nghién ciru tong hep nano, micro CaCOs

Canxi cacbonat 1a mot trong nhimng héa chat pho bién trén trai dat véi cong
thirc héa hoc 1a CaCOs. Khéi lugng riéng ciia CaCO3 khoang 2,6 - 2,83 g/cm?, tich

s6 tan cia CaCOs trong nudce 1a Tn = 0,87x10°8 & 25°C. Canxi cachbonat ton tai trong
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tu nhién ¢ cac dang khac nhau nhu: aragonit, canxit, ¢ phan, da voi, cam thach hay

d4 hoa va travertin. Aragonit va canxit 1a 2 dang ph bién caa canxi cacbonat.

Hinh 1. 3. Anh SEM ctia mot s6 dang tinh thé CaCOs
(A) canxit vo dinh hinh, (B) canxit phan 16p rhombohedra, (C) vaterit hinh cau, (D)
aragonit hinh kim [83]

Bang 1. 5. Céac tinh chat vat 1y, hoa 1y cuia canxit

bic trung Pon vi Gia tri

Hé cau triic - Ta phuong
Mau sic - Tring, vang, do
bo cung H (B6 cttng theo Mohs) 3
Ty trong g/cm3 2,7102

S6 phan tur thudc mot 6 mang z = 6; a = 4,9896;

Thoéng sd & man
8 b b=4,987;c=17,061; o= 90% B=90°;y=1 200

Chi s6 khtc xa o =1,486; ¢ = 1,658

Canxit d& tim thay trong ty nhién, 6n dinh hon cac dang da hinh khac & nhiét
d6 moi truong va ap suat khi quyén. Canxit 13 dang 6n dinh va phd bién nhét cua
canxi cacbonat, canxit c6 cac dang hinh thai hoc khac nhau nhu: hinh khoi, lang try,
tam giac. Cac dang hinh khdi va hinh lang tru dic biét hitu ich trong cac tng dung
nhu phu bé mat caa vat liéu va 1am ting d6 bén va cham trong vat liéu nhya. Canxit
dang tam giac c6 (ng dung tét khi sir dung lam chat don cho gidy, nhua va cao su.
Do ¢6 hinh dang dac biét nén c6 kha nang tan xa anh sang hiéu qua va lam giam do

bong, tang 6 mo khi st dung trong mang son.
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Canxit 1a mot khoang 6n dinh hon aragonit nhung & diéu kién nhiét do, ap suat
thich hop hoic c6 cac diéu kién hoa hoc dé wc ché qua trinh hinh thanh canxit thi lic
nay cac tinh thé aragonit dwoc tao thanh. Vaterit 1a dang khong 6n dinh nhit cua
CaCOs. Aragonit kém bén hon canxit va thuong dugc tim thay trong cac sinh vat bién
va la dang canxi cacbonat 4p suét cao.

CaCOs co tinh chit dic biét khi giam kich thudc tinh thé cia ching xudng
duéi kich thuéc 1um, bao gom cac tinh chét co hoc, quang hoc; dién tich bé mit va
hoat dong hoa hoc cao. Trong sb rat nhiéu vat liéu nano dugc tong hop, CaCOs 1a
mét trong nhitng vt liéu hitu ich va phong phu nhét. Do d6, nano CaCOs c6 rat nhiéu
ung dung.

Theo thu vién tra cau Questel, vdéi tor khoa “nano CaCOsz from
phosphogypsum” trén thé gigi hién c6 26 phat minh dwoc cap bang trong d6 50%
sang ché str hitu boi cac nha nghién ciru hang dau.

8

7

6

S6 lwong sang ché
o

2000 2003 2006 2009 2012 2015 2018
Nam
Hinh 1. 4. Xu hudng cong nghé dieu ché nano CaCOs tir ba thai PG

Xu hudng dau tu cong nghé gan day vé diéu ché nano CaCOs tir ba thai PG,
thiy xu huéng nay nghién ciru manh nha tir nim 2007-2008, va phat trién khong
nhiéu, nhitmg nim gan day dang bat dau né rd, sb luong diang ky sang ché linh vuc
nay khong nhiéu, cho thay ddy 1a thi trudng nghién ctru con tiém ning va méi. Mot
s6 phuong phap nghién ciru tong hop CaCOs kich thudc nanomet, micromet sau:
Phuwong phap suc khi CO2 véi NH4*

Nano CaCOs thu nhan tir ba thai thach cao photpho thong qua phan ng gitra
khi (CO2)- 16ng (NH3z-H20)-ran (PG), miéu ta téng quat qua phuong trinh:
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CaS04.2H,0 (ran) + 2NH4OH (dung dich) + CO2(khi) = CaCOgz (ran) + (NH4)2SO04
(dung dich) + 2H.O (12)

Bi thai PG va nudc cat dé ion khudy theo ty 18 1:9—1:7. HOn hop bun thu dugc
sau d6 duoc tron véi mot luong amoni hydroxit nhat dinh; ty 16 mol cua amoniac so
V6i SO42 12 2,3 dén 2,5. CO2 dang cac bot khi dua vao hé thi nghiém. Theo ddi va
do pH dung dich bang may do pH. Khi pH dung dich dudi 8, dirng phan tng, loc va
say kho ba thu bot CaCOs. Khao st cac yéu td anh huong bang cach thay ddi nhiét
d6 phan ung, tbc do dong COy, thoi gian phan tng, ...dén hinh dang, kich thudc va
tinh chat CaCO3[84].

Phwong phap vi nhii twong nguwgc

Piéu ché hai nhil twong nguoc ciia dung dich CaCl, va Na2COs bang cach tron
cac chat hoat dong bé mat (toluene) vao mot lwong nhit dinh dung dich CaCl, hoic
Na2COs [85, 86]. Quan sat thay hé nhii twong c6 mau trang duc, khong co su phan
tach giita cac pha thi vi nhii twong di duoc hinh thanh. Sau d6 tron 1an hai loai vi nhii
twong véi nhau dé tién hanh phan (ng tao nano CaCOs. Theo ddi pH dung dich phan
g va két thiic khi pH giam xudng. Phuong phap duoc miéu ta tong quat béi phuong
trinh sau: Na,COj3 (l6ng) + CaCly (I6ng) = CaCOs (rin) + 2 NaCl (Iong) (13). Sau do,
tach cac hat nano canxi cacbonat bang cach ly tam. Trong 6ng ly tam ton tai 3 pha.
Pha ¢ giira dugc bao quanh bai cac hat canxi cacbonat dinh vao thanh cta 6ng. Pha
nhe Noi phia trén va pha niang chim xudng dudi dugc tach ra. Sau khi phan Ién tap
chat duoc loai bo, st dung hdn hop methanol/nude dé lam dung moi rira, cac hat nano
CaCOs duoc phan tan va tao thanh huyén phu. Say khé dung dich thu nano CaCOs.
Sau d6 bién d6i bé mit nano CaCOs bang axit stearic.

Phwong phap két tia trong trudong cao

Nguyén 1y co ban cua phuong phap két tia trong truong cao 14 cac chét tham gia
phan g tiép xtc voi nhau trong khoang thoi gian rat ngan, ¢& micro gidy nhd tée do
khudy tron vi mé cuc nhanh, phan tng két tia xay ra trong méi truong trong luc cao [4].
Phwong phap ché tao nano CaCOs bién ddi bé mit sir dung sodium stearat va
stearic axit

Trong nghién citu cua Tran Pai Lam va cong su, natri stearat duoc sir dung
nhu chat chéng két tinh dé 1am giam kich thudc hat, sau d6 sir dung axit stearic dé

1am bién tinh va thay d6i bé mat hat [87]. Ban dau dwa tripolyphotphat vao dung dich
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Ca(OH)2, hdn hop thu duoc dem phan tng véi hdn hop khi gdm 35 % CO2 va 65 %
N2, dong khi dugc di tir dudi 1én véi tdc do khong doi & nhiét do phong, toe do khuay
nhanh. Khi pH cua dung dich trong khoang 7,0 - 7,5 thi két thiic qua trinh phan @ng.
Sau d9, natri stearat dugc thém vao hon hop va khudy. Loc hdn hop phan &ng va siy
kho & nhiét do cao trong vai gio thu CaCOs.
1.7.2. Cdc yéu té anh hwéng dén téng hep nano, micro CaCOs

Bi thai thach cao photpho 1a chat thai cong nghiép trong thanh phan c¢6 chira
nhiéu loai tap chit khac nhau va s& anh huéng dén qua trinh tao ra hat nano CaCOs.
Trong cac nghién ciru gan day da chi ra rang, P20s c6 mit trong PG 1am cho kich
thudc trung binh cua hat tang 1én. Tuy nhién qua trinh tach P2Os ra khoi ba thai PG
cling lam xuét hién thém céc hat 16n. Do céc tinh thé CaCOs 16n hon 214 nm c6 kha
nang hap thu P,Os 1én bé mit caa chung va 1am cho céc hat c6 kich thuéc 16n hon
[84].

Nong do dau vao ctia Ca(OH) ting 1am cho phan tmg kéo dai. Viéc kéo dai
thoi gian phan tng co6 thé din dén kéo dai thoi gian phat trién cac tinh thé va lam ting
kich thudc hat [4, 84, 88]. Ti l1&é [OH]/Ca?* giix ¢ 2,1 cao hon so véi ti I&é phan (ng
cta phuong trinh hoa hoc [89].

Shang Quing Lu da nghién ctru trong qua trinh suc khi CO», tang nhiét 46 phan
tmg 1am cho ndng d6 Ca?* trong dung dich ting 1én do su hoa tan tét hon & nhiét do
cao. Tir d6, thoi gian phan tng dugc rat ngan va lam giam kich thuéc trung binh cua
hat [84].

Téc do suc khi CO2 1a mét trong nhitng yéu té quyét dinh dén thoi gian phan
tng va kich thuéc cua hat. Ciing theo tac gia, toc do CO; ting lam giam thoi gian
phan tng. Tuy nhién, tdc d6 CO2 c6 lién quan mat thiét téi nhiét do phan tng va anh
hudng dén kich thuéc hat. Tdc do suc khi tang gitp thic day qua trinh phat trién tinh
thé hon 14 thiic ddy qua trinh tao mam [84].

Nhin chung, viéc ché tao nano CaCOs dang dugc nghién ctru nhiéu trong 10
nam trd lai ddy. Tuy nhién do thanh phan tinh chat ba thai PG khac nhau, sy phuc tap
trong qua trinh tong hop vat lidu nano, micro dac biét 1a tong hop vat lidu tir nguon
chat thai cong nghiép nhu PG, nén viéc sir dung b thai PG dé thu nhan nano, micro

CaCO;3 van con la van d& mai can tiép tuc nghién ciu.
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1.7.3. Tiém ning ing dung CaCOs vio cdc nginh cong nghigp, xdy dung

Nano CaCOs 1a mét trong nhirng loai vat liéu nano quan trong trong san xuét
vat liéu xdy dung va cac nganh kinh té. Nano CaCO3 duoc sir dung 1am chat don
trong nhiéu linh vuc vat liéu xay dung chat luong cao, trong san xuat cao su, giay,
nhya, my pham va y té, dic biét trong cac cong trinh xay dyng do tinh chat min, phan
tan tot, tinh co 1y cao, d& gia cong ting dic tinh chiu lyc, in mon cho san pham [51,
84, 89-91]. Pic biét nano CaCOs tir chat thai thach cao dap tng nhu cau phat trién
cong nghiép xanh giam phat thai khi nha kinh, tai tuin hoan vt chat, tiét kiém ning
lwong, vt liéu c6 kha ning chdng chiu thoi tiét, kha ning chiu va dap an mon, chiu
nhiét, do déo dai cao trong diéu kién nhiét 6, méi trudng xam thuc khic nghiét nén
nano CaCOj3 san xuat tir ba thai PG hién dang dugc quan tdm nghién ctu.

Trén thé gidi co My, chau Au, Nhat Ban, Pai Loan, Trung Qudc, Han Qudc 1a
noi san Xuat va tiéu thu nano CaCOs 16n nhat, vuot xa cac nude khac vé cong nghé
cling nhu san luong. San pham thwong mai - nano CaCOs duoc san Xuit theo cic
phuong phap: két tiia hoa hoc dang uét, cacbonat hoa cham, suc khi va hé nhii tuong
dung moi dao. Thi truong nano CaCOs toan cau 1a 4,32 ty USD va tang trudéng hon
8,8 % nho nhu cau ting trong nganh vat liéu xdy dung va cic nganh cong nghiép
khac, dic biét dé phat trién san pham keo, vita dan, vat liéu xay dung.

Nhiéu nghién ctru va thuc té sir dung nano CaCOs ting cing cho bé tong.
Jessica Camiletti [92] nghién ctru st dung nano CaCO3 (97,5% CaCOs3) vao bé tong
hiéu ning cao UHPC 6 ti 16 2,5; 5; 10, 15% cho thdy nano CaCOs dong vai tro 1a chat
thuc ddy qua trinh on dinh va lam ciing cia bé tong UHPC, chitng minh hat nano-
CaCOs trén bé mat da voi hoat dong nhu hat nhan két dinh xi mang, lam cho kich
thudc cac tinh thé hydroxit canxi nho hon, dan dén vi ciu trac day dic hon. Huashan
Yang nghién ctu hiéu tng nano- CaCOs dén dic tinh co ban cua vira xi ming va bé
tong qua phan tich nhiét quét vi sai, phan tich nhiét, hién vi dién tor quét minh chirng
anh hudng cua nano CaCOs tdi qua trinh hydrat hoa vat liéu xi mang [51]. Chen va
cong su minh chirng nano CaCOs tang do chiu nén cua xi mang ca khi tang ty 1€ tro
bay [91]. B6 sung nano CaCOs lam cai thién cudng d6 nén cua vat liéu ¢ giai doan
dau va cudi.

Chua c6 cong trinh nao lién quan dén nghién ctu thu nhan nano, micro CaCOs

trong xir Iy ba thai PG cua cac mdy san xuat phan bon (DAP 1- Pinh Vii — Hai Phong
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va DAP2 — Lao Cai). Trong Luan an, trinh bay nghién ctru st dung PG da tach tap va
ddng xir 1y tach tap cacbonat hoa dé thu nhan nano, micro CaCOs quy mé phong thi
nghiém bang phuong phap trung hoa suc khi san pham thu nhan dinh huéng tng dung
lam phu gia xi mang, vat liéu trong cong nghiép xay dung.
1.7.4. Vai tré ciia CaCOs cdc chit héa hoc trong Viva xi méng, bé tong
Co ché hinh thanh Ettringit (AFt)
San pham Ettringit (AFt), 1a mot trong nhitng yéu té quyét dinh chinh cua tinh chat
hydrat héa va tinh ning cia xi ming pooc ling & giai doan dau, thoi gian dong két
ban ddu va cudng do sém cua hd xi ming da dong cing [93].

Ettringit hinh thanh khi c6 su ton tai cua thach cao, khi c6 mat cac ion SO4Z,
trong ho xi mang. Khi hét cac ion SO42, Ettringit s& phan @ng véi khoang tricanxi
aluminat (C3A) con lai trong hd xi ming, bat dau chuyén hoa thanh hydro canxi
monosulfo aluminat (AFm).

Ettringit tao ra rat nhanh sau khi xi ming cac mau vat duoc tron véi nude, tac
la khoang vai phut sau khi dao tron. Ham lugng Ettringit ting 1én nhanh chéng trong
hd xi mang & thoi diém dau caa qua trinh hydrat hoa, diéu nay cho thay rang khoang
chat CsA va thach cao trong xi mang phan mg nhanh chéng sau khi tron véi nude va
cac tinh thé Ettringit két tua ngay lap tire. Luong Ettringit dat mic t6i da trong khoang
24 gio. Sau d6, luong AFt bit dau giam. Sy giam ham luong Ettringit 1a do can kiét
thach cao ran co6 san trong qua trinh thiiy héa xi miang, CaSO4 bat dau nhanh chong
loai bo khoi dung dich, [Ca%*] va [SO4%] giam manh, céc tinh thé AFt duoc tao ra bat
dau phan Gng véi canxi aluminat (hydrat) dé hinh thanh hydro canxi monosulfo
aluminat (AFm), vi vay ham lugng Ettringit tiép tuc giam trong khi qué trinh hydrat
hoa xi mang tiép tuc dién ra.

Kich thuéc va hinh thai cua tinh thé Ettringit c6 thé khac nhau, tinh thé
hinh kim dién hinh, AFt ciing c6 thé c6 dang hinh cau, hinh khéi ling tru hoic
trong cac cum.

Vai tro cuia CaCOs dén Vira xi mdng, bé tong

Hai phuong phap thudng dugc dung dé dua CaCOs vao bé tong podc ling

thuong (OPC). (1) Cach tht nhat 1a dua CaCOs vao clanhke podc ling chua nghién,

sau d6 nghién cing clanke thanh bot min. Xi mang nay thuong duoc nghién téi kich
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thudc min dé tang toc do thuy hoa va phat trién cudng lyc cia bé tong. (2) cach thir
hai 1 tron truc tiép bot CaCOs vai clanhke pode ling min.

Céc nghién ciru cho thay rang, d4 voi min (CaCOs) c6 thé sir dung dé thay thé
mot phan xi mang podc lang (OPC): Vi du, ASTM C150 chi ra rang dén 5% OPC c6
thé thay thé bang bot CaCOs, trong khi ASTM C595 cho phép dung bot CaCOs chiém
dén 15 % trong xi mang podc ling. Bot CaCOs khong chi tao mam tinh thé dé thay
héa xi ming, ma con phan wng mot cach gidi han véi cac mudi aluminat trong xi
mang pooc lang [94].

Khi dua bot min CaCOj3 vao bé tong tao ra bé mit bd sung dé tao mam va phat
trién cac san pham thiry hoa cua xi mang. Do d6, thic day sy thuy hoa xi mang va
thuc day phan b theo dién tich bé mit cta cac loai bot da voi.

Céc hat siéu min c6 thé tao nhiéu mam tinh thé hon cac hat tho va to. Hon nia,
bot da CaCOs siéu min co thé lap cac khoang trong cua bé tong tao thanh va do do
t61 uu hoa dic chic vi cau trac [94]. B6 sung CaCOs dang canxit co thé tao ra nhiéu
AFt va AFm duoc thay thé boi hemi-cachonat. Su tao thanh ettringit tao ra nhiéu san
pham ran va giam do rong cia bé tong thiy phan do su gidn nd thé tich cua ettringit
I6n va do d6 ting cuong lec bé tong. Bang cach dua vao hemi cachonat va mono
cacbonat, né ¢o thé tri hodn su chuyén hoa ctia AFt thanh AFm [94].

Hau hét cac nghién ctiru cho thay ring bé tong cimg hon sau khi bd sung bot
min CaCOs [92, 95, 96]. Nehdi va Mindess [96] cong bd rang dung 10% bot min
CaCOj3 trong xi ming podc lang cai thién cuong lec cua vira & tudi sém, tuy nhién
mat cudng luc dang ké xay ra khi st dung trén 15% bot CaCOs. Nghién ctru cho thay,
CaCOs kich thuéc micromet c6 anh hudng lam cai thién tinh chat co 1y ciia bé tong
hiéu ning cao thong qua ting cudng ti khdi cua hat [95].

Hat CaCOs kich c¢& nanomet thir nghiém trong bé tong cho thay anh huéng cua
céc hat kich thitoc nano cua CaCOs (kich ¢& 14 - 45 nm) dén biéu hién cua vira i
mang [8]. Phat hién thay luong t6i uu cua nano CaCOs 1a 1%. Ca cuong do nén va
cuong d6 udn cua vira xi mang cé thé cai thien [97].

Str dung bot CaCOs min du ¢6 nhiéu lgi ich nhung viéc stir dung CaCOs trong
bé tong con han ché do ti 1¢ thay thé vat liéu trong bé tong thap. O ti 1¢ thay thé cao
hon (trén 10 — 15% xi ming pdoc ling), hau hét bot min CaCO3 bét hoat, va cudng

do giam do hiéu rng pha loang cua bot CaCOsa.
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Kich thudc hat dong vai tro quan trong trong thay doi cong nghé bé tong: kich
thude cang nho, cai thién tinh chit co 1y cang tdt. O kich thuéc hat ¢& nanomet, do
s tiép xuc rong hon giita cac hat va ma tran xung quanh, khién vat liéu co tinh chat
t6t hon so véi cac vat liéu thong thuong. Cac hat nano 1am dong dic cau tric vi mo
va ving chuyén tiép giao dién, do d6 giam d6 tham, ting d6 bén viing cua composit
[98, 99].

Cac hat nano dong vai tro la tac nhan hoat dong trong thiy hoa xi mang, do do
thuc day tdc do thuy hoa [92, 99]. Su thiy hoa xi ming xay ra khi xi ming hoic cac
thanh phan pha cua né bi tron véi nudc. Cac pha chinh c6 mit trong xi ming 1a CsS
(tricanxi silicat), C>S (dicanxi silicat), CsA (tricanxi aluminat) va CsAF ( khoang ferit
canxi). Su thity hoa ciia CsS va C,S tao ra Ca(OH)2 va CSH, Véi céc tinh chat cua gel
ctng tao ra cuong luc cho vat liéu xi mang [100].

Cdc nghién ciru cho thay danh huéng cia CaCOs NPs lam ting citng xi méng, bé
tong

Nghién ctru cia WuZ [101] nghién ciru anh huong cua cac ham lIugng nano
CaCOj3 va nano SiO; khac nhau dén kha nang chay, nhiét thay hoa, tinh chat co hoc,
su thay doi pha va ciu trac 16 réng cua bé tong cudng do siéu cao. Ham lugng nano
CaCOs tir 0 % dén 6,4 %, nano SiO, tir 0,5 % dén 2 % khéi lugng chat két dinh. Ham
luong tdi vu dé tang cuong do bén nén va udn 1a 1,6 % - 4,8 % nano CaCOs va 0,5
% - 1,5 % nano SiO2. Nano CaCOs cha yéu phan tng véi CsA tao thanh
cacboaluminat trong khi nano SiO2 phan tng véi Ca(OH)2 tao thanh C-S-H. Ca nano
CaCO3 va nano SiOz déu thé hién hiéu tng tao mam va lap day va dan dén ciu trac
it xdp hon va dong nhat hon.

Nghién ctru caa Yanqun Sun [102], tron nano CaCOs vao tro bay dé cai thién
tinh ning co hoc cua bé tong, ham lugng nano CaCOs 1-3 % khéi luong xi ming, tro
bay 15 — 25 %, ti 1& nudc/chat két dinh 12 0,4 ¢én 0,6. Ti 1é tron tdi vu 1a ti 16 nude/chat
két dinh 0,4; tro bay 20 %, nano CaCOs 1 %. Két qua nghién ctru trén kinh hién vi
dién tir quét SEM cho thay hiéu ¢ng tao hat, hiéu tng lap day va hiéu ung pozzolanic
gop phan cai thién hiéu suat bé tong [102].

1.7.5. Tiém néng ditng PG thu gii CO>
Khi nha kinh phat thai tir 10 san xuit xi mang 16n va chiém khoang 8% phat

thai CO2 toan cau. COz phat thai 1a san pham phu ctia qua trinh san xuat clanhke. CO;

cling phat thai trong suét qua trinh san xuat xi mang do qua trinh dét nhién liéu héa
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thach. Nhan thay can quan tim dén moi trudng, can nén cong nghiép phat trién cac
phuong thic giam mirc d6 6 nhidm nguy hai do viéc dbt nhién liéu héa thach trong
san xuat xi mang. PG 1a mot trong cac lwa chon cung cap nguyén liéu thay thé cho xi
ming. Nghién ctru trong linh vuc nay thu hat nhiéu quan tim do kha ning phat trién
huéng téi kinh té tuan hoan trong cong nghiép xi mang.

Viéc giam luong khi thai CO2 do con ngudi tao ra la mdt thach thirc véi toan
thé gidi. Tuy nhién, chi phi thu giit CO2 Vin cao dic biét 1a chi phi cta chat hap phu
CaO tong hop, can tré sy phat trién & quy mé cong nghiép. Dé khic phuc van dé nay,
c¢6 thé dung bi PG nha may phan bon lam vt lidu c6 1ap CO,, nhung kha ning hap
phu thap, gay ra bai nhiing ciu triic vi mé vén c6 va van khong dat yéu cau. Co s
qua trinh bao gém cac phan ung trong d6 ion canxi phan ung véi CO2 dé tao thanh
khoang chat cachbonat 6n dinh. Viéc sir dung PG 1am ngudn canxi dé san xuat chat
hap phu CO; khong chi cho phép tai sir dung chat thai ma con cung cap mot cach tiép
can tiém nang moi dé cit giam chi phi cua chat hiap phu CO,. Cardenas-Escudero va
cong su da khang dinh rang co thé chuyén toi 96% canxi trong PG qua CaCOj3 thong
qua quy trinh hai budc don gian bao gom sir dung NaOH hoa tan PG va cacbon hoa
dung dich thu dwoc [89]. Tuy nhién, nhém nghién ciru khong bao céo vé khia canh
kich thudc hat cia CaCOs. Co 1ap CO2 thong qua qua trinh cacbonat hoéa PG 1a mét
cach tiép can day htra hen cho van dé quan 1y va nim bat CO; vinh vién va an toan.
Két ludn téng quan

(1) Ba thai PG luu trit va ton dong véi khéi lwong vo cung 16n & trén thé
gi6i ciing nhu tai Viét Nam, PG duoc tan dung lai trong mot sé linh vuc nhung
chu yéu 1a tap trung 1am vat liéu xay dung. Cac nghién ciu vé xt 1y PG lam vt
liéu xay dung véi cac giai phap cong nghé khac nhau nhung khdi luong PG van
con ton dong rat 16n. Cac hudng st dung tryuc tiép PG vao vat liéu xay dung chua
loai bo tap chat va photpho ddng két tua trong PG 1am anh huéng dén qua trinh sir
dung. Ti 1é tiéu thu PG con han ché duéi 15% do sy ton tai cia tap chat trong d6
cd P20s tong sé va dong két tua trong PG 1am anh huéng dén qua trinh thiuy hoa
vita xi mang. Cong nghé xir Iy chét thai PG chua dong bo ¢ cac nha may nén gay ra
mot so tinh chét co 1y khong 6n dinh vira va bé tong xi mang st dung thach cao.

(2)Tap chat ton tai trong PG lién quan dén ngudn quing apatit dau vao, ché do

van hanh cong nghé trong nha may nhu nhiét do van hanh lién quan dén qua trinh
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chuyén pha cia CaSOs tir Dihydrat (DH) sang hemihydrat (HH) hoic anhydrat (AH),
qua trinh loc bd PG, va qua trinh luu trit PG trén bai. Do d6 dé diy manh tiém ning
tng dung PG vao vt lidu xay dung, nghién ciru qua trinh xr 1y chat thai thach cao
ngay tai ngudn phat thai 1a rat can thiét.

(3)Céc hudng tng dung xir Iy PG 1am vat liéu xay dung Van con nhiéu han ché
vé cong nghé, nhién liéu va ning luong nén ti 18 tai st dung PG con thap. Vi vay van
phai nghién cttu cac phuong an xtr Iy PG thich hop, nguyén liéu sin c6. Cac ung dung
cua chit thai thach cao sau khi xu Iy chat thai loai bo cac tap chat P, F, chit hiru co,
kim loai ning, silic... thu hdi thach cao tng dung 1am phu gia xi ming, va chuyén hoa
sang nano, micro CaCOs 1am chét don trong cong nghiép va xay dung 1a c6 tiém ning
va can tiép tuc dugc nghién ciu.

(4)Céc tap chat trong chat thai thach cao photpho anh huéng dén tinh chét co
1y ctia xi mang, trong d6 quan trong nhat 1a chi tiéu photpho, ton tai dang hoa tan va
két tia trong tinh thé canxi sunphat. Photpho 1am kéo dai thoi gian dong két cua xi
ming anh huong dén tinh chat co 1y cua vat lidu. Ngudng cho phép ctia photpho tong
s6 trong PG khi dua vao vita, ho xi ming, thach cao ¢ trén thé gigi toi da 13 0,4 %
[62]; tai Viét Nam 13 0,7% [63].

(5)Co s 1y thuyét va thyc tién nghién ctu sinh da so sanh thay hiéu qua loai
bo tap chat photpho dong két taa trong ba thai PG khi str dung axit Xitric kém hon so
Vé6i str dung axit sunphuric, xitric ciing 1a mot chat lam anh hudng tinh chat vita xi
ming, va sunphuric 12 nguyén liéu sin c6 tai nha may san xuat phan béon DAP dap
g Vviéc dung nguyén liéu tai chd dé xur Iy chat thai tai nguén.

(6)Mb hinh thi nghiém nghién cttu thu nhan nano, micro CaCOs tir chét thai
thach cao theo phuwong phap suc khi véi sy theo ddi sy anh huong cua cac thong sd
téc d6 suc khi, ndng d6 Ca(OH)2 dau vao, nhiét 6 suc khi dén két qua thu nhan nano,
micro CaCOs trong diéu kién thi nghiém, cho thay kha ning giir CO, cua chat thai
thach cao photpho dong thoi tao ra vat liu CaCOs dwoc nghién ctu sinh tiép can va
ung dung trong nghién ctu.

(7)Tong quan 1y thuyét cho thy vai trd cua thach cao trong vira xi mang dé
lam tang d6 déo, do ciing, chat két dinh xi ming. Vai trd cua CaCOs nanomet,

micromet 14 tao mam va 1am ting cung vira xi ming, bé tong.
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(8)Nghién ctru cua luan an 1a can thiét dé chi ra sy ton tai vé dang photpho
dong két taa ¢ dang rat kho hoa tan trong nudc & ba thai thach cao, can hoa tach tap
chat nay vdi axit va can xir 1y tai nguon. Ba PG mai phat sinh di axit hoa dé dang
thuc hién cacbonat hod va la co s& cho viéc tao cac hat nano, micro CaCOs do
CaS04.2H20 va cac mudi canxi c6 do hoa tan tét hon trong moi trudng axit dé hoa
tach tap va cung cap Ca%* cho qua trinh cacbonat hoa va 1a co s khoa hoc dé khic
phuc trong viéc giai quyét van dé ba thai PG.

(9) Nghién ctru con gbp phan lam ting kha ning tng dung chat thai thach cao
photpho vao d&i séng, giam thiéu van dé chat thai, mé ra cac huéng nghién ctru vat
licu dé giai quyét nguon phé thai nay, nhu huéng nghién ciru vat liéu composit, cao
su, chat don voi nguon tir phé thai. Nghién ciru da dang héa cac (ing dung caa PG sau
xur 1y dé dua vat liéu vao doi séng 12 ¥ nghia va can thiét. Khai niém kinh té tuin hoan
con moi tai Viét Nam va dang dugc quan tim trén thé gioi, xir Iy ba thai PG gop phan
giam phat thai chét thai rin, giam khai thac tai nguyén thién nhién khéng tai tao va
tai ché PG vao lam phu gia xi miang gop phan thyuc hién theo quy dinh theo luat méi
truong Viét Nam diéu 142 nam 2020 va diéu 138, 139, 140 theo nghi dinh
08/2020/ND-CP.

Trong pham vi nghién ctru, thr nghiém cua luan an, luan an tap trung vao
nghién ctru Xtr Iy PG va tai tan dung ba thai PG sau xir 1y thu nhan thach cao lam phu
gia xi mang va CaCOs kich thudc nanomet, micromet dinh huéng (ng dung trong

nganh xay dung.
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CHUONG II. POI TUQONG VA PHUONG PHAP NGHIEN CUU
2.1. Poi twong
2.1.1. Péi twong nghién ciru

Dbi twong danh gia, khao sat: MAu ba thai PG cua nha may DAP1 méi phat
sinh trén day chuyén tai bang tai loc (PGmei DAP1), va miu ba thai PG 14y tai bai luu
chtra d6 sau 0,5 m dué6i bé mit (PGes DAPL).

Mau ba thai PG ctia nha may DAP2 1dy méi phat sinh (PGmei DAP2) va miu
ba thai PG trén bai luu chira (PGea DAP2).

Wt

PGmgi lay trén ddy chuyén-DAP1 Cac mau PG duoc gui vé phong thi
nghiém
Hinh 2. 1.a Anh bii chon 14p, PG mei, PGes nha may DAP1
Péi twong nghién ciru xtr 1y tap chat: Sir dung ba thai thach cao photpho bai
lra chira nha may DAP1 (PGe) dé nghién ctru x4c dinh céc thong sé tdi uu trong qua

trinh loai bo tap chat, tng dung 1am phu gia xi mang thir theo TCVN11833:2017 va
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thu nhan nano, micro CaCOs. Str dung ba thai thach cao méi phat sinh (PGmei) CUA
DAP1 nghién ctru qua trinh dong thoi loai bé tap chat va cacbonat héa PG.

2.1.2. Dia diém lay médu
Tai Céng ty C6 phan DAP Binh Vii — Mau PGmei DAP1: Iy trén day chuyén
san xuat 52% (HsPO,). Mau PG.; DAP1: Iy tai bai lwu chtra ciia nha may DAPI.
Tai DAP2 - Lao Cai -Mau PGmei DAP2: lay trén day chuyén san xuat 52%
(H3PO,). Mau PGe; DAP2: l4y tai bai luu chira cua nha may DAP2
Cdch ldy mau: Mau lay dai dién theo nguyén tic lay mau chét thai ran [103]. Mau
duoc dan nhin va bao goéi van chuyén vé phong thi nghiém.

So d6 nghién ctru chung cia luan an trinh bay trong hinh 2.1b

Léy mi bi thai PG5+ PGy DAPY, DAPY

l

Pliintch, énh gid ma
Nghién ciu loai bo P va tap chit Kb én PG ; DAP, Nehién cifu dong thd tich tap chat va cachonat hda PG,  DAPI
Toi r 1 Loai b photpho
Thiaghmmdvsau s 5 || Nt iy o i C200, Thi nghiém miu s 50 1
ol g ximingfeo kich thude nanomet, micromet Vi i ming
TCVNI1833:2017

Hinh 2.1b. So @b nghién ctru chung cia luan an

2.1.3. Héa chdt thiét bi nghién ciru
Hoba chat thi nghiém: Nudc cat, HCI, HNOs, H.SOs, NaOH, KHPOq,

NH4)sMO7024.4H,0, NH4VOs, BaCls, K2Cr20z, Mudi Mohr
FeSO4 (NH4)2S04.6H20, Na:COs hang phan tich. NaOH, CaO, CaCO3z hoa chat
thuong mai, khi CO2 ki thuat 99,9%, cat vang tiéu chuén IS0, thach cao thién nhién,

thach cao thu nhan sau xtr ly, xi mang pdoc lang, clanke.
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Dung cu thi nghiém: ta sy, thiét bi pha mau photpho tong sd, 16 nung, may
UVVIS 1800 Shimazu, can phan tich, pH Hana, bo canh khudy bién tan, may ly tim,
con tir va may khudy tir gia nhiét, binh khi CO,, thiét bi suc khi CO2, may khudy téc
do cao, sang rung. Pipet 1ml, 2ml, Sml, 10ml, binh tam giac 250 ml, 500 ml, 1000
ml. Binh dinh mac 25ml, 50ml, 200ml, qua bép, khudn db vira xi ming 40 x 40 x 160
mm.

2.2. Phwong phap nghién ciru
2.2.1. Phwong phadp xdc dinh ham luwgng P20s hoa tan

Mau dugce dao tron déu, dung phuong phap chia tu 1ay khoang 100 g, dung
cbi, chay nghién nho mau dé qua sang 0,25 mm. Rat gon mau bang phuong phap chia
tu 1ay khoang 50 g va nghién mau dén lot hét qua sang 0,1 mm. Tiép tuc dung phuong
phap chia tu dé lay khoang 12 dén 15 g mau nghién min trén cbi dén cd hat lot qua
sang 0,063 mm dung 1am mau phan tich hoa hoc. Lugng mau con lai bao quan trong
tai kin 1am mau luu,

Mau dung dé phan tich hoa hoc dugc say ¢ nhiét do (45 + 5) °C dén khéi luong
khong d6i, lam ngudi trong binh hat am dén nhiét d6 phong truge khi tién hanh can
dé thir nghiém.

Can khoang 1,0 g miu PG, chinh xac dén 0,0001 g, vao coc dung tich 250 mL,
thém nudc dén thé tich khoang 80 ml, khuiy trong 1h, sau d6 chuyén toan bo vao
binh dinh mac 100 ml Loc dung dich qua gidy loc, thu dich long dem so quang &
bude song 420 nm [63].

Ham lugng photpho duoc xac dinh theo phuong phap APHA 4500.P. Nguyén
tac ctia phuong phép 1a dua trén sy tao phirc mau vang cia PO4* véi vanadatmolipdat,
mau vang cang dadm ndng d6 photpho cang cao. KH2PO4 duoc dung lam chit chuan.

Ham lugng P20s, tinh bang phan tram (%) theo cong thuc:

P20s = i:—(l) x 100

Trong do:

m1, Mo lan luot 14 lugng P20s tim dugc trén d6 thi mau chuan va khéi luong
mau tuong @ng véi thé tich mau lay dé phan tich (gam).

Chénh 1éch (tinh theo gid tri tuyét ddi) giita hai két qua xac dinh song song
khong 16m hon 0,01%.
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Hinh 2. 2. Phuong trinh duong chuan phén tich photpho (mg/1)
2.2.2. Phwong phdp xdc dinh ham liwong P20s tong sé

Tham khao phuong phap phéan tich photpho theo TCVN8563:2010 va
APHA.4500.P [104, 105]

Can khoang 0,2 g mau cho vao binh Kendan, sau d6 thém vao 20 ml hon hop
axit (1 HNOs: 3HCI), ngam mau trong khoang 2-3 tiéng.

Cho binh d chira hdn hop miu va axit 1én bép pha mau va dun binh ¢ nhiét
d6 khoang 180 °C cho dén khi dudi hét khoi trang, dung dich c6 mau trong thi ding
lai (khoang 4 h). LAy binh ra va dé ngudi & nhiét do thudng. Cho thém 20 ml nuéc
cat. Loc dung dich qua giay loc d3 rtra bang nudc cat. Chuyén tat ca dung dich vao
binh dinh mic 100 ml, sau d6 dinh mirc dén vach roi lic déu. Thém vanadat-molipdat
va lac déu. DPé yén 15-20 phiit cho 6n dinh mau réi dem so quang & budc song 420
nm.

Ham lugng photpho theo phan tram khéi lugng (%) duoc tinh theo cong thic:

C
0 = X 100
o P m X 10 X 1000

Trong do:
C: nong d6 photpho do duoc (mg P/I)
m: khéi lwong mau da can (g)
10,1000 cac hé s6 quy doi
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Ham luong photpho tinh theo phan tram khéi lugng quy doi vé P2Os dugc tinh
theo cong thuc: % P,Os = % P x 2,291

2.2.3. Phwong phdp xdc dinh ham ém

Can khdi luong chén sir c6 chira mau. Sau d6 cho chén st d chra mau vao ti
sy, say ¢ nhiét do 105°C trong khoang 2 - 3 gid, lay ra cho vao binh hat 4m, dé nguoi
dén nhiét d6 phong sau d6 dem cén xac dinh lai khéi lvong. Lam lai véi diéu kién
trén trong 30 phut va can nhu vay cho dén khi dat khdi lugng khong doi. B6 am cua
PG thai duogc tinh bang cong thirc: W = (m¢— ms)*100/m
Trong do6:

m: va ms 14 khéi lwong mau va chén st trude va sau khi say (g);

m 1a khéi lwong mau dem di phan tich (g).
2.2.4. Phwong phdp xdc dinh ham lwong nwéc lién két

Ham luong nude lién két cia mau dugc xac dinh theo TCVN 8564:2011 [106].
Tién hanh gia cong mau va nghién min, lam khd mau & (45 + 3)°C cho dén khi c6
dugc khoi lugng khong d6i. Lam ngudi dén nhiét d6 phong tai binh hat am.

Say cdc nung & 215°C trong thoi gian khoang 2 gio, ldy ra lam ngudi ¢ nhiét
d6 phong, can chinh xac dén 0,0001 g va ghi lai khdi lugng (mo)

Can khoang 1 g miu di gia céng vao cbc nung, can chinh xac dén 0,0001 g va
ghi lai khdi lugng (m1). Chuyén khay vao ti sdy va say khay & nhiét d6 215 °C trong
2h. Sau khi sdy xong, chuyén khay vao binh hit 4m, 1am ngudi dén nhiét do phong
va can. Lap lai qué trinh cho dén khi thu duoc khdi lugng khong doi (my).

Ham lugng nudce lién két co trong mau tinh bang phan trim, theo cong thuc:

1

m; —m,
——= %100
m

H,0y =
1~ My

Trong do:
mo — khéi lugng cua céc nung (g)
ma — tong khéi luong cua cde nung va mau trudc khi sy (g)
m2 — tong khéi luong cua cdc nung va mau sau khi say (g)
2.2.5. Phwong phdp xdc dinh ham lwong SOs tong sé

Ham luong SO tong s cia mau duoc xac dinh theo TCVN 8564:2011 [106].

Str dung axit HC1 dé hoa tan mau, két taa ion SO4Z bang BaCl, trong méi trudng axit.
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Loc rira két tua tao thanh (BaSO4), nung va can. Tinh ham lugng SOz tir khdi lugng
dang can thu duoc.

Can 0,2 g mau, di duoc 1am kho & nhiét d6 45°C dén khi c6 duoc khéi lwong
khong ddi. Chuyén toan bd lugng can vao cde, thém 50 ml dung dich HCI (ti 18 1
HCI/ 5 H20). Pun s6i, thém 100 ml nuéc va tiép tuc dun séi trong 5 phat. Loc tach
phan can, rira can nhiéu lan bang nudc ndng cho dén khi hét axit (c6 thé dung gidy
quy dé kiém tra).

Pun s6i dung dich, thém tir tir dung dich BaCl2 10 % vao va khudy déu cho
dén khi khong con xuat hién thém két tia khi cho thém dung dich BaCl. Bé lang két
taa trong vong 4-6 tiéng sau d6 loc va rira két tia thu duoc bing nude nong.

Chuyén chén vao 16 nung va nung & nhiét do 800-900 °C trong thdi gian 20-
30 phut. LAy chén ra, lam ngudi trong binh hut 4m dén nhiét do phong va can. Lap
lai qua trinh nung cho dén khi thu duoc khdi luong khong doi (ms).

Ham luong SOz caa mau tinh theo phan trim, theo cong thic sau:

m m
—2  2%0,343x 100

%S0, == -
Trong do:

m1 — khéi lugng mau lay dé phan tich (g)

m2 — khéi lugng cia chén nung (g)

ms — khéi lugng cta chén nung c6 chira két tua (g)

0,343 1a hé s chuyén ddi tir BaSO4 sang SO3
2.2.6. Phwong phdp xdc dinh tong chét hitu co TOC

Tong chét hiru co cia mau xac dinh theo TCVN 8941:2011 [107].

Nguyén tic: Oxy héa chat hiru co bang dung dich K2Cr,07 trong moéi trudng
axit sunphuric (H2S04). Lugng K2Cr.07 du s& dugc chuan do bang mudi Mohr (chua
Fe2*).

Tién hanh thi nghiém: Can khoang 0,2 gam mau (chinh xac dén 0,0001 g) cho
vao binh tam giac 250 ml. Thém 10 ml K2Cr207 1 N. Thém nhanh 20 ml H>SO34 dac,
lic nhe. Pt binh tam giac trén tAm cach nhiét. Sau 30 phut thém 50 ml nudc cat va
5 ml H3PO4. DBé ngudi dén nhiét do phong (khoang 1 — 2 gid). Tién hanh twong tu VGi
mau tring (khong cho miu gyps vao). Chuan do: truéc khi mang mau di chuan do,

cho 3 ml Feroin. Ophenal trorin. Sau d6 chuan d6 bang dung dich mubi Mohr 1N.



39
Dung dich s& chuan mau tir xanh thAim sang do, & gan thoi diém tuong dwong mau
xanh cua dung dich nhat dan réi khi cho thém mudi Mohr vao thi dung dich chuyén

VX (a—b) X 3x 100 X 100 XK
a X75 X1000 XM

han sang mau d6 % OC =
Trong do:
+ V: Thé tich K2Cr207 (ml), + a : thé tich mudi Mohr mau trang,+ b : thé tich
mudbi Mohr mau can xac dinh, + M : khéi lwong mau mang di phan tich, + 3 : duong
lwong gam cua C, + K: hé sé chuyén d6i tir mau ban dau sang mau kho tuyét ddi, +

100/75 : chi c¢6 75 % cacbon hiru co bi oxi héa hoan toan.
2.2.7. Phwong phdp xdc dinh ham Iwong Kim logi vét trén ICP-OES

Phuong phap quang phd phat xa nguyén tir plasma cam tng (ICP-OES) cho
phép phan tich nhitng ndng d6 tir mot phan ty t&i mot phan traim, khong phai pha
lodng va ciing khong thay doi cac diéu Kién phan tich. ICP 1a mot ky thuat phan tich
cong cu dua trén phép do phd phat xa nguyén tir. Két qua phan tich ham lugng vét
kim loai nang trong PG theo QCVN 07:2009 trén cong cu ICP cua Vién Hoa hoc,
Vién Han 1am KHCNVN va trén céng cu ICP-OES 5100 (Hang Agilent, S6 seri
MY 15280010) cua trung tim phan tich phan loai cuc kiém dinh Hai quan Ha Nai.

2.2.8. Phwong phdp huynh quang tia X (XRF)

Céc oxit kim loai (trinh bay trong bang 3.1) duoc xac dinh trén mdy pho ké
huynh quang tia X (XRF) VietSpace 5006-HQO02 vién Khoa hoc Vit liéu- Vién Han
Lam Khoa hoc va Cong nghé Viét Nam.

2.2.9. Phwong phdp phé tin sic ning lwong tia X

Phuong phap phan tich phd tan sic ning lwong tia X - phén tich thanh phan
cac nguyén t6. Phan tich thanh phan hoa hoc dau do EDX:X-Act (Oxford Instrument
- Anh) tai Vién Ki thuat nhiét doi, Vién Han 1am Khoa hoc cong nghé Viét Nam.

2.2.10. Phwong phap xdc dinh ham luong F

Ham luong F- duoc xac dinh bang phuong phap trac quang str dung thudc thir
hién mau SPADNA (HACH) tai budc song 580 nm trén thiét bi HACH DR/2010 vién
Ki thuat nhi¢t d6i — Vién Han 1am Khoa hoc va Cong nghé Viét Nam.
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2.2.11. Xdc dinh thanh phin nguyén t6 C,H, N, S

Phén tich thanh phan nguyén t6 C, H, N, S cua miu PG dau vao trén may phan
tich nguyén t6 FLASH 2000 cua trung tim phan tich phan loai, cuc kiém dinh hai
quan Ha Noi.

2.2.12. Phwong phdp hién vi dién tir quét xa truwomg FESEM

Phuong phap kinh hién vi dién tir quét phat xa trudng (FESEM) dugc sir dung
dé xéac dinh hinh thai bé mat va kich thudc hat cia cac vat liéu da ché tao. Trong luan
an, phan tich FESEM dugc thyuc hién trén thiét bi S4800 cua hiang Hitachi (Nhat Ban),
tai Vién Khoa hoc vat liéu - Vién Han 1am KHCNVN;

2.2.13. Phwong phap xdc dinh do an toan phong xa

300 g PG phan tich trén pho ké gama tai Vién Ki thuat hat nhan va tinh toan
theo tiéu chuan xay dung Viét Nam 397:2007 [45], TCVN 11833:2017 [63], quy dinh
cua Uy ban Chau Au vé “hoat d6 phong xa tu nhién cta vat liéu xdy dung- mtc d6 an
toan va cac phuong phap thir nghiém”[108]. Tinh toan két qua d6 an toan phong xa |
= Ra/300+Tho/200+K/3000 va so sanh vdi TCXDVN 397:2007 [45].

2.2.14. Phwong phdp quy hoach thuc nghiégm

Sau khi lya chon dugc cac yéu té cong nghé chinh can nghién ciru va khao sat
anh huong don yéu to ciia chung t6i qua trinh. Tiép theo s& tién hanh thiét ké ma tran
ké hoach thyc nghiém theo mé hinh ké hoach tryc giao bac hai cua Box-Willson hoic
Box-behnken [76, 109]. Tuy vio yéu cau cua ting bai toan cu thé dé lya chon mo
hinh khéo sat dé nghién ctru tdi vu héa qua trinh loai bé photpho. S thi nghiém cua
ma tran ké hoach duoc tinh theo cong thurc sau:

+ DPdi véi md hinh bac 2 cua Box-Willson

N=2k+2k+novsik<5

N=2%1+2k+novsik >5

(N: s6 thi nghiém; k: s6 yéu té cong nghé; no: 6 thi nghiém tai tim)

Cac muc cua ké hoach thuc nghiém sau khi duoc ma hoa bao gom (-o, -1, 0,
+1,+a).

Trong d6 a goi 1a canh tay don va duogc tinh theo cong thuc:

o+ 2K02- 21 (k+0,5n) =0 véi k<5
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ot +2¢1g2- 22 (k +0,5n0) =0 v6i k> 5

Sau khi tinh toan dugc gid tri canh tay don o, ta s& thiét 1ap dwoc ma tran ké
hoach thuc nghiém. Dua vao day ta co cac thi nghiém dé tinh toan gia tri cac ham
muc tiéu Y.

+ Pdi voi mo hinh bac 2 cua Box-Behnken

N = 22Ci% +no

N: S& thi nghiém; k: s6 yéu t6 cong nghé; no: s6 thi nghiém tai tam)

Céac muc cua ké hoach thuc nghiém sau khi duge ma héa gom (-1, 0, +1)

Sau khi tién hanh thi nghiém theo ma tran ké hoach thuc nghiém. Cac buéc
tiép theo bao gom:

+ Tim hé s6 cua phuong trinh hdi quy

+ Kiém dinh sy c¢6 nghia cua hé sé hoi quy

+ Kiém dinh sy twong hop ctia mo hinh da chon

+ T6i wu hoa dong thoi nhiéu ham muc tiéu

Str dung DE d¢ tién hanh xdy dung danh gid mo hinh va tdi vu hoa cac thong
s6 cong nghé cua qud trinh.

Phuong phép t6i wu héa ham da muc tiéu (phuong phap ham tuyét vong theo
Harington 1965).

T6i wu hoa ham da muyc tiéu da chon bang phuong phap ham nguyén vong
(Harington 1965), phuong phap nay gom ba budc thyc hién.

+ Thiét 1ap ham muc tiéu: Yi= fi (X1, X2....., Xk) c6 dang tong quat

Yi= Bo+X 51 B X5 + X uma B iwxixu + Xy B i<

+ Chuyén d6i ham muc tiéu thanh ham vi phan: di= Ti (Y1)

+ Thiét lap ham mong doi: D = g (d1, d2..., dm)

- Harington (1965) da dwa ra phuong thirc toi wu héa da muc tiéu bang viéc
xdy dung ham nguyén vong, sau d6 Deringer va Suich (1980) d cai tién tinh toan
ham nguyén vong sir dung trong phan mém Design Expert [110, 111]

Ham nguyén vong D dugc tinh nhu sau:

D="/d1d2d3..dm

Trong trudng hop cac ham muc tiéu di c6 tam quan trong, thir bac khac nhau

thi ham D tinh nhu sau, c6 tinh dén tht bac quan trong (wi) cia cac muc tiéu:

D="d1d2d3..dm W =YTwi.Céacham di dugc tinh nhu sau:
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Di=exp[-exp(Yi)] Khoang chap nhan mot phia (phia trai hodc phai)
Di = exp (-Yi) Khoang chip nhan 2 phia

2.2.15. Phwong phdp nhiéu xa tia X (XRD)

Phuong phap XRD xac dinh thanh phan ciu tric mang tinh thé cia mau can
nghién ciru. Dya vao sb luong, vi tri va cudng do cua vach phd nhidu xa thu duoc va
so sanh v6i ngan hang vach phé cé thé nhan biét pha tn tai trong mau nghién cuu.
Trong luan 4n cAu trac tinh thé cta vat liéu dugc phan tich nhidu xa tia X trén thiét bi
Brucker D8 advance vai buc xa Cu-Ka (budc song A=1,5406A0 ) - Vién Hoa hoc,
Vién Han 1am KHCNVN.

Xac dinh dang ton tai cua thach cao (DH, HH, AH) va thanh phan cac dang ton

tai cia mau trén cong cu nhidu xa tia X, tham khao nghién ctru trén thé gidi [112].
2.2.16. Phuwrong phdp xdc dinh phédn bé kich thuwéc hat trén thiét bi Zetasizer

Xéc dinh phan bd kich thudc hat trén thiét bi Zetasizer-Nano ZS hang Malvern
- UK béng phuong phéap tan xa laser dong, tai Vién Khoa hoc vét li€u, Vién Ki thuat
nhiét d6i, trén thiét bi gom hé quang hoc gdm mdt ngudn sang laser rin ban din c6
budc séng 532 nm, cong suat 10 mW. Thiét bi c6 dai do kich thude tir: 0,6 nm — 6

pm.
2.2.17. Phwong phdp nghién cwu dinh tinh CaCOs trén UV

Nudc cat dugce dung lam mau d6i ching, 0,05 g CaCOs thuong mai va CaCO3
thu nhan tir thi nghiém dugc hoa tan trong 25 ml nudc cat, dam bang diia thay tinh,
siéu 4m 50°C trong 15 phit, so quang cac dung dich mau trén may UV VIS 1800 tai
phong thi nghiém Vién Hoa hoc Hop chat thién nhién, dai budc song chay tir 200 nm-
900 nm. Hap phu cuc dai cia CaCOs trén UV & budc song 240 nm va 230 nm,
Ariponamal 2012 [113], va Nangare 2014 [114].

2.2.18. Phwong phdp kiém tra thie nghiém mdu vat liéu xdy dung

Phuong phap kiém tra cuong d6 udn, nén mau vat liéu chuan bi theo TCVN
6016-2011: nguyén li¢u cat tiéu chuan, xi mang, nudc theo TCVN6016:2011, khuon
duc kich thugc 40*40*160mm [115]. Phuong phap kiém tra thoi gian dong két, va
d6 on dinh thé tich: TCVN 6017-2015 [116]. Xéac dinh d6 déo tiéu chuan, thoi gian
d6ng két va tinh on dinh thé tich cua thach cao theo TCVN 4031 : 1985 [117]. Kiém
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tra tinh chit co 1y mau PG 1am phu gia xi mang tai Vién Vat liéu xdy dung va cong
ty thach cao Pinh V1, Vién khoa hoc cong nghé xay dung.
2.2.19. Phwong phdp phan tich va xir Iy 56 ligu

Céc két qua thi nghiém phan tich thanh phan héa hoc mau thu dwoc sau khi xir
Iy mau, phan tich 1ap lai tdi thiéu 3 1an va 1dy mAu dat gia trj trung binh. Xt 1y s6 liéu
trén cong cu excel. Cac s liéu danh gia anh hudng cua cac thong sé dén qué trinh
loai bo tap chat, két qua phan tich trén cong cu nhiéu xa tia X dugc thuc hién trén
cong cu origin.

Két qua phan tich ham lwong CaS04.2H20 dugc phan tich trén thiét bi phd ké
huynh quang tia X tai vién khoa hoc vat li¢u - vién han 1am KHCNVN, vién Vat li¢u
xay dung, duoc dbi chiéu vai phéan tich héa hoc va phuong phap khdi luong.

2.3. Phwong phap thuc nghiém

So d6 cac phuong phap thuc nghiém nghién ctru Xt 1y PG trinh bay trong hinh
2.3a, 2.3b, tac gia co ké thira cac trinh cong bd nghién ciru qudc té [58, 60, 61] va cai
tién trong diéu kién nghién ctu tai Viét Nam véi dbi twong xir 1y ba thai PG cta nha
may DAP1- Dinh Vi, Hai Phong.

H,S0; HO PG

1 P
Qué trinh khudy 100- 500 rp
watichtapchitrongaxt | . 0 Pt
'pl“* : LR=1-5
. — - Nudc thai, axit
g ﬂiﬂgﬂgf]” tch * thi, cain den
)
1 31an
H,0 NaOH RIL=f Ria
NaOH H,0
@)
l qu 0 4 l l
Khudy tao Ca(OH), . , LR=S
Cyago4_H2(0 k Trung hoa v6i Ca0 Khudy 3 gt tao Ca(OH),  pomo=2
) lm 7 ‘__COQ
Cacbonat héa CaS0,.2H,0
0 Ty o
2""’ Syc CO, (Cta, M Suc CO, 30-60°C
thutr
7
" (a$0,.2H,0, CaCO, (GaCO, kich thwdc nanomet, micromet (N)

(M,, M21, M22)

Hinh 2. 3a. So d6 nghién ctru xir Iy PG véi tac nhan axit sunphuric
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PG H,0
1 350 rpm
Qua trinh khuay 60 phit
LR=1
- Nudc tha axit
¢ Ay X axit,
Lang gan, ann tach * oin den
ong ran
g \
3an
Rira —

B)

Ca) ——  Trung hoa véi Ca0

0aS0, 24,0
(M3)

Hinh 2.3b. So @6 nghién ctiru xir Iy PG véi nudc

Xt Iy mau PGes cia DAP1 Hai Phong chay theo nhanh sb (1) va sé (4) (hinh
2.3a). Xur Iy mau PGmsi cia DAP1 Hai Phong chay theo nhanh s6 (1), (2) (hinh 2.3a)
va duong s6 (3) (hinh 2.3b).

So d6 qua trinh nghién cau loai bo tap chat trong PG.a theo dudng s6 1 muc
dich thu nhan: CaS04.2H,0 lam phu gia xi mang. Mau nghién ctru tdi wu, thir nghiém
trén vira xi mang ki hi¢u Cla.

So d6 nghién ciru cacbonat hoa PGmei theo dudng s6 (1)+ (2) ¢6 cac mau dugc
ki hiéu M2, M21, M22.

So dd nghién ctru thu nhan mau PGmei sau khi khuay trong nuéc theo duong
s6 (3) ki hiéu mau M3

Mau thu nhan CaCOjs kich thudc nanomet, micromet tir PG sau tién xir 1y di

theo duong s6 (4) ki hiéu 1a mau 1a N
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2.3.1. Phwong phdp nghién citu qud trinh xi Iy P;Os va tap chat
So d6 thuc nghiém loai bo P20s va tap chat trong PG dé 1am phuy gia xi méng
duoc trinh bay trong hinh 2.4
H2SO41 leU ||-’(:i

—_— 25°C, 50°C, 70°C, 90°C
Qué i Ky 100- 500 pm
haa tach tap chat trong axit 150 phit
| LR=1-6
|—i Ling trong axi
31an
Loc Gan
1 3lan
SR Rita e Ria nudc —
. L]
4 HO
B thach cao sau ria Bii thach cao sau rira
Trung hoa CaO Trung hoa Ca0
CasS0,. 2H0 CaS0,. 2H,0

Hinh 2. 4. So @b thyc nghiém loai P2Os va tap chat khéac trong PG

2.3.1.1 Khdo sdt hoa tdch tap chat trong PG Vi tdc nhén axit sunphuric

10g PG khudy trong axit sunphuric (0% - 35%) trong 30-180 phiit & nhiét d6
28°C dén 50°C, 70°C va 90°C, tai cac ti 1& dung dich/PG (L/R) tir 1/1 (ml/g) t6i 5/1
(ml/g), tbc do khuay tir 100 vong/phat dén 450 vong/phut.
Khdo sdt 1y 1¢ dung dich axit/PG Iéng/ran (L/R ml/g): 10 g PG khudy trong binh tam
giac 250 ml, thém mot luong axit sunphuric 5 % khac nhau véi ti 18 L/R lan luogt 1a
1; 2; 3; 4; 5; (ml/g). Tién hanh khudy ¢ nhiét d6 thuong toc do 350 vong/phit trong
thoi gian 60 phat. Sau 1 gid hoa tach, loc, xac dinh ndng d6 photpho hoa tan trong
dung dich bang phwong phap quang phd hap phu & bude séng 420 nm.
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Khdo sdt thoi gian khudy: 10 g PG trong binh tam giac, bd sung dung dich H2SO4 %
ti 16 L/R 1a 3 (ml/g). Khudy nhiét 6 thuong, toe do 350 vong/phit trong 20 phit, 60
phut, 90 phat, 120 phat, 150 phit. Loc tach cin, do ndng do photpho hoa tan trong
dung dich bang phwong phap quang phd hap phu & budc séng 420 nm.
Khdo sdt toc dé khudy: 10 g PG, thém H2SO4 5% ti I¢ L/R 1a 3 (ml/g). Tién hanh
khudy mau & nhiét do thudng trong thoi gian 60 phut véi toe do khudy 1a 100, 200,
300, 350, 400, 450 vong/phut. Sau d6 loc tach cin va xac dinh néng do photpho hoa
tan trong dung dich bang phwong phap quang phd hap phu & buée séng 420 nm.
Khdo sdt nong dé axit: Can 10 g mau, bé sung dung dich H2SO4 cac nong d6 5, 10,
15, 20, 25, 30, va 35 %. Tién hanh khudy & nhiét d6 thuong véi toc do 350 vong/phut
trong thoi gian 60 phit. Loc tach phan cin, xac dinh nong do photpho hoa tan trong
dung dich bang phuong phap quang pho hap phu & budc song 420 nm. Lap lai twong
tu thi nghiém tai cac nhiét @6 50, 70 °C va 90 °C.
Phuwong phap danh gia hi¢u qua logi bo P2Os: R (%) = %*100. (R: Hiéu suit loai

bd P20s (%), Ce ndng dd P20s trong dung dich hoa tach (%); Co: ndng do P20s ban
dau trong PG (%).
2.3.1.2. Panh gid tap chdt con lai va hiéu sudt thu nhdn thach cao
Phuwong phap loc
Hoa tach 500 gam PG trong dung dich H2SO4 10%, ti 18 L/R 14 = 3 (ml/g), téc
d6 khudy 350 vong/phit, khudy 1 gio, & nhiét d6 phong. Sau d6 loc tach cian va dung
dich, rira phan chat ran véi nude 3 1an, ti 1é nude/ba PG = 1, thu miu PG uét. Siy
nhe mau & 45°C. Can khdi lugng ba ran thu duoc sau qua trinh ria.
Phuwong phap gan
Khuay 500 gam PG trong dung dich H,SO4 nong d6 10 %, ti 1é L/R 1a 3 (ml/g),
trong 1 gio, téc do khudy 350 vong/phut. Sau thoi gian khudy, ling 5-10 phat, gan
2/3 thé tich dung dich va thu phan b ran, tiép tuc rira phan ba ran 3 lan trong nudc ti
18 nude/ba 1a 1, 1ang gan dung dich thu phan ba uét, say nhe dén khoi luong khong
d6i va can xac dinh khdi lugng phan rin thu duoc.
Xac dinh hiéu suat thach cao thu duoc cua qua trinh 1ang tap chat va gan tap
chat theo cong thirc H = khéi lwong thach caosau xi 1y*100/khdi luongrea ban dau
Panh gia thanh phan nguyén té trén cong cu phod tan xa ning lugng tia X
(EDX), oxit kim loai trong ba ran trén cong cu phd ké huynh quang tia X (XRF).

2.3.1.3. Khdo sat qua trinh rica, trung hoa
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Khdo sdt sé lan rira nweéc: P20s hoa tan co sin trong PG va P20s hoa tan sau
qua trinh hoa tdch PG voi axit duoc rira di trong nudc.

Tién hanh khuay PG trong dung dich axit sunphuric 10 % trong 1 gio, sau hoa
tach, loc thu ba PGaxit trén gidy loc va tiép tuc rira ba PG trong nudc thu bira iin 1,
baria tin 2, baria tan 3, biria tan . Xac dinh ham lwong P20s hoa tan con lai trén ba ran sau
cac 1an rira.

Khdo sdt lwong CaO dung trung hoa

Pha CaO vao dung dich néng do 0,0018 M va nho dung dich Ca(OH). vao
lwong nht dinh ba PG sau qua trinh rira nudc, dén khi ba ran thach cao dat pH trung
hoa.

2.3.2. Quy hogch thuc nghiém xir Iy P.Os trong PG lam vat li¢u xdy dung

Thiét ké ma tran ké hoach thuc nghiém: cac yéu té cong nghé gom 3 yéu t6

Z1: Nong db axit sunphuric (%);

Z2: Ti l¢ L/R cua dung dich axit sunphuric trén PG (ml/g)

Z3: Nhiét d6 hoa tach

Khao sat anh huong cua don yéu t6 cong nghé dén ham muc tiéu. Lua chon
dugc cac mac géc (mie 0) va muc bién thién (£1). Him muyc tiéu huéng dén 1a Y1
(Hiéu suét loai bo photpho).

Céc bién ma hoa cta Z1, Z2, va Z3 1an luot ky hiéu 1a A, B va C.

Lua chon mo hinh khao sat theo Box-Willson véi k = 3, lya chon canh tay don
anpha =1,125 va s thi nghiém tai tim 1a 1. Tong s6 thi nghiém caa ma tran 1a 15 thi
nghié¢m.

2.3.3. Phwong phap thu nhan CaCOg kich thwéc nanomet, micromet

So d6 qua trinh thi nghiém tao CaCOs kich thudc nanomet, micromet voi

Ca(OH)2 thu nhan tir PG tién xt Iy duoc trinh bay trong hinh 2.5.
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PG H,0 NaOH

b
Qua trinh khudy 3 gio
tao Ca(OH),
!
Loc phan tach
I6ng ran
HEO 4 2
l Ran Long
Rira Ca(OH), Két tinh
0, | Cacbonat hoa Na;S0,
Suc CO,
CaCo,

Hinh 2.5. So db tong hgp CaCOs kich thuéc nanomet, micromet
(1) Thu nhgn Ca(OH): ter thach cao da xu Iy
Binh 1: 50 g PG vao cbc ¢6 100 ml nude cat, khudy toe do khong doi.
Binh 2: 25 g NaOH hoa trong 250 ml nudc cat. 6 binh 2 vao binh 1, khudy 3 gio,
téc d6 khuay khong ddi 350 vong/phit. Sau khudy, thu két taa Ca(OH), trén gidy loc,
loai cin den, rira nudc 3 1an, sdy kho. Dich dudi gidy loc két tinh thu nhan NapSOa.
(2) Thu nh@n CaCOs tur Ca(OH)2-PGaa xii iy

Can khoi lugng Ca(OH)2-PGaa xi 1 1,48 g, 4,44 g, 7,4 g khudy trong 200 ml
nudéc, toe do khuay 500 rpm. Pat binh phan tng c6 dung dich Ca(OH)2-PGaa xir 1y 1én
may khudy tir, téc d6 khudy 300 vong/phut, suc khi CO2 tir 60 - 120 ml/phut, 1 atm,
nhiét do tir 28 °C, dén 44 °C, 60 °C. Theo ddi pH qua trinh va dimg thi nghiém khi pH
trung hoa, loc can lo ling trén gidy loc, rira nude va sdy kho ¢ 105 °C thu CaCOs.

PGas xi 1y 10ai bo tap chat phan @ng véi NaOH theo phuong trinh:

CaS04.2H,0 + 2NaOH = Ca(OH)2 + Na;SO4 + 2H.0 (14)

Tai nong d6 SO42 trong dung dich kiém soat dat mic do can bang, ti 18
H.O/TCNT = 5, thoi gian 3 gio dé so sanh két qua véi thuc nghiém, tuong ti cua C.
Cérdenas-Escudero [89]. Suc khi CO2 vao dung dich khi ndng d6 SO42 bao hoa, thu
CaCOs két tua theo phan tng theo phuong trinh (14), (15) va (16).

2CO; + Ca(OH)2 = Ca(HCOs)2 (15)
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CO; + Ca(OH), = CaCOs + H20 (16)

Khi ti 16 mol CO2/Ca(OH)2 < 1 s& xay ra phan ung (16) tao ra két taa CaCOs3
va Ca(OH)2 con du. Khi ti 1€ mol CO2/Ca(OH)2 = 1, phan ung vira du dung dich thu
duoc két tua CaCOs, pH dung dich = 7. Khi 1 < ti 6 mol CO2/Ca(OH)2< 2, xay ra
phan tmg (15) va (16) tao CaCO3 va Ca(HCOs)2. Khi mol CO2/Ca(OH), = 2, phan
ung (15) vira du, tao ra Ca(HCO3)2. Khi mol CO2/Ca(OH). > 2 phan ung (15) tao
Ca(HCO3), va CO2 du. Do dé, kiém soat pH, SO42 va do kiém, tbc d6 va luong khi
CO2 suc 1a yéu t6 can thiét dé quan sat két tta CaCOs. Thi nghiém tién hanh syc khi
dén pH tir trén 12 dén dudi 8 thu CaCOs.

Phuong phap nghién citu khao sat theo di anh huong cua cac diéu kién suc
khi (nhiét do, ndng do kiém ban dau, tbc do suc khi) d¢én thu nhan kich thudc va hinh
thai CaCOs tir thach cao sau loai bo tap chat [118, 119].

Po pH dung dich bang thiét bi do nhanh. X4c dinh ham luong CaCOj3 theo
TCVN 3912-1984.

Phan tich dic trung cAu tric va hod hoc trén phén tich nhidu xa tia X (XRD) va
kinh hién vi dién tir quét (SEM). Kich thuéc tinh thé CaCOs NPs tinh theo cong thirc
Debye-Scherrer. Vi tinh thé CaCOs, t = Blc(—(ie t: kich thudc tinh thé CaCOs (nm); k:

Hang sé mic dinh cia may XRD, A 1a budc song nhidu xa tia X (1,54 A di véi cac
mau bot, 0 14 goc Bragg (26), B 13 do rong ban pho cua peak nhiéu xa tia X.
2.3.4. Phwong phdp dong thoi tach tap va cacbonat héa bia PGmgi

Nghién ctru st dung ba thai PG trén day chuyén sau loc cia DAPL (DAP1 mei)
tién hanh dong thoi tach tap véi axit sunphuric va sau d6 bo sung NaOH (0,69 g; 259;
50g) nang pH va suc khi CO2 dén trung hoa, kiém tra tinh chat hoa hoc mau thu nhan
va sir dung thay thé xi mang, tron vao vira xi mang, do tinh ting cing vira xi mang,
nghién ctru thir nghiém thach cao va nano CaCOj3 trén mau vira xi mang [94]. Thuc
hién dong thoi tach tap véi axit sunphuric va nang pH, suc khi CO2 dén trung hoa voi
PGmei M&i phat sinh tai nha may DAP1 Dinh Vi, thu mau, kiém tra tinh chat hoa hoc
vat liéu sau xir 1y, thir nghiém cudng do nén vira xi ming phdi tron vat liéu tai Vién

Khoa hoc vat liéu xay dung.
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Bang 2.1. Cac mau thi nghiém véi PGmei DAP1 sau Xt 1y

Mau PG sau xir ly

Mau dong vira

M1 | (1) Loai bo tap chat: PGmsi (500 g) khuay trong dung | Sir dung M1 déng
dich axit 5%, ti 1€ dung dich L/R =3 (ml/g), sau 1 gio | vira M1V. bo
khuay, lang 10 phut va gan dich 16p trén, rra 3 1an cuong do nén thoi
phan bi rin dudi bang nudc, ti 16 nude/chat rin 1a 1 diém 3 ngay. Po
(2) Trung hoa: 0,124 g CaO va trung hoa phan ba ran. | XRD, SEM, TG.

M2 | (1) Loai bo tap chat: twong tw mau M1 bén trén Str dung M2 tron xi
(2) Trung hoa: B6 sung 0,6 g¢ NaOH va suc CO» téc d6 | ming, cat dong mau
100 ml/phut, sau 2 phut dén pH trung hoa M2V. bo cuong do

nén thoi diém 3
ngay, XRD, SEM,
TG.

M3 | (1) Loai bo tap chat: PGmsi (500 g) khudy trong nuéc, | Str dung M3 tron xi
ti I¢ L/R 1a 3 (ml/g), sau 1 gio khudy, lang 10 phit va | mang, cat, tao M3V.
gan dung dich phia trén, rira ba ran 3 1an véi nuéc, Do cuong do nén 3
nuéc/ ran = 1 ngay, XRD, SEM.
(2) Trung hoa: Trung hoa phan ran véi CaO 0,047 g.

M21 | (1) Loai bo tap chat: PGmei (500g) khuay trong axit 8
%, ti 16 L/R 1a 3 (ml/g), sau 1 gio khudy, ling 10 phut
va gan phan dich Iép trén, sau d6 rira 3 1an phan ba ran
l6p dudi bang nudc, ti 1é nudc/chat ran =1
(2) Trung hoa: B6 sung 26 g NaOH va suc CO; toc do
100 ml/phut, dén pH trung hoa

M22 | (1) Loai bo tap chat: PGmsi (500g) khudy trong axit 8
%, ti 18 L/R =3 (ml/g), sau 1 gio khudy, ling 10 phut
va gan phan dung dich 16p trén, sau d6 rira 3 1an phan
ba ran 16p dudi bang nudc, ti 1é nudc/chat ran =1
(2)Trung hoa: B6 sung 50 g NaOH va suc CO; tdc do
100 ml/phut, dén pH trung hoa

M1V | Nguyén liéu dong vira xi mang theo TCVN 6016-2011.

M2V | Khudn dac mau 40*40*%160 mm, cat vang tiéu chuan,
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M3V | say ¢ 105°C, xi ming Podc ling, nudc cat theo ti 16 khoi
luong 1 phan xi mang, 3 phan cat, va mot nira phan 1a
nuéc (ti 1& nuwéc/xi mang 1a 0,5). Tién hanh tron kho
thach cao va xi mang trudc sau do cho cat tron lién tuc
déu tay, cudi cung tudi tir tir nude va tron déu trong 3
phut, dan 16p mAu thi nhit trong 60 1an, va 16p mau con
lai trong 60 lan. Mau vira duc ding 2% mau M1 hoic
M2 hoic M3 thay thé khdi lwong xi mang. Bao quan
mau vita diéu kién nhiét d6 phong va ngdm nudc. Théao
Mau sau 24 gio. Bao quan va do cudng do nén ctia mau
sau 72 gio. Po cuong d0 nén theo TCVN 3121-
11:2003. Cong thirc tinh cwong do nén R = F/1600. F:
tai trong pha hay mau (N), 1600 dién tich tim ép (m?).

Mau sau xt 1y tai DAP1 (M1, M2, M3) duoc kiém tra tinh chat héa hoc va do
cudng do nén mau vira xi mang khi phdi tron thach cao sau xir 1y. Chup SEM, XRD,
TGA, IR dé danh gia, so sanh tinh chdt mau vira xi méng.

Tinh ham lugng Ca(OH): trong vita xi ming dong ran khi danh gia mau vira
trén TGA theo khdi luong mat mau & 450 — 550°C, ham lugng Ca(OH)2 (g/100 g xi

M CH
W*Am CH
fexmw

mang) tinh theo phuong trinh: CH[g/100g cement] = *100. Trong d6 Amch:

mat mat khéi lwong trong dai nhiét do, fc: lwong xi mang trong mau, myw: khdi luong
mau, My va Mcw 12 khéi lugng mol ciia H20 va Ca(OH), [120].
2.3.5. Phwong phap nghién ciru thir nghiém trén vira xi mang

Thtr vira xi mang tai Vién Vat liéu xay dung, cong ty Thach Cao Pinh V1.

Thach cao thién nhién, thach cao chua xu 1y, PG sau xur 1y duogc tron véi
clanhke trong may nghién bi, (40 min 3500 + 100) cm?/g tai Vién Khoa hoc vét li¢u
xdy dung - Bd Xay dung va Cong ty Pinh Vil vao thang 5 dén thang 9 nim 2019.
Ham lugng SO3cua vat liéu dau vao (clanhke, thach cao thién nhién, thach cao trudc
va sau xir 1y) xac dinh trudc bang phuong phap héa hoc. Thach cao thién nhién tron
clanhke dé dat ham lugng SOz cubi cung 14 2.3 % khdi lwong xi ming.

Nghién ctru so sanh danh gia tic dong ciia cac loai thach cao khac nhau dén
tinh chit co hoc cua xi ming.

Thue nghiém cuong dé nén viva xi mang
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Chuan bj nguyén liéu cat tiéu chuan, xi ming, nudc va dic vién vira cho viéc
do cuong do nén theo TCVN 6016:2011. Khuon kich thuéc 40%40*160 mm duogc
quét dau dn trude khi dong mau. Chuan bi nguyén lidu tron xi mang (441g) va thach
cao (9 g) trude sau do rai tir tir cat (1350 g) vao tron kho, tron déu kho rdi cho nudc
(225 @) tron déu, trong 3 phut, sau d6 dung bay xuc vita vao khuon (1/2 chiéu cao
khuon), dan mau 60 lan, sau d6 tiép tuc d ndt vira vao khuon (d6 tiép ¥ chiéu cao
con lai cho day khuon), ding bay dan déu mit vira va dan miu thém 60 lan, hét vira
thira xung quanh khuon, lau sach khuén, ghi nhan. Ngadm mau vao nuéc & 27°C, sau
1 ngay 1dy mau dung vai udt lau kho, va thao mau ra khoi khudn bang voi xit rira xe
may. Tiép tuc ngdm mau thém 2 ngay ngay trong nudc. Trude d6 lam twong ty vién
vita bao quan kho diéu kién khong khi va khong ngam nudc.
Cong thtrc tinh cuong d6 nén R = F/1600 Theo TCVN3121-11:2003.
F: tai trong pha hity mau (N), 1600 dién tich tam ép (m?)
Ti 1é thach cao thay thé xi ming: 2 %. Thach cao thién nhién va thach cao sau xt Iy
dua vao cac vién vita véi ti 1¢ thay thé 2% khdi lugng xi ming, kich thudc vién vira
40 * 40 * 160 mm. Mau thi nghiém chira mot phan xi ming, 3 phan cat tiéu chuan
va mot nira phan nudc (ti 16 nude/xi mang = 0,5). Thi nghiém tién hanh & nhiét do
phong. Cét vang tiéu chuan ray qua sang kich thudc 16 2 mm, say ¢ 105°C truéc khi
dung. Xi mang péoc ling PC40. Sau 1 ngay d& khudn, mau lan thi nghiém 1 bao quan
& diéu kién khong khi, mau lan thi nghiém 2 ngam trong chau nudc & nhiét d6 27°C,
ldy mau ra va do cuong d6 nén tai thoi diém 3 ngay. Po SEM, TGA, IR, XRD céc
mau vira thoi diém 3 ngay. Po cudng d6 udn va nén trén may Model TYA-300
(China) TCVN3121-11:2003 do Vién Khoa hoc Cong nghé xay dung va phong LAS-
XD-1466, cong ty cb phan xay dung va thuong mai Ha Noi Thing Long.
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3.1. Két qua phan tich thanh phan héa hoc b thai thach cao

3.1.1. Thanh phan héa hoc ba thdi thach cao nha mdy DAPI va DAP2

Thanh phan bi PGmsi va PG tai bii lwu chira ciia nha may DAP1 va DAP2

duoc trinh bay trong Bang 3.1. Két qua cho thay PG c¢6 ham luong CaS04.2H-0 trung
binh ctia DAP1 13 77,825%, nuéc lién két trung binh ctia DAP1 1a 15,75%. Ham
lugng CaS04.2H,0 trung binh ciia DAP2 1a 73,825%, nude lién két trung binh cua
DAP2 1a 15,255%.

Bang 3. 1. Thanh phan hoa hoc trong bi thai PG nha may phan bon DAP1, DAP2

TT | Thong s6 PGumsi PGa | TB PGmsi | PG | TB

DAP1 | DAP1 | DAP1 | DAP2 | DAP2 | DAP2
1 |Am, % 39,020 | 25,200 | 32,110 | 38,600 | 27,100 | 32,850
2 | CaS04.2H20,% | 77,860 | 77,790 | 77,825 | 73100 | 74,550 | 73,825
1 | H2Okéttinn, % 15,900 | 15,600 | 15,750 | 15210 | 15,300 | 15,255
4 | CaO,% 25,810 | 26,090 | 25,950 | 24,210 | 24,990 | 24,600
5 |SOs, % 36,520 | 36,200 | 36,360 | 33,880 | 34,460 | 34,170
6 |SiO2, % 10,485 | 13,21 |11,848| 10,187 | 10,550 | 10,639
7 | MnO, % 0,053 0,021 | 0,037 | 0,119 | 0,020 | 0,070
8 |Fe0s3, % 0,195 0,223 | 0,209 | 0,229 | 0,270 | 0,250
9 | AlOs, % 1,331 0,920 | 1,126 | 1,060 | 0,660 | 0,860
10 | MgO, % 0,230 0,230 | 0,230 | 0,240 | 0,250 | 0,240
11 | P20s téng sé, % 1,380 1,150 | 1,265 | 1420 | 1,260 | 1,340
12 | Fiéngs6,% 1,150 1,010 | 1,080 | 1,290 | 1,100 | 1,195
13 | P205 hoi tan, % 0,550 0,440 | 0,495 | 0550 | 0,480 | 05515
14 | K20, % 0,260 0,231 | 0,246 | 0,204 0,13 | 0,167
15 | TiO2,% 0,192 0,267 | 0,230 | 0.180 0,21 | 0,195
16 | SrO, % 0,09 0,182 | 0,136 | 0,084 | 0,183 | 0,134
17 | Y203,% 0,010 0,022 | 0,016 | 0,010 | 0,001 | 0,006
18 | TOC, % 0,130 0,110 | 0,120 | 0,150 | 0,180 | 0,165
19 [C,% 1,230 1,050 | 1,140 | 0,980 | 1,200 | 1,090
20 [H, % 0,900 0,610 | 0,755 | 0,560 | 0,700 | 0,630
21 [N, % 0,290 0,520 | 0,405 | 0,750 | 2,000 | 1,375
22 [S, % 1,100 0,830 | 0,965 | 0,900 | 2,450 | 1,675
23 | Khac, % 2,100 0,400 | 1,250 | 2,560 | 2,610 | 2,585
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Két qua nghién cru cho thiy PG cua Viét Nam c6 ham luong tap chat SiO,
P20s, F cao hon so véi trén thé gigi. SiO2 chiém 10,1 % dén 13,2 % cao hon so véi
ham lugng SiO> trong PG tai Florida—My, North Carolina - My, Palfos- Nga, Araxa-
Brazil, Hidalgo - Mexico c6 ham lugng SiO:z cac dia diém tuong ung 1a 9,48; 1,73;
1; 0,41 va 2,8 % [121]. Ham lugng P20s trung binh trong PGmei va PGci cia DAP1
|an luot 14 1,38 va 1,15%; va cua DAP2 lan luot 1a 1,42 % va 1,26%. Ham lugng Flo
trung binh trong PGmei va PGea cia DAPI lan luot 1a 1,150 va 1,010%; cia DAP2 lan
lwot 1 1,290 va 1,100 %. Cac tai liéu nghién ciru trén thé gidi thanh phan tap chat
trong PG thap hon, v&i P20s dudi 1 %, SiO tir 3 - 5%, F < 1,5%, ham luong CaSO4
cao trén 90 % [23, 122]. Piéu nay c6 thé 1y giai do van hanh san xuat HsPO4 tai Viét
Nam theo cong nghé DH & nhiét d6 76°C, trong qua trinh két tinh CaSOj c6 su that
thoat P2Os trong ba thai PG, nong do P.Os trong san pham tir 28-30%, tap chat khac
trong ba thai PG nhiéu hon do nhiét d6 va diéu kién van hanh thap hon so véi cong
nghé HH san xuat HsPO4 trén thé gigi [123]. Bén canh d6 ham luong flo trong quang
cua Viét Nam cao hon cac quang thé gidi. Cac tap chat chira florua gom hdn hop cua
cac hop chat hoa tan trong nudc (NaF, Naz2SiFs) va khong hoa tan (CaF2) c6 ngudn
gdc tir quang khi phan huy véi axit sunphuric.

Ham lwong photpho va flo tai bii chon 14p 1a thip hon so véi trén bang
chuyén. Mau PGe; DAP2 c6 ham lwgng P2Os cao so véi PGea DAPL. Tuy ché do van
hanh tirng dot cia nha may nhung nhin chung mau PGes trén bii chira ¢6 ham lugng
P05 thap hon mau PGmei, két qua cong bd cua Ines Hammas 2013 ciing ¢6 xu huéng
tuong tu [122].

C6 thé do P20s bi phong hoa va giam dan di theo thoi gian khi luu chta trén
bai, P20s giam di trong bai s& di chuyén va ton tai & dang hoa tan trong nude bai chon
lap, bay hoi trong khong khi gay 6 nhidm thir cp tir bai PG néu khong xir Iy PG mdi
phat sinh ngay tai nguén. Két qua phan tich nhidu xa tia X ciing cho thay thanh trong
PGpai c6 thanh phan Cas(PO4)2 va CaHPO4 13 cao hon so véi Ca(H2P04)2.H20 (Bang
3.2b,c).

Céc tap chat oxit kim loai Fe, Al, Ti, kim loai kiém thé K, Mg 16n hon 0,2 %,
nguyén té cac bon chiém trén 1 %, lugng N trung binh dat 0,89 %, ngoai ra PG con

chira mot s6 nguyén t6 hiém 1a Sr va Y (Hinh 3.1a va Bang 3.1).
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- Vé mdt hinh thdi: Bi PG 1a vat liéu dang bot, do cac 16 rdng chira axit du
nén b PG ¢ tinh axit cao (pH < 2,8), kich ¢& hat chiém vu thé dudng kinh < 0,045

mm, c4u trac tinh thé chu yéu 13 hinh hop chit nhat va dang sau canh (Hinh 3.1b).

I Spectrum 38

(b)
Hinh 3. 1. Phd EDX anh SEM ctia mau bi thai PGes DAP1 trudc xir 1y
+ Hoat do phong xa: Trong nghién clru nay ching t61 khong danh gia hoat do

phong xa cta ba PG chua xur Iy do apatit Lao Cai da dugc danh gia an toan trudc do
va theo két qua nghién ctru caa vién vat lidu xay dung dé tai RD 117-16TX, bao céo
tong két nam 2019 [81]. Tuy vay, mau PG sau xu 1y duoc gui sang Vién Cong nghé

xa hiém duoc danh gia 1a an toan cho ngudi sir dung (bang 3.7).
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Hinh 3. 2. Pho XRD cua ba thai PGz DAP1 truéc xir Iy
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3.1.2. Cdc dang photpho déng két tiia

Hau hét cac tap chat trong PG 1a tap chat chira photpho con lai sau qua trinh
phan huy quing apatit. Rat nhiéu nghién ctru da cho thay rang cac tap chat photpho
hoa tan, flo hoa tan, photpho eutectic, flo eutectic s& anh huéng dén viéc st dung PG
lam vat lidu xay dung [124]. Cac dang tap chat photpho trong PG nam ¢ cac dang
hop chat nhu Cas(PO4)2, Cas(P0O4)3sOH, Ca(H2P04)2.H20, CaHPO4.H20, H3PO4. Gom
c6 tap chat photpho hoa tan trong nuéc nam trén bé mat PG gébm HsPOs
Ca(H2P04)2.H20; tap chit photpho khé tan nam & trong tinh thé nhu: CaHPO4.2H:0;
va tap chat photpho khong tan 1a cac hop chat xuat hién sau qua trinh pha quing
photphat gom Caz(PO4)2, Cas(PO4)3sOH [24, 66, 67].

Céc hop chét cua photpho thity phan theo phuong trinh:

Ca(H2P04)2.2H20 + nH20 = CaHPO4.2H20 + H3PO4 + kH20 (17)

4CaHPO4.2H20 + mH20 = Ca3(P0O4)2.nH20 + Ca(H2P04)2.H20 + kH20 (18)

Dang photpho hoa tan (HsPO4 Ca(H2P04)2.H20) anh huong tbi da dén su giam
cudng do nén cua vira [24, 66]. Photpho va flo hoa tan 1am tang d6 hap thy nude, 1am
tang thoi gian dong két ban dau cua vira xi mang [5]. Dang photpho dé& hoa tan dé
dang bi loai boé bang cach rira nudc.

CaHPO4.H20 c6 4nh huéng dén thuy hoa vita xi mang nhung kém so voi dang
photpho hoa tan, nhung néu luong Ca(OH)2 qua nhiéu lam giam tinh chét vira xi
mang [125].

Pé xir 1y tap chat photpho trong tinh thé va khé tan can chuyén chung Vé cac
dang d& hoa tan trong nuéc, dé dang loai bo nho co qua trinh chuyén dang kho tan vé
cac dang dé tan hon khi str dung tac nhan pha v cau tric dong két taa. Trung hoa
thach cao nhan tao véi sita voi gitip PG can bang pH va lam chuyén photphat dang
tan sang khong tan theo phuong trinh.

5Ca(OH); + 3P04* = Cas(PO4)30H + 90H" [69] (19)

Do mét lugng nho photpho pentoxit (P20s) dua vao san xuat xi mang déu cd
c6 thé gy bit loi do d6 can loai bo tap chat P2Os khi sir dung 1am vat liéu xay dung.

So sanh thanh phan tap chat photpho trong nghién ctru va cong bd qudc té &

mot s6 nude cong nghé san xuat chua tién tién trinh bay trong bang 3.2a.
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Bang 3. 2.a Thanh phan photpho trong PG Viét Nam va so sanh qudc té [129,73]

Brazil | Brazil Nga PGmsi PGea PGmsi PGea B
[123] | [123] [67] DAP1 | DAP1 | DAP2 | DAP2 | ViétNam
P2Osténg, | 0,69 1,93 1,30- 1,38 1,15 1,42 1,26 1,30
% 3,14
P2Os 0,29 0,72 [06-121| 0,56 0,44 0,55 0,46 0,50
hoa tan, %0 | (42,0%) | (37,3%) | (46,1%- | (40,6%) | (38,3%) | (38,8%) | (36,5%) | (38,6%)
39,4%)
P2Os 0,4 1,21 | 106-1,94 | 0,82 0,68 0,82 0,78 0,78
khongtan, | (58%) | (62,7%) 6(38630) (59,4%) | (61,7%) | (61,2%) | (63,5%) | (61,45)
% l

Két qua nghién ciru thanh phan P,Os trong DAP1 va DAP2 bang 3.2a trén cho

thay ti I¢ trung binh cua photpho khong tan chiém 61,45% so vai photpho téng sé va cao

hon so véi ti 1& photpho dang hoa tan (38,6%). Theo nghién ctru trén thé gidi, ti 18

photpho dong két tua chiém ti 1& 59 % so vai photpho tong sb [66].

Bén canh d6 két qua minh chtng trén XRD ciing cho thay tin hiéu nhiéu xa

ctia photpho hoa tan trong Mau PGmsi cao hon PGea. Cudng do nhiéu xa cua photpho

dang Ca(H2P04)2.H20 va CaHPO4 ctia mau PGmi 14 cao hon so véi ciia mau PGey, ti

Ié photpho kho tan dang Cas(POa)2 ctia mau PGe; 1 cao hon so véi trong PGmsi. Ti 18

photpho hoa tan trén PGes Iy trén bé mit 12 cao hon PGe 13y ¢ d6 sau trén 1,5 m
(Bang 3.2b)
Bang 3.2 b. Cuong do nhiéu xa cac dang photpho quan sat trén XRD

Tén mau PG mei M PG meil? PG
Dang photpho Goc 2 Cuong | Til¢ Cuong |Til¢ Cuong | Til¢
theta do (%) do (%) do | (%)
(coutns) (counts) (counts)
Ca(H:P04)2.H20 | 235109 | 1242 70,33 374 10,07 572 9,38
(1) 23,4812 1083 382 443
23,5406 | 1049 326 341
CaHPO4 26,421 157 9,13 314 11,26 286 6,37
(2) 26,4506 129 395 316
26,4803 152 500 320
Caz(PO4)2 (3) 31,083 328 20,52 2816 78,6 4059 | 84,24
(1+2)/tong (%) 79,47 21,33 15,75
Tong (counts) 1598 3579,67 4818,33
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Chu thich: M MAu PG duoc giri 1én phong thi nghiém thang 7/2020 (dot 6). Puug s 0,6 rét thap. Cong nghé van
hanh san xuit HsPO, tot, hoic chat thai dugc xir 1y so bo. @ Mau PG duoc ly khi di thyc nghiém tai nha may
(thang 10/2020) (dot 7), miu mau den, ban. BIMau PGeii 14y trén bii do sdu 1,5 m vao thang 11/2018 (dot 5)

Bang 3.2b va 3.2¢ c6 thé cho thiy sy chénh 1éch ti 1 photpho kho tan trong
cac mé van hanh san xuat HsPO4 khac nhau khi phan tich PGmsi ldy trén day truyén
tai cac thoi diém lay mau khac nhau. Mau PGmeil® co ti 1é photpho kho tan dang
Cas(PO4): rat cao chiém 90,1% va téng P cao, c6 thé phan anh van hanh cong nghé
ctia nha may thoi diém d6 chua tét. Mau PGmsil™ ¢6 ham lugng photpho tong sé trong
ba PG thip, van hanh cong nghé tét nén tdng photpho trong ba thai rat thap, c6 thé
d3 c6 kiém soat nhiét do tét nén phan huy quing apatit tét, ham luong kho tan
Casz(PO4)2 va tong photpho giam trong khi photpho dang hoa tan tang do dich chuyén
tr dang kho tan sang dang hoa tan trong qua trinh hoa tach quang apatit & nhiét do
cao vai axit sunphuric.

Bang 3.2 ¢. Cudng dd nhiéu xa cac dang photpho quan sat trén XRD

Tén mau PGmsil®! PG il PG o [
Dang photpho Goc Cuong | Tile (%) | Cuwong | Til¢ | Cuong |Tilg
2theta do do (%) do (%)
(counts) (counts) (counts)
Ca(H2P04)2.H.0 | 23,5109 | 280 572 756
332
(1) 23,4812 | 332 443 9,38 824 21,72
(4,82%)
23,5406 | 301 341 642
CaHPO4(2) 26,421 242 286 286
391
26,4506 | 342 316 6,37 338 11,12
(5,14%)
26,4803 | 391 320 422
Caz(PO4)2 (3) 6879 6879
31,083 4059 | 84,24 2547 | 67,15
(90,48%)
(1+2)/tong (%) 9,96% 15,75 32,84
Tong cudng do 7602
4818,33 3793
(coutns)

Chu thich: PlLay mau thang 11/2018 (dot 5), mau su 1,5m. I Mau PGy, lay trén bé mit bi chon lap,
thang 7/2018 (dot 4). PI1PG day chuyén 30/6/2021 (dot 8).
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+ Hiéu suat thu hdi P2Os ctia quy trinh cong nghé dihydrat cua ca hai nha
may khong cao nén P20s ton du trong ba PG 16n (P20s téng sé trung binh 13 1,302%)
cao hon so voi TCVN11833:2017. Viéc st dung tryc tiép ba PG ¢ bai chira khong
qua xtr 1y khong dap Gng tiéu chuan k§y thuat TCVN 11833:2017 (tiéu chuan thach
cao photpho dung lam phu gia xi mang cho san xuat vat liéu xay dung). PG con
c6 nguyén té kim loai ning, F vuot ngudng chat thai nguy hai theo QCVN 07-
2009, crom ¢ vuot ngudng QCVNO07:2009, ham lwgng SrO dao dong trong khoang
0,1 - 0,25 %, nguyén té hiém La, Y ty 18 thap (PL. Bang 1.2a,b).

+ Luu chtra ba thai thach cao photpho 1au dai tai cac bai chita ciing khién cac
nguyén t6 P, F tich luy tro lai trong dang tinh thé gay kho khan tach tap chat dac biét
1a photpho trong khi phai dam bao chi tiéu chat luong twong d6i nghiém ngit nhu
P2Osht < 0,01 %, P20sts < 0,7 % thuong dé dap tng tiéu chuan nay phai dung cong
nghé hoa tach véi axit va loai bo P20s dang dong két tinh trong tinh thé CaS04.2H0.

+ Tach tap chat ba thai PG, tinh sach sau P, F (dat TCVN 11833:2017), loai
tap chat hitu co va giam tong mudi hoa tan, khong anh huéng dén phat trién cac dic
tinh cua vat liéu xay dung. Véi muc tiéu chinh ctia nghién ctru 1a tinh sach PG dung

dé thay thach cao thién nhién lam phu gia xi ming trong san xuat vat liéu xay dung.
3.1.3. Thanh phan nguy hai trong ba thdi PG

Bi thai PG c6 cac thanh phan nguy hai vo co nhu flo, pH vuot ngudng chat
thai nguy hai theo quy chuan ki thut quéc gia vé ngudng chat thai nguy hai (QCVN
07:2009/BTNMT). Crém c6 nguy co vuot ngudng cho phép va can quan tric tiép
(PL Bang 1.2 a,b).

Két luan phan 3.1

* Ddnh gid vé méi truong:

Bi thai PG c6 gié tri pH thap (pH < 2 voi PG mai) do sy ton dong cua axit du
trong banh loc, gia tri pH thip, khong dat theo quy chuan ki thuat quéc gia vé ngudng
chat thai nguy hai (QCVN 07:2009). Ba PG chira (6 nhiém) kim loai nang ¢ dang vét.
Bi thai PG c6 ham luong cacbon va hop chét hiru co (TOC) cao. Bén canh do, cac

thanh phan nguy hai nhu Cr, F trong ba thai PG ciing can duoc loai bo.
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* Ddnh gid vé chi tiéu lam vat liéu xdy dung
P,0s vuot tiéu chuan cho phép — anh hudng dén tinh chat ciia xi mang va bé
téng. Trong ba tha PG c6 trén 60% photpho dang khé tan do sy ton tai cia photpho

d6ng két tua voi thach cao trong qua trinh phan hiy quing apatit.
3.2. Cac yéu to anh hwong dén qua trinh loai bé tap chat véi axit sunphuric

Céc tap chat trong chat thai PG anh hudng dén qué trinh sir dung ba thai thach
cao vao vat liéu xay dung nén viéc loai bo tap chat ra khoi ba thai 1a can thiét.

Céc nghién ctru trén thé gii dung cac tac nhén axit, bazo khac nhau trong qua
trinh loai bo tap chat dé loai sach céc tap chat P, cac chét hitu co (TOC), F. Nghién
ctru cua luan 4n tap trung loai bo photpho yéu té c¢6 su anh hudng déang ké dén qua
trinh tang cung vat liéu, dong thoi voi qua trinh loai bo photpho, cac tap chat khac
cling duoc loai bo.

Do nghién ctru PG bii va PG méi déu thy ton tai dang ké lugng photpho déng
két taa kho tan trong nudc va cac tai liéu tham khao cho thay rira nude va trung hoa
don thudn 14 khong hiéu qua [73]. Két qua phan tich XRD mau dau vao cho thay ton
tai cuia photpho dong két tua kho tan trong nude 13 CaHPO4.2H,0, Cas(PO4),, ria
nudc giup loai bé photpho dang hoa tan ma khong gop phan xir Iy duoc cac dang
photpho dong két tia.

Tac nhan hoa tach tap chat trong PG véi axit sunphuric va xitric duoc nghién
ctru sang loc va thay rang sir dung axit sunphuric 1a tot hon so véi xitric trong viéc

loai bo photpho va photpho dong két tua (PL1.5).
3.2.1. Nghién cuu loai bo photpho

Céc dang hop chat cua photpho loai bé 1 san pham caa qua trinh DH quing
apatit hogc hinh thanh tir du lugng P20s, & dang H2PO4", HPO4%, (PO4)*

3.2.1.1. Anh hwong cua ty 1é léng/ran dén hiéu qud logi bé photpho

Sau qua trinh khao sat anh huong cua ty 1¢ long/rin (L/R) dén kha ning loai
bo photpho, ta thu duoc két qua thé hién & hinh 3.3
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(2a)

Hiéu suat loai P,0(%)

T T T T
L/R=1 LR =2 LR=3 LR=4 LR=75

Tilé Long/Ran (ml/g)
Hinh 3.3. Anh huong cua ty 1¢ 1ong/ran (ml/g) dén loai bo photpho

Mau PG.; dugc hoa tan trong axit sunphuric 5%, ti 1& L/R tir 1-5 (ml/g), thoi
gian 1 gio, & 28°C va téc do 350 vong/phut trong binh tam giac 250 ml. Nhén thay,
tang thé tich dung dich axit 5% 1én thi kha ning loai bé photpho ting 1én rd rét khi tir
L/R tang tir 1 dén 3 (ml/g). Hiéu qua loai bo photpho cua dung dich lién quan dén su
tiép xtc giita pha 16ng va pha ran hop 1y va do tan ctia dung dich. Ti 1& L/R thip, qua
trinh hoa tan PG kém hon, va kha ning hoa tach tap chét thip do chua dam bao t6t
dao tron mau. Hiéu qua loai bé photpho thay d6i khong dang ké khi ting ti 16 L/R tir
3 dén 5 ml/g. Do d6 chung tdi chon ti 1& L/R = 3 (ml/g) la diéu kién tot nhat dé loai
b6 photpho, v6i hidu qua loai bo photpho 14 61,89 %. Ti 1 L/R duoc giit ¢b dinh 1a 3
ml/g cho nghién ctru tiép theo.

3.2.1.2. Anh huong cua thoi gian khudy

Thoi gian khudy 1a tic nhan anh huong dén hiéu qua loai bo tap chat két qua
thé hién & hinh 3.4, thoi gian phan tng khao sat tur 0, 20, 60, 90, 120, va 150 phut.
Thoi gian khuay hiéu qua nhat 13 60 phut véi hiéu qua loai bé photpho 13 62,88 %.

Néu thoi gian khuay ngan nho hon 20 phiit chua di cho qua trinh hoa tach xay
ra hoan toan, nén chi c6 mot phan nho photpho duoc loai bé khoang 40%. Khi thoi
gian khudy tang 1én 14 90 phut va 120 phit thi ham lwong photpho hoa tan c6 su thay
d6i khong dang ké. Xét vé hiéu qua xu 1y va kinh té thi thoi gian khudy ¢ 60 phat

dem lai hiéu qua tét nhat.
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Hinh 3. 4. Khao sat anh hudéng cua thoi gian khudy dén loai bo photpho
3.2.1.3. Anh hwong cua téc do khudy

Téc do khuay anh huong dén kha nang dao tron cac phan tir gyps trong dung
dich axit, qua d6 n6 quyét dinh kha niang loai bo cac tap chat tir PG va khuyéch tan

tir bé mat vao dung dich.
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Hinh 3. 5. Anh huéng cua toc do khudy dén kha niang loai bé photpho

Khao sat toc do khudy o 1 gio khudy, ti 1é L/R = 3 ml/g, nong d6 axit 5 %.
Nong d6 axit 5% cho két qua hiéu qua loai bo photpho cao nhét ¢ tbc do khudy 1a 350
vong/phut. Khi ting téc ¢ khuay tir 100 vong/phut dén 200 vong/phut; 300 dén 350
vong/phit thi hiéu qua loai bo photpho ting 1én. Nhung khi ta ting toc do khudy trén
350 vong/phut 1én dén 400 vong/phut va 450 vong/phit thi lwgng photpho bi loai bo
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khong tang. Vay, cung cac diéu kién vé nhiét do, ty 1& ran/long, thoi gian khudy, toc
d6 khudy 1a 350 vong/phut hiéu qua loai bo photpho tét nhat.
3.2.1.4. Anh hwong cua nong dé axit

Axit sunphuric - nhan t6 quyét dinh hiéu qua cua qua trinh loai bo tap chat
trong ba thai thach cao photpho. Anh huéng cua nong do6 axit dén hiéu qua loai bo
photpho thé hién & hinh 3.6
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Hinh 3. 6. Anh hudéng ciia ndng do axit sunphuric dén hiéu qua loai bo photpho

Khao sat anh huang cua nong do axit sunphuric dén hiéu qua loai bo photpho
duoc tién hanh trén dai nong do 1a 5 %, 7,5 %, 10 %, 15 %, 20 %, 25 %, 30 %, 35 %,
Hinh 3.6. Ta thiy, o cung nhiét do 28 °C, ty 18 long/ran L/R = 3, thoi gian 60 phut,
tbc do khuay 350 vong/phut thi & ndng d6 axit sunphuric 13 10 % mang lai hiéu qua
loai bo P20s cao nhat 71,9 %. Luong photpho hoa tach ting nhanh rd rét khi axit ting
5 % dén 10 % va hau nhu khong co su thay ddi dang ké vai ndng do axit tir 10 % dén
35 %. Do d6 chiing t6i chon nong do sunphuric & nong do hiéu qua nhat 13 10 %.
3.2.1.5. Nhiét dg va qud trinh logi bé photpho bang axit sunphuric

Khao sat anh huéng cua nhiét d6 dén loai bo photpho va tap chat: 28°C, 50°C,
70°C va 90°C, thoi gian khuay 1 gio, téc d6 khudy 350 vong/phut, nong do axit
sunphuric tir 5 %; 7,5 %; 10 %; 15 %; 20 %:; 25 %; 30 %; 35 %. Két qua khao sat cho
thiy anh hudng rd rét cua nhiét do dén qua trinh loai bé photpho trong ba thai thach
cao photpho bing axit sunphuric. Hiéu qua loai bo photpho cua axit sunphuric 5% &
nhiét d6 28°C, 50°C, 70°C, 90°C lan luot 1a 61,9 %; 67,6 %; 75,2 % va 79,8 %. Hiéu
qua loai bo photpho cua axit sunphuric 10 % & nhiét d6 28°C, 50°C, 70°C, 90°C lan
luot 1a 71,9 %; 80,55 %; 88,12 %; va 92,36 %. Hiéu qua loai bo photpho cua axit
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sunphuric 15 % lan luot 1a 71,92 %; 80,57 %; 88,12 % va 92,37 % va tang nhanh khi
c6 nhiét do. Nhiét do anh huong 16n nhit dén loai bo tap chat photpho, vai axit 10 %

hiéu qua loai b photpho 14 cao nhat tai cac nhiét do.
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Hinh 3.7. Hiéu qua loai bo photpho cta axit sunphuric theo nhiét do va nong do

Nong d6 CaS04.2H20 ctia PG trong axit thé hién theo nhiét d6 va ndng do axit
(Hinh 3.8). Dang két tinh dihydrat (DH) va anhydrat (AH) va hemihydrat (HH) va ti
1¢ cac dang tinh thé dugc xac dinh qua phd XRD. Pdi chiéu véi do tan cia CaSOa,
trong diéu kién bdo hoa, siéu bio hoa va nhiét do. CaSOy4 tan it trong nudc, tan tdt
hon trong axit sunphuric ¢ nhiét do thuong. Nhiét do cao, dd tan cua CaSOs co su
thay ddi 16 rang khi tang axit sunphuric tir 5 % Ién 10 %, tuy nhién trén 10 % do tan
CaSO4 khong ting dang ké.

P hoa tan P20s ¢6 xu hudng nhu d6 hoa tan ctia CaSO42H20. Két qua thay
13 & ndng do axit 5-10 %, d6 hoa tach P,Os ting nhanh nhét va gia tri tot nhat & 10 %
& tat ca nhiét do khao sat, nhiét do cang ting, hiéu qua loai bo P20s cang cao. O
H2SO04 5 %, nhiét do 28 °C thi hiéu qua loai boé photpho dat trén 50%, loai bo duoc
lwong Paéng két i, khi ndng d6 dat 10 %, & nhiét d 28 °C trén loai b dugc 70% lugng
P20s, & nhiét d9 cao dén 90°C loai bo dugc trén 90 % P20s.
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Hinh 3.8. B¢ tan ciia CaSO4 trong H2SO4 theo nhiét do va nong do
Piéu kién loai bo P dat TCVN 11833:2017 dung cho vat liéu xay dung 13 két
hop loai bd P, F va Si tai H2SO4 10 % nhiét d§ thuong va nhiét do cao 90°C. Nhiét do
cao cho kha nang loai bo tdi wu ca P20s, F, Si thich hop cho tinh sach sau hon PG dé
dap tmg 1am vat lidu cho san xuat tim thach cao c6 yéu cau SiO2 < 3 % va loai bo P,
F. Xtr Iy PG nhiét @6 thuong véi axit sunphuric khoang 10 %, L/R = 3 cho loai bo P,
thu hoi PG dung lam phu gia xi mang.

3.2.2. Nghién cwu Qua trinh va ki thugt rira ba thdi thach cao

3.2.2.1. Khdo sat qua trinh rua

Véi diéu kién xir 1y tai axit 10%, nhiét d6 phong, photpho giam di sau khi
rira. Két qua khao sat s6 1an rira sau khi hoa tach axit thay rra 3 lan 1a thach cao
6 chi s6 Pre < 0,1 %, bang 3.3 cho thay can chon rira tdi thiéu 3 lan.

Bang 3.3. Khao sat s6 1an rira nudc

~ Nong d6 axit sunphuric 10%
Loai mau
PsOsnt (%) Ti 1€ nude/PG (ml/g)
B4 ran axit 1,031
Ba ria lan 1 0,28 1,10
B4 rua lan 2 0,20 2,10
B4 rira 1an 3 0,07 3,10
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3.2.2.2. Quda trinh trung hoa 7 ,
Céc tinh todn nhi¢t dong hoc da chung minh photphat d6 c6 thé thay thé

canxi hydroxit [Ca(OH).] bang canxi hydroxyapatit [Cas(PO4)3OH]. Trong diéu kién
c6 OH" va PO4* xu hudng hinh thanh canxi hydroxyapatit rit manh [69]. Diéu nay
giai thich vi sao can loai bo tap chat photpho hoa tan trong PG trude khi trung hoa xi
mang. Boi néu khong loai bo photpho, photpho s& phan tng véi Ca(OH), trong qua
trinh trung hoa hodc thuty héa xi ming va tao dang ddng két tiia nhu phuong trinh 19.
5Ca(OH); + 3P043 = Cas(PO4)s0H + 90H- (19)

Luong Ca(OH)2 0,018 M dung dé thém vao qua trinh trung hoa thach cao sau

ba 1an rira, ta tim duoc lwong Ca(OH)2 phu hop nhat. Két qua trinh bay & bang 3.4:
Bang 3.4. Anh huong cua luong Ca(OH)2

Thé tich Ca(OH). Thé tich Ca(OH).
0,018 M (ml) PH 0,018M (ml) P
5 5 18 7
10 6 20 8
15 7 25 8

Két qua trén thay luong Ca(OH)2 20 ml da du dé trung hoa céc axit co trong
ba thai. Ca(OH)2 it qué thi chwa trung hoa hét cac axit. Kiém tra luong photpho hoa
tan va photpho tong ciia mau sau trung hoa thiy ham luong photpho giam, dat yéu
cau theo TCVN 11833:2017, véi két qua trinh bay trong bang 3.5.

Bang 3. 5. Két qua phan tich photpho sau trung hoa
Photpho hoa tan 0,04 - 0,079 %
Photpho tong s6 0,37 - 0,42 %

Vay lya chon luong Ca(OH)2 phut hop nhat véi 20 ml Ca(OH)2 0,018 M, luong
CaO ty 18 sir dung thap chi 0,09 % - 0,11 % CaO so véi khdi lugng PG dem xir 1y.

3.2.3. So sdanh khd nang loai bé oxit Kim logi cua cdc ki thudt rira

Hoa tach 500 gam PG trong H2SO4 lodng ndng d6 10 %, L/R = 3, trong 1 gio,
téc do khuay 350 vong/phut, nhiét d6 30°C. Loc rira 3 1an bang nudc, khong trung
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hoa Ca0, dé kho dua vé am 10-13 % va dem phan tich trén mau sau xir 1y trén cong

cu phé ké huynh quang tia X, phan tich héa hoc, so quang.
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Hinh 3.9. So sanh kha ning loai bo tap chat giira cac ki thuat ria

Nhan thdy ki thuat rira mau bang phuong phéap gan lang trong luc 12 hiéu qua
hon so véi ki thuat loc (mAu trén gidy loc). Do sy chénh 1éch ti khdi gitra cac kim loai
nén cac kim loai co ti khdi 16n khi khong hoa tan trong axit s& lang cung thach cao.
Céc kim loai kiém va kiém tho nhe d& dang phan wng véi axit sunphuric va di vao
dung dich dé dang loai bo theo ca phuong phap loc va gan. Hiéu qua loai bo silic cua
phuong phap lang gan cao gap 3 1an so véi khong 1ang gan. Nhan thay phuwong phap
gan, hiéu suat loai bo Al,O3 cao gip doi phuong phép loc. Loai bo Fe,Os bing phuong
phap gan va loc 1a nhu nhau. Loai b6 MgO phuong phap gan cao gip 1,5 lan so Véi
phuong phéap loc. Hiéu qua loai bo SOz phuong phap gan cao gap 2,56 lan phuong
phap loc. Hiéu qua thu CaO phuong phap gan cao gap 2,27 lan phwong phép loc. Do
d6 nghién ctru sir dung ki thuat 1ang gan tap chat trong thuc nghiém. Nhan thay voi

muc dich dung thach cao nhén tao tir PG lam phu gia xi ming, c6 thé dung axit lodng,
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nhiét @ thuong, ki thuat lang gan, rira mau sau d6 trung hoa, phoi say thu thach cao
am dap ung yéu cau TCVN11833:2017. Hiéu suat thu thach cao nhan tao sau xu 1y
theo phuong phép gan dat 50 %. Hiéu suit thu thach cao nhan tao sau xir 1y theo

phuong phap loc 1a 99,8%.
3.2.4. Khdo sdt hi¢u qud logi bé tap khac

Khéo sat hiéu qua loai bo cac kim loai khac tién hanh twong ty nhu voi P. Két
qua cho thay ndng do axit 10 % 1a tot nhat dé hoa tach cac P, F, Al,0s TOC & 30°C
véi hiéu suat dat 50%, nhiét do cao hon 30°C-50°C hiéu qua cao trén 50%. Hoa tach
hiéu qua phan 16n cac kim loai 1a axit 10%, nhiét d6 tang 70°C - 90°C, hiéu qua loai
bo F va SiO2 cao trén 70% khi hoa tach véi axit ¢ lang tach bot den ndi, thu hoi
thach cao, dat trén 90 % loai bo P20s. Anh huéng cua nhiét do dén hoa tach céac tap

chat khac trinh bay trong hinh 3.10.

100.00

e 5|02
90.00

e \INO
80.00

ey F203

70.00 ~

et A 1203

60.00

et P205 total

50.00

F total

K20

40.00

Tio2

30.00

Hiéu qua loai bo tap chét (%)

Sro2

20.00
Y203

10.00
TOC

0.00
300C 500C 700C 900C

Nhiét do °C

Hinh 3.10. Hiéu qua loai bo cac tap chat khac trong qué trinh xir Iy PG
Pa s6 cac tap chat kim loai, tap chat hitu co (TOC) ¢6 hiéu qua hoa tach tap
dat trén 50% & nhiét do trén 50°C, trir Fe va Sr. Dé dat yéu cau vé kha ning loai bo

cao trén 70% ddi vai Si va F thi nhiét do hoa tach can cao 70-90°C
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3.2.5. Cdc dang tén tai cia thach cao

Dang thach cao dihydrat (DH) CaS042H>0O va hemihydrat (HH)
CaS04.0,5H20 14 2 dang chu yéu trong PG. Pa phan thiy dang DH do ché do nhiét
phan huy quing ¢ nhiét do thdp hon 78°C tai bé phan huy. Dang photpho dong két
tia Ca(HPO4) 2.H20, Ca(HPO4).2H,0 ciing dugc quan sat thiy trén cong cu nhiéu xa
tia X.

Thach cao sau xtr Iy v&i sunphuric 10% ¢ 28°C, rira, trung hoa véi Sita voi, sdy
4 gio ¢ 140-150°C thu CaS04.0.5H20 (HH).

Tang néng do sunphuric axit hoa tach 1én 25% va 30% & 90°C, dang DH
chuyén pha sang AH. Thach cao CaSO, (AH) thu duoc du diéu kién cho san xuit xi
miang CaSOs khan khi xir Iy PG sir dung axit nong do cao 25 - 30%. Cung véi qua
trinh chuyén pha cia cac dang thach cao khi ting nhiét d6 va nong do hoa tach voi
tac nhan axit sunphuric thi silic cling giam di.

Két hop két qua nghién ctru st dung axit ndng do thap 10% & phan trudce, hinh
3.10 ¢ diéu kién nhiét d6 30°C, hiéu qua bo P va F dat trén 60% va dat tiéu chuan cho
phép vé néng d6 P, F con ton du theo TCVN11833:2017.

Hiéu qua loai bo Si ¢ nhiét d§ thuong chua dap irng nhu cau loai bo SiO; dat
duéi 3 % dé lam nguyén liéu cho san xuat tim thach cao. Pé ting hiéu qua loai bo Si
can thuc hién nhiét do hoa tach va néng dd axit sunphuric cao hon (bang 3.6)

Bang 3. 6. Hiéu qua xur 1y tap chét SiO; trén XRD

‘ 90-95°C 90°C, 90°C, HzS_(?4 95°C, 10%,
S0, Diu 1,50, 30% H2SO4 90°C, _2‘5%, %5%, 1og|0 H2SO4 28°C
vao 2 gid ' 450{(3, 1 gio Say 105 C,2 250-/?
1gio gio 1 gio
Ki hiéu Clg Ccud Cif Cle Cib Cla
% 10,9 0,7 14 2,8 1,2 2,4 1,7
E&g%/o 93,5 87,1 74,3 88,9 79 | 293

Két qua phan tich cac mau sau xir 1y trén nhiéu Xa trinh bay trong phy luc Hinh
1.2a,b,c,d,e,f.
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5000 - X x Ci _
X: basanite,syn CaS0O,.0.5H,0

4000 X y: Quartz,syn, SiO,
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Hinh 3.11. Phé XRD cua mau C1
(Chu thich: mau sau xt 1y voi axit H2SO4 10%, nhiét do 28°C, rira voi nudc,

phuong phap gan, trung hoa véi CaO sau d6 say & 140°C trong 4 gio)
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Hinh 3.12. XRD cua Clava Clb
(Chu thich: Cla: 10% sunphuric, trung hoa, sdy 45°C thu CsaS04.2H,0
Mau: C1b: xtr Iy & 90°C- sunphuric 25%, trung hoa, say 45°C thu anhydrit, dihydrat).
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Hinh 3. 13. Ph6 XRD ctia PG, C1, Clc

(Chi thich: MAu C1: PG sau xtr 1y v6i H2SO4 10%, trung hoa véi CaO, say 140°C
trong 4 gio, thu nhan CaS04.0.5H.0. Mau C1c: PG sau xt 1y & 95°C, H2SO4 30%,
trung hoa, sdy & 45°C trong 4 giod thu anhydrit CaSOa4. Mau PG :: mau trude xi 1y)

Hinh 3.13 thay PG xu 1y véi axit H2SO4 nong d6 cao (25 - 30%), nhiét ¢ cao
(90°C) c6 sy chuyén pha thach cao tir dihydrat — hemihydrat — anhydrit CaSO4 khan.
SiO2 giam 70-77% so trudc xir Iy va xtr 1y axit, gan loc, trung hoa, sdy mau PG1. Tuy
vay, SiO2 giam xubng dudi 3 % (quan sat & phd XRD) va dat chi tiéu SiO < 3% dé
str dung trong tim thach cao & mau xir Iy nhiét d6 cao. Tang nhiét d6 hoa tach 1am
tang kha nang hoa tach nhiéu dang mudi chua silic, cho phép dat chi tiéu SiO2 < 3%.
Nghién ciru dang thgch cao DH, HH, AH sau x& Iy trén cong cu XRD [112]

Mau PG bai sau xir 1y axit 10 %, nhiét d thip dang DH ton tai 1a chinh (mau
Cla). MaAu xur 1y véi axit 10 %, nhiét d6 cao 90 °C chuyén dich sang hudng tao nhiéu
HH trong phan huy quing va cai tién ché do loc dd quan sat thiy mau XRD c6 ton tai

dang HH cao dén 42.4 %.
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PHONG HOA PHAN TICH
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2Theta (Coupled TwoTheta/Theta) WL=1 54060

Hinh 3. 14. Phd XRD ctia PGmei sau xir Iy (ti 1& HH 42,36%, DH 56,6%)

Dang cua thach cao sau xur ly phu thudc vao nhiét do, néng do axit va PG dau
vao. Cu thé trong mau PG sau xtr 1y c6 dang HH, DH va c6 ca AH. Ty 1&¢ % dang ton
tai ciia thach cao duoc tinh toan (trén phd XRD). Két qua ta thdy HH c6 ty 16 42.4 %
va DH 13 56,6 %, khi c6 nhiét d6 thich hop két hop trang thai qua bdo hoa sé& co
chuyén dich pha hinh thanh CaS04.0.5H,0 khi phan huy truc tiép tao HH va HH do
DH mat nudc va chuyén pha DH/HH va HH/DH. Tinh ham luong cac cdu dang cta
thach cao ¢ trong ba PG trudc va sau xtt 1y vi phd XRD [112] - hinh 3.14 véi tin
hié¢u cac peak DH (goc 20,6009, cuong d6 981) va HH (goc 29,3013, cuong do 841)
K1 = Inn/l pn=841/981; k2 = lan/l pn = 0/981 = 0).

IDH = 100
IDH+ IHH *k1 + I AH k2
I HH * k1 = 100
IDH + I HH * k1 + T AH * k2
Thay s6 ta c6 ty 18 thach cao dang dihydrat 1a F DH = 56,6%
981 * 100

981 + 841841
941

FDH =

FHH =

FDH =

+ 0

Thay s6 ta xac dinh duoc ti Ié thach cao dang hemidihydrat HH 1a F HH = 42,36 %
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(841 = 841) = 100/981
981 + (841 * 841)/981

Tong % thach cao sau xir Iy 99 %, thach cao tinh sach, st dung 1am tim thach cao.

FHH =

Véi mau bd PG ¢6 dang DH, khi thir nghiém xir 1y véi axit 25- 30% & nhiét
d6 cao 78-95°C c6 mét nudc, chuyén pha DH cua CaSO4.2H20 -> CaSO4.H,0->
CaS04.0,5H20 khong bén va sang dang CaSO4 (AH) bén. Tuy nhién trén phd XRD,
do qua trinh hoa tach thyc hién 60 phut, toc d6 khudy tron 350 vong/phut nén phan
g x4y ra triét dé, khong quan sat thiy chuyén qua HH. Nong d6 DH va HH nho so
v6i AH sau xir Iy. Xir 1y PG axit nong d6 25 — 30 %, nhiét d6 90 °C thu thach cao AH
dat do tinh sach cao dén 97,18-99,91%. Cong bd quéc té cling chirng minh thach cao
dang AH déap tmg d6 bén co 1i khi str dung lam phu gia cho xi mang [77] va phu gia
cho sén xut tAim thach cao. Véi thach cao AH, cong ngh¢ sur dung axit 25- 30% va
nhiét d6 90 °C chitng minh thu nhan san pham tinh sach (ph6 hinh 3.15 va phuong
phép tinh toan).

Pho XRD hinh 3.15 cung cap cac sb liéu dung dé tinh toan nong do thach cao
dang AH cua PG sau xt 1y axit 25 - 30%, nhiét d6 cao 90°C co chuyén pha qua HH
V01 cac tin hiu:

1) AH (goc 25,4113 ¢6 I an =11836), ii) DH (goc 20,6009 c6 1 pn = 289), ii)
HH (goc 29,3013 ¢6 I vn= 19); ta c6 ko = | an/l pn = 11836/289, ki = | um/lpH
=197/289, tinh duoc:
Fan = [11836*11836*100/289] / [289+ 197*197/289+11836*11836/289] = 99,91 %
Fun = [197*197*100/289] / [289+197*197/289 + 1836 *11836/289] = 2,76 %
Fon = 289*100/[ 289 + 197*197/289 + 11836 * 11836/289] = 0,059 %

Nong do anhydrit canxi sunphat c6 d6 tinh sach dat 97,18-99,91%

Thach cao sunphat khan tir ba PG cho muc dich str dung lam vat li¢u tang ctrng

trong vat liéu xay dung vai axit sunphuric 25 % nhiét do 90°C.
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PHONG HOA PHAN TICH
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Hinh 3.15. XRD ctia mau sau Xir ly chira AH 97,18 % -99 %, HH 0 - 2,76 %

*Két lugn: Theo di thuc nghi¢m chuyén pha cua thach cao tai nhiét do cao,
ndng do cao va hiéu qua loai bo tap chit ting 1én nhung thach cao nhan tao thu nhan
chuyén sang dang HH, AH khong dap tmg theo TCVN 11833:2017, thu nhan thach
cao dang DH dung lam phu gia xi mang tai Vi¢t Nam. Do d6 véi muc dich thu nhan
DH dung lam phu gia thay thé thach cao nhan tao trong xi ming va khong ton chi phi
nang lugng chi can hoa tach PG trong axit lodng, nhiét 6 phong.

Theo khao st trong qué trinh chuyén pha trén cong cu XRD, trong nghién ctru
nay khong khuyén nghi phuong an ning nhiét d6 va nong do sunphuric 1én cao dé
loai bo tap chat do ham luong Si trong PG cao dap tng tiéu chuan dung cho san xuét
tam thach cao do qua trinh can st dung nhiét, axit chi phi gia thanh cao va dic thu
ham lugng Si cao 10,1-13,4% trong PG.

Dinh huéng thu thach cao CaSO4 gang knan: Két qua nghién ctru cho thay cé thé
thu duoc thach cao AH tinh sach béng cach cho PG hoa tach voi1 axit 25-30 % co
khuéy tron va gia nhiét ¢ 90°C loai bo P hoa tan, P déng két taa, Si va F. Rira, trung
hoa, sy 45°C thu thach cao CaSO4 AH 97,18-99,91%. Tuy nhién phuong an nay
khong nam trong hudng thir nghiém cuia nghién ctru sinh.

Tu thé ky XIX nhiéu nha nghién ctru sy chuyén pha cua thach cao thanh
hemihydrat va thiy két qua kha quan khi quan sat san pham dang anpha hemihydrate
c6 nhiéu thudc tinh tét hon nhur kich thudc tinh thé 16n, ¢ hit 4m nho, thoi gian dong

ran cham.Tuy nhién, tao duoc mAu anpha hemihydrat c6 tinh chét tot van da va dang
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t6n nhiéu thoi gian cong stic cta cac nha khoa hoc. Theo dbi sy chuyén pha ciia thach
cao voi1 HaSO4 néng dd, nhiét d6 cao tim diéu kién va trang thai chuyén pha tor DH
sang HH trén cong cu XRD, tuy nhién ti 1é dang ton tai ctia thach cao HH thap duéi
3%, ti 16 AH cao trén 90%, kién nghi vé vai tro thach cao HH khong ban luan sau.
3.2.6. Danh gia hoat do phong xa tw nhién cua PG

Céc nghién ctu trén thé gi6i c6 danh hoat do phong xa tu nhién cia PG, dé
Kiém tra su an toan cua vat liéu khi dem st dung trong dan dung, tién hanh kiém tra
mau PG sau xt 1y véi axit tai Vién Xa Hiém. Két qua thé hién ¢ Bang 3.7

Trong d6: Ii tinh toan theo TCXDVN 397: 2007, d6i twong dung xay nha

li = C Ra/300 + CTh/200 + C K/3000 = 102/300+ 11,3 /200 = 0,3965

Dé thoa man yéu cau vat liéu dung xay nha thi Ii < 1. Két qua thé hién trén
bang cho thay, hoat d6 phong xa tu nhién cua sau PG xir Iy théa man yéu cau lam vat
licu xdy nha, dap mg theo tiéu chuan xay dung Viét Nam 397:2007 [45], TCVN
11833:2017 [63], va quy dinh cua y ban Chau Au vé “hoat d6 phong xa tu nhién cua
vat li¢u xay dung- mirc d6 an toan va cac phuong phap thir nghi¢m”[108].

Bdng 3. 7. Hoat d§ phong xa ty nhién cta PG sau xu ly
Tén chi tiéu Ra, Bg/kg U, Ba/kg Th, Bg/kg
PG sau xu ly 102,6 98,2 11,3
(Két qud ciia nghién ciru do tai Vién Cong nghé xa hiem, 2019)

3.2.7. Nghién ciru t6i wu héa qud trinh logi bé P20s
3.2.7.1.Thiét ldp mé hinh va xdy ding ma tran ké hoach thuc nghiém
Céc s6 liéu thi nghiém anh huong cua cac thong sd cong nghé don bién dén

ham muc tiéu Y1: hiéu qua loai b photpho, chiing t6i luya chon mé hinh bac 2, ké
hoach hoa thuc nghiém theo mé ta Box-Wilson. Cac muc gbc (0), mac thap (-1) va
muc caco (+1) cua cac yéu té (voi k = 3) va khoang bién thién thé hién ¢ bang 3.8.

Bang 3. 8. Cac muc thi nghiém cia cac bién cong nghé

Tén bién, khoang bién thién Mtic nghién ctiu
Khoang
Bién thuc Bién mé | bién thién | -a -1 0 1 +a
A)

Z1: Nong do axit (%) A 5 39 | 5 |10 | 15 | 16,1
Z>: Ty 1€ dung moi/ én liéu

z 1Y I dUng movnguyen lie B 2 06| 1| 3|5 |55
(Viw).
Z3: Nhiét do (°C) C 3 254 26 | 29 | 32 | 326
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Str dung phan mém Design expert 11.0 dé xdy dung ma tran ké hoach thuc
nghiém vai 15 thi nghiém. Ta xéac dinh dugc 3 yéu té anh huong (k=3) 1a ndng do axit
sunphuric, ti 1é dung méi/nguyén liéu, nhiét d6 hoa tach thém 1 thi nghiém Iap lai tai
tam (no = 1) va hé s6 a = 1,215 nén s& ¢ tong cong 15 thi nghiém duoc b tri. Haim

muc tiéu 13 Y (%): hiéu suat loai bo photpho trong bi PG.

Bang 3.9. B6 tri thi nghiém theo gid tri mé hoa ctia qu4 trinh loai bo P

STT Bién thyc Bién ma Y (%)
Zi Z Z3 A B C
1 10 3 32,6 0 0 1,215 72,4
2 5 5 26 -1 1 -1 53,5
3 15 1 32 1 -1 1 61,7
4 5 5 32 -1 1 1 67
5 15 1 26 1 -1 -1 58,7
6 3,9 3 29 -1,215 0 0 58,9
7 10 3 25,4 0 0 -1,215 65,8
8 10 0,6 29 0 -1,215 0 60
9 10 5,4 29 0 1,215 0 72
10 16,1 3 29 1,215 0 0 69
11 15 5 26 1 1 -1 64
12 15 5 32 1 1 1 72,2
13 5 1 32 -1 -1 1 57
14 5 1 26 -1 -1 -1 50,1
15 10 3 29 0 0 0 72,5

3.2.7.2. Kiém tra su ¢é y nghia Ciia mé hinh

Sy ¢6 y nghia ciia mé hinh hoi quy bac hai cua qua trinh xir 1y photpho trong
bd PG va cac hé s6 dugc tién hanh bang viéc phén tich phuong sai (ANOVA), két
qua thé hién ¢ bang 3.10.
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Két qua phan tich mé hinh & bang 3.10 cho thay mé hinh nay 14 hoan toan
turong hop véi thuc nghiém diéu nay duoc ching minh véi cac chuan s F (Fisher)
ctia mo hinh ¢6 gid tri v6i ham Y1 (51,6). M6 hinh nay c6 ¥ nghia thong ké voi do
tin cay cao Vi cac gia tri p lién quan dén kiém dinh F cia mé hinh & bang 3.11 ¢6
gia tri nho hon 0,05 (0,0005) cho thay d¢ twong thich cta phwong trinh hdi quy Vi
thue nghiém tir 6 cho thay mo hinh x4y dung bai phan mém Design expert c6 nghia.
Céc s6 hang A, B, C, AC, BC, A% B2, C2? déu c6 ¥ nghia.

Sy phu hop ciia mé hinh thuc nghiém ciing duoc kiém ching bang hé sb xéac
dinh R2. Gia tri R2cang gén 1 thi gia tri thuc nghiém cang gan voi gia tri du doan cua
mo hinh. Theo s liéu phén tich bang 3.11, hé s6 xac dinh ctia m6 hinh Y 13 0,9893
(98,92 %). Hé s6 xac dinh R? ciia mo hinh cho biét 98,92 % sy bién doi cua hiéu suat
loai bo photpho thu duoc 1a do anh hudng cua cac bién doc lap nhu nong do axit, ty
I¢ dung moi/nguyén li€u, nhiét do hoa tach.

Bén canh d6 gia tri R? hi¢u chinh 13 0,9702 (97,02 %) 16n hon 0,8 va gia tri
Adeq-Precision 1a 23,3113 16n hon 4. Diéu nay cho thay gia tri ciia ham muc tiéu phu

thudc 16n va cac bién anh huéng, mé hinh thiét lap 1a twong hop véi thuc nghiém.

Bang 3. 10. Hé s hoi quy mé hinh da thirc bac hai véi hiéu suat loai bé photpho

Nguén géc Ham muc tiéu Y

Giatri F Gia tri P Nhan xét

M6 hinh 51,6 0,0002 Co6 y nghia

A 99,01 0,0002 Co y nghia

B 111,41 0,0081 Co y nghia

C 91,23 0,0002 Co6 y nghia

AB 0,4584 0,5284 Khong c6 y nghia

AC 6,74 0,0485 Co y nghia

BC 11,08 0,0208 Co y nghia

A2 85,07 0,0003 Co y nghia

B2 47,75 0,0010 Co y nghia

C? 11,64 0,019 Co y nghia
R? 0,9893
R? hiéu chinh 0,9702
Adeg-Precision 23,3113
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Sy twong hop cia m hinh ciing c¢6 thé dugc danh gia théng qua biéu dd thuc
nghiém va dy doan (predicted and actual value plots) va cac biéu do phan bd ngau
nhién cta cac 1an thi nghiém (residuals versus runs models) thé hién ¢ hinh 3.16. M6
hinh ¢6 su trong quan tét gitra thuc nghiém va 1y thuyét khi cac diém thi nghiém tap
trung theo dang dudng chéo ¢ do thi thir nhat va phan bd cua cac diém thi nghiém l1a
ngau nhién trong pham vi (-3, 3) & d6 thi tha hai.

Predicted vs, Actual

Design-Expert® Software
T3
B
R1
0= u
Color points by value of
R1: i
s0.1 [ 725 7
50
45
I I I I 1 I I
4 0 ] 10 T
Actual
Resicluals vs. Run
Design-Expert® Software .
R1 - £2340
Jor points by value of §
Color points by value o 3
RI: % 100
50,1 725 { }\
- g Ll f\ A [y
¢ {; = V \
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£
L‘E 400 4
B0 f 525407
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Hinh 3.16. Biéu d6 thyc nghiém va du doan, phan bd ngau nhién cua Y
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Sau khi loai bo cac bién khong ¢ y nghia (p > 0,05), ham muc tiéu Y clia md

hinh duoc xac dinh va biéu dién biang phuong trinh hoi quy bac 2 nhu sau.

Y =72,22+3,77 A+3,997 B + 3,62 C - 1,15 AC + 1,475 BC - 5,53 A2 — 4,15
B2 2,05 C? (1)

Sy anh hudng cua cac yéu té binh phuong (A2, B2) dén gia tri ham muc tiéu [a
I6n nhat, sau d6 1a anh hudng cua cac yéu td (A, B, C) va anh huong it nhat dén gia

tri ham muc tiéu 1a yéu t6 C2 BC va AC.

Dua trén md hinh da thirc bac 2, dit liéu thir nghiém duoc phan tich bang pham
mém DE 11.0. Cac truc X va Y ctia bé mit phan tng ba chiéu dai dién cho hai yéu t6
cong nghé tuong tac voi nhau trong khi yéu té cong nghé con lai duoc giit & muc co
ban (muc 0); truc Z thé hién gid tri ham muc tiéu chiu anh huong cua 2 yéu t6 thé

hién o truc X va y.

Tir phuong trinh hoi quy (1) ta thay ca 3 yéu to A, B, C déu anh hudng dong
bién (twong tac duong) dén ham Y. Trong d6 mirc d6 anh huong caa ching theo thir

tu giam dan B > A > C tuong (ng Véi cac hé s6 cua chiing trong phuong trinh (1).

Anh huong cia cac cap yéu td cong nghé thé hién ¢ hiéu ung tuwong tac doi
dén cac ham muc tiéu dugc biéu thi thong qua cac bé mat dap tng cia qua trinh loai
bo photpho thé hién hiéu Gmg twong tac doi cua cac cap yéu td cong nghé (AB, AC,
BC) thé hién trong hinh 3.17.

Pbi véi gia tri ham muc tiéu Y, dya trén phuong trinh ham hdi quy, ching ta
c6 thé thiy rang su twong tac gitta cac cap Yéu to téi gia tri ham muc tiéu giam theo
thi ty BC > AC> AB tuong (g voi ¢6 manh yéu cua cac don yéu té cong nghé B
> A > C tuong ung Voi cac hé s cua chung trong phwong trinh héi quy (1). Sy anh
huong cia cac cap yéu toi cong nghé 1én gia tri ham muc tiéu ciing duoc thé hién qua
cac bé miat dap ung hinh 3.17. Trong cac bé mat dap ung, ving mau do 1a ving thé
hién cac gia tri 16n nhat (viing tbi uu), dién tich ving tdi wu cta cac bé mat dap tng

giam dan theo cac cap twong tac BC > AC > AB.
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Hiéu qua loai b6 P205 (%)
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Hinh 3.17. Bé mit dap @ng cua cac cap yéu td cong nghé 1én ham muc tiéu
3.2.7.3. T6i wu héa qud trinh logi bé P20s trong bd PG
Trong nghién ciru nay, chiing toi da sir dung phan mém Design Expert 11.0.0
dé toi wu hoa cac yéu té cong nghé cia quy trinh. Gid tri ti wu ctia cac bién doc lap

duoc xac dinh bang cach giai phuong trinh bac hai theo phuwong phap ham muyc tiéu
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sao cho hiéu suét loai bo P20s dat yéu cau tdi thiéu 71%. Muc d6 ciia ham muc tiéu

duoc lva chon 1a muc 3.

@ @

5 15 1 5
ANONng do axit = 10 B:ti 18 long/ran = 3
0
71
|
26 32 501 72.5
Cnhiét do = 29 Hiéu qua loai bé P205 = 72.2171

Desirability = 1.000
Solution 1 out of 38

Hinh 3. 18. Biéu kién téi vu

Két qua lua chon diéu kién tbi wu trinh bay trong bang 3.11.

Bang 3.11. Gia tri cac ham muc tiéu tai diéu kién 1y thuyét va thuc té

Nong d6 axit | Ty 16 L/R | Nhiét do loai bo loai bo
(%) (°C) photpho theo | photpho theo
ly thuyét (%) | thuc nghiém,
(%)
10 3 29 72,217 72,218+0,04

Tai diéu kién téi vu, ndng do axit 10 %, nhiét do phong 29 °C, ti 18 L/R = 3,
tién hanh thyc nghiém so sanh két qua thuc nghiém véi két qua tinh 1y thuyét cho
thiy mirc d6 sai khac 1a rat nho, mét lan nira khang dinh mé hinh c6 tinh trong hop

cao.

Ham muc tiéu bién thuc theo bién thuc duoc biéu dién nhu sau Y = -200,17
+7.40 Z1 + 1,09Z, + 14,45Z5 - 0,08Z1 Z3 + 0,257,753 - 0,22Z:% — 1,04 Z5? — 0,23 Z32
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3.3. Nghién ctru thu nhan CaCOzkich thwéc hat nanomet, micromet
3.3.1. Theo doi quda trinh phan ung

Thach cao phan ung véi NaOH theo phuong trinh
CaS04.2H,0 + 2NaOH = Ca(OH)2 + Na2S04 + 2H20 (14)

Tai téc d6 khudy 350 vong/phut & nhiét do phong, khi ndng do SO4 trong
dung dich kiém soat dat mic d6 can bang, ty 16 H.O/TCNT =5, thoi gian 3 gio dé so
sanh két qua véi thuc nghiém, twong tu cua C. Cardenas-Escudero [89].

Suc khi CO2 vao dung dich khi ndng d6 SO42 bio hoa, thu CaCOs két tua theo
phan ¢ng. Két qua chup trén cong cu nhiéu xa tia X cho thay phan ung xay ra dich
chuyén theo chiéu tao CaCOs theo phuong trinh sau

2C0O: + Ca(OH), = Ca(HCOs)2 (15)
CO2 + Ca(OH)2 = CaCOs + H20 (16)

Khi ti 16 mol CO2/Ca(OH)2 < 1 sé& xay ra phan ¢ng (16) tao ra két taa CaCOs3
va Ca(OH)z con du. Khi ti 1€ mol CO2/Ca(OH), =1, phan &ng vira du dung dich thu
duoc két taa CaCOs, pH dung dich = 7. Khi 1 < ti 16 mol CO/Ca(OH)2< 2, xay ra
phan tng (15) va (16) tao CaCOs va Ca(HCO3)2. Khi mol CO,/Ca(OH)2 = 2, phan
ung (15) vua du, tao ra Ca(HCOz3).. Khi mol CO2/Ca(OH)2 > 2 phan tng (15) tao
Ca(HCOs)2 va CO2 du. Do d6, kiém soat pH, SO42 va do kiém, toc d6 va lugng khi
CO2 suc 1a yéu t6 can thiét dé quan sat két ttia CaCOs. Thi nghiém tién hanh syc khi
dén pH tir trén 12 dén 8 thu CaCOs. Ti lé [OH]/Ca®* giit ¢ 2,1 cao hon so véi ti 18
phan tng cua phuong trinh hoa hoc theo. Do do tan cua CaSO4 (Ksp =2,4*107) 1a
thap hon Ca(OH). (Ksp =6,5*10) trong nudc dé ion ¢ nhiét d6 phong khi d6 dich
chuyén nguoc tir Ca(OH), vé CaSOs kho xay ra [89, 118, 126].

Theo ddi pH qué trinh phan ¢ng giam dan tir trén 12 vé khoang 8 theo thoi
gian khi thay d6i nong do Ca(OH)z, nhiét d6 va téc d6 suc khi, két qua trinh bay
trinh bay trén Hinh 3.20 ¢én Hinh 3.22. Hinh 3.20 cho thdy, ting nhiét d6 tir 25 dén
64°C voi toc d6 suc khi 90 ml/phut ndng d6 0,3 M, ting nhiét do phan tng lam thay
d6i va giam thoi gian phan tng, thoi gian phan tng tai nhiét do 64 °C ngan hon so
Vi tai nhiét do 44°C va nhiét do 25°C nhung su thay doi khong dang ké gitra 44°C
va 25°C.
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Hinh 3.20. Bién thién pH theo thdi gian (Ca(OH)2 0,3 M, 44°C)
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Hinh 3.21. Bién thién pH qua trinh suc khi (44°C, 90 ml CO2/phut)
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Hinh 3.20 cho thay, tang téc do suc khi tir 60 ml/phat dén 120 ml/phut, ndng
d6 0,3 M, nhiét do 44 °C, thoi gian phan tng giam dan. Két qua thu duoc cho thay sy
tuong dong voi két qua duoc cong b trude do bai Bourargane va Jun Hwan Bang
[88, 118, 127]. Theo ddi qua trinh phan tng trinh bay trén hinh 3.21 cho thay, khi
ndng d6 Ca(OH), dau vao 14 0,057 M thi pH giam vé 8 nhanh chéng sau khoang 100
gidy. Khi ting nong d6 Ca(OH)2 1én 0,3 M va 0,5 M va 0,053 M thi pH dung dich
giam vé 8 trong thoi gian 825 gidy, 1200 gidy va 1245 giay, twong ing. Két qua cho
thiy su twong ddng voi nghién ctru di cong bb.
3.3.2. Quan sdt cdc mdu CaCOs trén mdy so quang

Sy hinh thanh ctia CaCOj3 duogc xac nhan bang cach chup phd hap thu UV trén
may Shimadzu UV 1800 va so sanh vé&i pho hap thu cia CaCOs thuong mai. Pho hap
thu UV cua CaCOz thuong mai dugc thé hién trén hinh 3.22

Ahs.

0421t ! L !
19000 40000 [ nlil s |00 Q00 0
4]

2.000

Ahs

2.000 -
28 °C I
1.520 1 1 1 1

120.00 S00.00 200.00 £00.00 200.00

Hinh 3. 23. Ph6 hap thu UV cua CaCOjz theo nhiét do tai ndong 6 Ca(OH)2 ban dau
0,3 M, téc do suc khi 60 ml CO2/pht
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Hinh 3.24. Ph6 hap thu UV cta CaCOj tai nong do Ca(OH), ban dau 0,3 M, 44°C

Két qua thu duoc trén hinh 3.23 va 3.24 cho thay, CaCOs téng hop thu duoc
6 cac peak & trong khoang budc song 200 - 400 nm c6 sy tuong dong voi CaCOs
thuong mai va CaCOs3 tong hop tir vo so, twong tu peaks ciia CaCOj3 theo céc tai lidu
tham khao [113, 114, 128].

Két qua tong hop cac bude song cia CaCOs thu nhan duoc va so sanh két qua
nghién curu trinh bay trong bang 3.12.

Bang 3.12. So sanh két qua nghién ctru va tong hop peaks CaCOs trén UV

Diéu kién thi nghiém Peaks tham khao
0,3 M, 60
nliphit 0,3M44°C | 44°C, 90 ml/phut | CaCOasm | A B C
Nhiét do Toc do, ml/phut Nong do, M
28 | 44 | 60 | 60 | 90 [ 120 0,057 | 0,3 | 0,543 | 454
533 533 3635 | 538 | 356
467 | 462 462 254 | 265
358 | 376 | 358 | 362 366 |362 | 376 233
264
229 205

TM: CaCO3 Thuong mai; (a) CaCOs tong hop tir vo so [128]; (b) CaCOs tong hop
bai Ariponamal 2012 [113], va (c) Nangare 2014 [114].
3.3.3. Nhgn dign CaCOs trén nhiéu xa tia X




Intensity (Counts)

Hoa PG trong nudc va bd sung dung dich NaOH tao két tua trang co két qua
tuong thich cao nhat véi portlandite (Canxi hydroxit, Ca(OH)2, PDF number: 99-100-
0115) nhu trinh bay trén hinh 3.25 theo phuong trinh phan trng: CaS04.2H.0 + NaOH
= Ca(OH)2 + NazSO4. Bdng thoi, pho nhidu xa tia X caa mudi két tinh thu dugc khi
bay hoi phan dung dich cho thiy thanh phan chira chu yéu 1a thenardite (NazSOs,
PDF number: 99-100-4889), cling twong ung v&i phan tng trén. PG trudc phan tng
hip thu CO. bao gdm 94,8% CaS04.2H,0; 52% SiO; va cb dang don hinh
(monoclinic). Sau khi PG phan ung véi NaOH thu dugc hdn hop Ca(OH)2 gom 82,5
%Ca(OH)2, 12,4% SiO, va 5,1% CaCOs. Viéc nay co thé duoc giai thich 14 do trong
qué trinh phan @ng, Ca(OH), trong hén hop da tac dung voi CO; trong khong khi va
hinh thanh CaCOs. Ca(OH)2 ¢6 dang hinh hop chir nhat 6 canh (Hexagonal). Na2SO4
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Hinh 3.26. Phd XRD ctia CaCOs3 thu nhan
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Két qua nhidu xa tia X cta cac mau thu nhan CaCOs NPs tai mot sb diéu kién
khac nhau trinh bay trén hinh 3.26 va cac thong s ki thuat di kém khang dinh ban
chat cua cac hat nano CaCOs, do tinh khiét trén 90%. Cau tric tinh thé cia CaCOs3
téng hop duoc khing dinh trén két qua nhidu xa tia X cho thay ban chat tinh thé thu
duogc 13 cac tinh thé CaCOs Véi goc 2 theta tir 10° dén 70° cho thiy peak dic trung
ctia CaCOs xuét hién tai (012), (104), (110), (113), (202), (016),(018), (122). Két qua
phd nhiéu xa tia X twong tu két qua nghién cttu nano CaCOs [129, 130]. Qua trinh
thu nhian duoc CaCOs thach cao nhén tao thu san pham quan sat trén phd nhidu xa tia
X ¢6 cac phd XRD twong dong phé chuan CaCOs ngan hang phd JCPDS# 47-1743
[130]. Tuy nhién, do nano CaCOs thu nhan tir ba thai thach cao photpho c6 chtra silic

nén trong san pham thu nhan van con 1an tinh thé SiO-.

Tir két qua XRD, thu nhan duoc san pham c6 chia 81,7% - 89,6%CaCOs dang
Rhombohedral canxit va 10,4 - 18,3% SiO; 1a cic pha tinh thé chiém wu thé. Trén
XRD, téc d6 90 ml/phut, 44°C khi ndng d6 Ca(OH) tang tir 0,057M, ti 0,3M, 0,5
M kich thuéc tinh thé CaCOs tang tir 49,33; 50,8 va 51,4 nm. Két qua cua Ritaguta
2004 ciing twong tu [85]. O toc do phan ang 90 ml/phat 0,3 M Ca(OH): khi nhiét do
tang tir 28 1én 44 1én 60 °C kich thudc tinh thé CaCOs ting 1én tir 44,7 1én 50,8 1én
60,5 nm twong tng. C4u tric hinh thai CaCO3 trén nhidu xa tia X va kinh hién vi dién
tr quét quan sat thay hinh thai canxit, dang khéi Rhombohedral (khdi hop tru hinh
thoi) ¢ su twong ddéng véi cong bd cua Yash Boyjoo va cong su 2014 [131]. Tuy
nhién khong thay c6 sy chuyén hoa hinh thai sang dang aragonit khi tang nhiét d6 1én
50 dén 70°C nhu cua H.G.Britain 2016 [127]

3.3.4. Kich thwoc hat CaCOs trén DLS

Két qua do phan bo kich thudc hat trong dung dich trén may zeta size cho thay khi
tang ndng d6 Ca(OH). thi kich thudc hat trong dung dich ting. Tang ndng d6 Ca(OH): tir
0,1 M 1én 0,3 M Ién 0,5 M & cung nhiét d6 60°C va tdc do suc khi 60 ml/phtt l[am tang
kich thudc hat trung binh ting 1én dang ké (Hinh 3.27). Chénh 1éch tdc d6 suc khi giita 60
ml/phut va 90 ml/phut twong ddi gan, két qua thi nghiém khong cé sy thay do6i dang ké khi
danh gia anh huong toe do suc khi 60 ml/phut va 90 ml/pht.



88

Size Distrivution by Murmiber
50 (a)
40
L0
10
0
0.1 1 10 100 1000 10000
Size (dnm)
=5
[
£ w
} o
it
gk
o L] W 0 1] 000
S idevr=|
Size Distribastion by intensiy
(c)
60
) i
E &
£ %
:
=20
10
L1
a1 1 10 106 1064 10606580
Saze [drem)

Hinh 3. 27. Kich thuéc CaCOs tai Ca(OH)2 (3) 0,1 M, (b) 0,3 M, (c) 0,5 M

3.3.5. Két qud do SEM
Két qua phan tich SEM (a,b,c,d,e) cho thay hinh thai CaCO3 NPs la canxit khoi

Rombohedric. Khi néng d6 Ca(OH), tang tir 0,04; 0,05, t6i 0,1 va 0,3 va 0,5 M kich
thudc hat tuong tng ting dan. Két qua nay ciing phu hop véi nghién ctu caa Jun
Hwang Bang va cong sy 2015 [132].
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Hinh 3. 28. Anh SEM CaCOs thu nhan tai ndng do Ca(OH)2 khac nhau
Chu thich: (a) 0,04 M: (b) 0,057 M; (c) 0,1 M; (d) 0,3 M; () 0,543 M

3.3.6. Hiéu sudt thu nhgn CaCOs va tiém nding giit CO> ciia b thdi PG

Hiéu qua thu nhan Ca(OH). dung dé tong hgp CaCOs trinh bay trong bang
3.13. Trong d6 ti 1¢ thu nhan Ca(OH):2 tir PGiién xi 1y chiém 45,088%. Véi thu nhan
CaCO:z kich thudc nanomet, ti 1€ CaCOs/Ca(OH)2 1a 33% nén ti 1€ CaCOs thu nhan
tir PG chiém 14,8%. Véi thu nhan CaCOs kich thuéc micromet, ti 16 CaCOs/Ca(OH)2
12 c6 hiéu suit thu hdi 99% (PL.Bang 2.1) nén hiéu suit thu CaCOs kich thudéc
micromet tir PG tuong duong hiéu suat thu nhan Ca(OH), tir PG va chiém 45%.
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Bang 3.13. Hiéu suat thu nhan Ca(OH)2 tir PGy 1y

Khéi lwong (gam)
TN Khéi Khdi Khéi | Khéi Khéi
luong luong lugng | luong luong
PGenw| NaOH | gidyloc | Ca(OH)s | gidy loc | 9"
1y(9) C) @ | @)
1 50,11 | 25,0012 | 2,0636 | 24,7901 | 1,38 | 7,2976
2 50,07 | 25,0202 - 17,9945 - 11,5696
3 50,02 | 25100 | 1,8625 | 18,6285 | 1,1504 | 12,8701
4 50,13 | 25,0210 | 1,3999 | 18,5017 | 1,4613 | 9,4704
5 50,15 | 25,0500 | 1,5175 | 18,6774 | 1,3501 | 9,9138
6 50 25,0800 | 1,5078 | 21,6445 | 1,5807 | 7,4436
7 50 25,0701 | 1,4906 | 13,853 | 1,4229 | 12,842
8 50,13 | 25,1602 | 1,3954 | 23,4166 | 1,3617 | 6,4849
9 1,3710
53,07 25,84 23,1211 | 1,322 | 6,3510
Téng (g) | 400,61 | 200,5012 180,6274 84,2130
Ti 18 (%) 45,0880 21,0211

Bén canh viéc tinh sach PG, tao ra vat ligu CaCOz tir PG viéc xu 1y PG con
g6p phan thém co sd khoa hoc Vé tiém ning luu gitr CO2 cua bd PG DAP1. Uéc tinh
tiém nang giit CO2 tir PG qué trinh thi nghiém nhu sau:

Vi 1,48 g Ca(OH)2 trong 200 ml dung dich, suc CO- thu nhan CaCOs thi clr
1,449 Ca(OH); tao 2 gam CaCOs va gitt duoc 0,88g CO»

Véi thi nghiém quy mé 16n nhét trong nghién ctu: 7,4 g Ca(OH)2 trong 200
ml dung dich, suc CO- thu nhan CaCOs thi ctr 7,4 g Ca(OH)2 tao 10 gam CaCOs va
c6 tiém nang gitr duoc 4,4 g CO,. Tur bang 3.13 thi tinh ra ¢t 16 g PG sé chora 7,4 g
Ca(OH)..

Vay tir két qua nghién ctru, mot udce tinh vé kha ning thu gitt CO2 ciia PG nhu
sau: 16 triéu tan PG cho ra 7,4 triéu tin Ca(OH). tao ra 10 tri¢u tan CaCOs va PG c6
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tiém nang thu giit va giam thiéu phat thai 4,4 triéu tan CO.. V&i cach tiép can nay c6
thé déng thoi tai xir Iy PG 1am vat liéu nano, mciro CaCOs dinh huéng tng dung
trong xay dung do d6 gop phan giam thiéu dién tich bai chén lap PG, dong thoi dung
PG 1am ngudn canxi hap thy CO; ¢6 tiém ning gop phan giam phat thai khi nha kinh
[89].

D3 tong hop CaCOs kich thudc nanomet, micromet tir chét thai thach cao
photpho ma khéng st dung chat phan tan. Hiéu suat thu nhan CaCOs kich thudc
nanomet 13 14,8 % tinh theo PGaa xar 1y, hiéu suit thu nhan CaCOs kich thuéc micormet
13 45 %. Két qua nghién ciru minh chimg trén cac cong cu XRD, DLS, UV-Vis, SEM
va khang dinh hinh thai CaCOs thu nhan dang canxit c6 nhiéu tiém ning tng dung. Vat
liéu thach cao sau loai bo tap chat an toan vé phong xa thoa man yéu cau vat liéu ding
xay nha, nén cac hat canxit thu nhan tir PG dugc khuyén co ding trong vat liéu xay
dung.

Két luan phan 3.3

Str dung PG nhu ngudn canxi cua qua trinh tao CaCOs dua trén hap thy CO2
khong chi 1a cach sir dung lai nguon thai tao vat liéu ing dung trong xay dung ma
con 12 huéng méi dé 1am giam chi phi cta viéc ché tao chat hip phu khi nha kinh tur
CaO. Nghién ctru cho thay tiém nang quan trong trong Vviéc vira gép phan giai quyét
ba thai PG vira gbp phan vao giam phat thai khi nha kinh CO»,

Cac cong cu nghién ctru va phan tich da chirmg minh dugc viéc thu nhan hat
kich thudc nano, micro CaCOs tir PG véi hiéu suat thu nhan nano va micro CaCO3
tir 14 dén 45 %. CaCOs kich thudc nanomet, micromet thu nhan duoc chu yéu ¢ dang
hinh thai canxit cAu trac rombohedral.

Nghién ctru da tao ra nano, micro CaCOz dang canxit tir PG vang sau xur 1y vai
tac nhan Ca(OH)2 ndng d6 ban dau 0,1 M, 0,3 M, 0,5 M téc do suc khi trung binh 100
ml/phit, va khong sir dung thém chét hoat dong bé mit. Nghién ciru cho thay anh
huong cia nong d6 huyén phi Ca(OH), ban dau va tée do suc khi CO2 dén qua tinh
tao thanh kich thuéc nanomet, micromet. Cac két qua chup vat liéu trén SEM, XRD,
DLS, UVVis khang dinh két qua nghién ciru ndy. San pham CaCOs kich thudc
nanomet, micromet thu nhan tir nguén PG da kiém tra an toan phong xa nén cé tiém

ning va khuyén khich sir dung lam vat liéu xay dung.
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3.4. Cacbonat h6a PGmgi ddng thoi tach tap chat
3.4.1. Thanh phin héa hoc ciia PGmgi trwéc va sau xir Iy

Ti 1é trung binh thanh phan héa hoc cua PGmei va PG sau xtr ly véi axit- trung
hoa (diéu kién c6 va khong co qua trinh cacbonat hoa) trinh bay trong bang 3.14 va
hinh 3.30. PGmsi c6 tong ham lugng P2Os 1a 1,38%, gypsum CaS04.2H,0 1a 77,86%
va tong flo 1a 1,15%, SiO; 1a 10,48%. Tong photpho va flo cia PGmsi ldy trén banh
loc 14 cao hon tiéu chuan quéc gia TCVN 11833:2017 [63]. Hinh anh SEM cua PG
& do phan giai 5 dén 30 lan, hinh 3.29 cho thay kich thuéc tinh thé gypsum c6 hinh

cot dai, trong hinh cho thiy céac tap chit Ia cac hat min trén bé mat gypsum.

Bdng 3.14. Thanh phin héa hoc PG va PG sau thir nghiém tai DAP1

Chi tiéu, % PGmei M1 M2 M3 TCVN11833
SiO, 10,48 7,73 7,70 8,82

TOC 1,23 0,31 0,20 0,54

P2Osht 0,55-0,56 0,03 0,024 0,13 0,1 %
P20ss 1,38 0,43 0,4 0,44 0,7 %
HQ loai bé P,0ss 68,84 71,01 68,11

1:2% S‘Z'ung binh loai bo 69,32

CaS04.2H20 77,86 86,5 86,12 84,04

Am 39,02 12,57 12,71 12,95

Hinh 3.29. Anh SEM ctia PGmgsi trudc Xt 1y
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Hinh 3.30. Phd nhiéu xa tia X cua PGmei

3.4.2. S0 sdnh mdu sau xit ly c6 cacbonat héa va khéng cacbonat héa PGgsi

CaCOs: So voi thé chuan ctia CaCO3 PDS No. 01-071-3699 vé tin hiéu pho
XRD, vé cuong do tin hiéu dic trung manh nhat cia CaCOs tai gbc 2theta = 29,3°,
twong ung mit (1 0 4), két qua phan tich trén XRD, tai vi tri 2theta =29,3° tin hiéu
nhiéu xa ctia cdc mau M1, M2, M3, M21 va M22 lan luot 14 997, 1012, 981, 2103
va 6417 count twong ung. Cho thdy goi ¥ rang mau M2 thu nhan sau qué trinh
tach tap chit va cacbonat hoa c6 thé c6 nong d6 CaCOs cao hon M1 va M3 (Hinh
3.31). Va trong cdc mau cacbonat hda thi cudng do nhiéu xa tai vi tri dic trung
cla canxit & 29,3° ctia mau M22 cao hon mau M21 va M2

Bang 3.15. Cuong do nhiéu xa tia X ctia CaCO3 cac mau PGuei sau xu 1y

26 (HkI) M1 M2 M3 | M21 | M22

29,3013 (104) 997 1012 981 2103 6417
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Hinh 3. 31. Tin hiéu CaCO3 mau PG sau xt ly (M1, M2, M3)

- M2 ¢6 cuong d0 tin hiéu cua CaCOs3 cao, SiO2 thép. Céc tin héu nhiéu xa
dic trung trén cong cu XRD co thé thay tin hiéu ctia cac tap chat nhu P2Osts, SiOs,
va Ca(H2P04)2.2H20 (bang 3.14 va 3.16) cia M2 1a thap nhat, phuong 4n ki thuat
xtr Iy thu mau M2 véi axit lodng sau d6 dung kiém du va suc khi CO, vé pH trung
hoa loai bo nhiéu P20s va SiOz va c¢6 thé tao ra nhiéu CaCOs hon. Thong tin vé
so sanh tin hiéu pho nhiéu xa tia X ctia Ca(H2P04)2.2H20, CaHPO4 trudc va sau

xu ly trinh bay trong bang 3.16.

Bang 3.16. Tin hidu phd XRD ciia PGusi va sau xir Iy M1, M2, M3

Cuong d6 nhiéu xa & 2e, hiéu qua (%) | PGmsi | M1 | M2 | M3

Ca(H2P0O4)2.H20" 26= 23,51°(Counts) | 1242 | 186 | 185 | 187

CaHPO4" 20=26,48°(Counts) 500 | 267 | 235 | 270

Chu thich: Thé chuan XRD ctia Ca(H2POa4)2.H,0: PDS 0903047 tai 2theta = 23,51°[133] ,
CaHPO4: PDS 770128 tai goc 2theta = 26,48°[134].

P20sts Mau M2 thu nhan tir PGimsi sau qué trinh vira tién hanh tién xu 1y véi
axit sunphuric 5% va cacbonat héa vdi NaOH va suc khi CO2 c6 hi€u qua loai bo
P20sts 1a 71%, M2 ¢6 cudng do tin hiéu CaCO3 cao hon so véi mau M1 va M3.
D6i v6i thu nhan mau M3, PG méi khuay trong nuée du axit khong trung hoa
thay M3 con nhiéu tap chat photpho déng két tua hon M1 va M2 (Bang 3.16, Hinh
3.33).
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CaHPO4 12 mét trong nhiing dang mudi photpho dong két tiia va kho tan trong
nude do do tan cua CaHPO4 12 1.107. Sau qua trinh xtr 1y, cudng do CaHPO4 tai vi
tri 2theta = 26,48° ctia M1, M2, M3 lan luot 1a 267, 235 va 270 counts.

Ca(H2P04)2.H20 eutectic photpho trong PGusi duoc xac dinh bang XRD, tin
hiéu cua Ca(H2P0O4)2.H20 & géc 2theta=23,51° cia M1, M2, M3 lan luot 12 186, 185
va 187 counts twong tng. Cuong do nhiéu xa ciia Ca(H2PO4)2.H20 va CaHPO4 giam
di dang ké sau qua trinh xur 1y.

X: CaS04.0.5H20 z: CaS0O4 p. Ca(H2PO4)2.2H20
y: CaS04.2H20 r SiI0Z2 C:CaCOo3

— M3

20000 — * — M1

15000 —

10000

Intensity (counts)
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2 Theta (Degree)

Hinh 3.32a. Pho nhiéu xa tia X ctia cac mau PGmei sau Xt Iy (M1, M2, M3)

G :a:{)a H 2,333‘05—20
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Hinh 3.32b. Ph6 nhidu xa tia X ctia mau PGmei sau xir Iy (M2, M21, M22)
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3.4.3. Cac phdn trng xdy ra khi cacbonat héa PG s c6 mat NaOH, CO;
Trong truong hop thu nhan mau M1, sau khi tach loai tap chat véi axit va rira

nuéc, bd sung CaO va dao tron dé dat pH trung hoa xay ra phan tng
CaO + H,0 — Ca(OH): (20a)
Trung hoa PG sau xir 1y c6 thé theo phan tng (20b), (20c)
Ca(OH)2 + H2S04 — CaS04 +2H20 (20b)
Ca0 + H2S04 - CaSO4 +H20 (20c)
CaCOsz c6 thé tao ra theo phan &ng (16)
Ca(OH)2+ CO2 @in = CaCOs+H20 (16).
Trong trudng hop cacbonat héa PGmei thu nhan M2, M21, M22, nong do
NaOH (0,075M; 3,25M va 6,25M) dugc dua vao dich gypsum sau do khi CO2 dugc
suc vao dung dich dén pH trung hoa, va c6 phan ung xay ra giita Ca2* tir PGmsi, OH"
ctia NaOH, va CO2 dé tao ra CaCOs, ti 1¢ giita nong 6 OH" va Ca?* dugc trinh bay
trong bang 3.17.
Bang 3.17. Ti Ié [OH]/[Ca?"] trong thuc nghiém cacbonat hoa PG

Toc do suc CO2 100 ml CO2/phit
[Ca]?* (M) 1,38 1,38 1,38
[OH] (M) 0,0172 0,625 1,25
R=[OH]/[Ca]?* 0,012 0,453 0,906
Mau M2 M21 M22

Khi CO2 duoc suc vao dich PG sau tién xt Iy voi axit, pH ctua dich NaOH-PG
giam nhanh chéng vé pH trung hoa. B6 sung NaOH va COz trong dich PG sau xu 1y
axit theo phan g (14) va (16) dé tao CaCOsin siu boi vi CaSO4 x2H0 tan t6t hon
Ca(OH), hang sb do tan Ksp ctia CaS04.2H,0 va Ca(OH), & 25°C twong tng la
2.4x1075; 6.5x10°® trong nuéc. Phan wng nghich cta phuong trinh (14) hau nhu khong
Xay ra.

CaS0s4.2H,0 + 2NaOH = Ca(OH), + Na2SO4 + 2H,0 (14)

Ca(OH) , + CO, = CaCO; + H,0 (16)

Ca(OH) 1a san phiam phu cua phuong trinh (14) sau d6 phan wng véi CO, dé tao
thanh CaCOg insitu trinh bay trong phan ¢ng (16). Do tan cia CaCOs3 (4.5x10%) 1a thap
hon ctia Ca(OH)2, phan ung nghich cua phan ¢ng (16) hau nhu khéng xay ra, va
CaCOsz in situ dugc quan sat thiy theo phuwong trinh (14) va (16). Theo Yuan va cong
su, CaS04.2H,0 chuyén héa nhanh chong thanh Ca(OH); trong phuong trinh (14) va
nong d6 NaOH tir 0,01 dén 0,1 mol/I thi hau hét CaS04.2H.0 tan trong nong d6 dung
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dich NaOH trén [135]. D¢ tan cua canxi sunphat ngdm hai phan tir nudc la ham cta
nong d6 NaOH & nhiét do phong, do tan cia CaS0O4.2H,0 ting 1én khi ting ndng do
NaOH cho dén khi do tan dat ti da, sau d6 do tan giam di. Theo nghién ctru cua Bang
va cong su, sy hinh thanh cua CaCOs ting lén khi ti 16 R= [OH] /[Ca]?* 1a dudi 1,25
[118], trong nghién ciru cua tdi, ti 16 R= [OH]/[Ca]** 1a tir 0,012; 0,453; 0,906 phu
hop dé phan hay Ca®".

Cac hat CaCOgz insitu thu nhan tir qua trinh cacbonat hoa tao cac mau M2, M21,
M22 dwoc quan sat trén hinh anh SEM (Hinh 3.33 b.d, e). Cac pha tinh thé CaCO3
cua mau M2, M21, M22 duoc quan sat trén XRD hinh 3.32b.

Khi ¢6 mat cua khi COz trong dung dich NaOH-PG, cac hat CaCOs dat dugc
theo phan ung:

CaS04.2H20 + 2NaOH + CO2 = CaCOs+ Na>SO4 + 3H20 (21).

Do thiéu NaOH, M2, M21, M22 tao thanh gdbm ca gypsum va CaCOsinsitu (Hinh 3.33
b, d, va e; va Hinh 3.32b).

So sanh cac hinh anh SEM ciia PGumsi va PG sau xir 1y cho thdy rang trén
bé mit PGmei chira nhiéu tap chit hon so v&i cdc mau M1, M2, M3 (Hinh 3.33
abc). M3 thu nhédn sau qua trinh khudy PG trong nuéc va axit du ¢ sin trong
PGumsi, do d6 M3 van con nhiéu tap chat hon so véi M1 va M2 (bang 3.15, Hinh
3.33).

Hinh 3. 33. Anh SEM ctia PG sau xit Iy ()M 1, (b)M2, (c)M3, (d)M21, (e)M22
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Anh SEM ctia M2, M21, va M22 cho thay su ton tai dong thoi cia gypsum
va tinh thé canxi cabonat. Cac tinh thé gypsum hinh cot dai va ngin, va cac tinh
thé canxit & hé rhombohedral, xuét hién hinh dé hoa. Céc tinh thé canxi cacbonat
vé6i kich thuée nano va micro ndm trén bé mit tinh thé gypsum 1a két qua cua qua
trinh cacbonat hoa thach cao sau tién xir 1y bang axit sau d6 b6 sung NaOH va
suc khi CO2. Anh SEM (hinh 3.33d, 3.33¢) ciia mau M21, M22 san pham thu
duoc gém tinh thé gypsum twong tu anh SEM cua Hinh 4 trong nghién ctru cua
Rahman [136] va Hinh 2 trong cong bd cua Rajkovic [137], Hinh 5a (ca dang
gypsum va canxit) trong cong bd ctia Zarga [138]. Cac tinh thé canxit tao thanh
lién tuc theo phan ung sé (16) sir dung ion canxi ctia phuong trinh (14) va khi
CO,. Qua trinh cacbonat héa nay 1a lién tuc tir tién xtr Iy PG mdi bang axit
sunphuric, sau d6 cacbonat hoa PG sau xtr 1y bai NaOH va suc khi COs».

Trong ndi dung nghién ctru nay, co ché cua qua trinh cacbonat héa twong
ty nhu qua trinh cacbonat hoa san pham Ca(OH)2 thu duoc tir xir 1y PG véi axit
trong phan nghién ciru trén, nhung cac budc thyc hién dugc tién hanh lién tuc va
rat gon budc thu nhan Ca(OH)2 san pham. Trong phan nghién ctru trén, tong hop
nano, micro CaCOs tir Ca(OH)2 thu nhan tir PG bao gém ba budc tién hanh lién
tiép, bao gém tinh sach PG bang axit sunphuric, tong hop Ca(OH), tir PG tinh
sach, va téng hop nano va micro CaCOs tir Ca(OH)2 thu nhan dugc.

Céc tap chat quan sat thay trén bé mit ciia PGmei (hinh 3.29). Bé mit cia
PG sau xur ly (hinh 3.33) muot hon va sach hon so v6i anh SEM cua PG chua xtr
ly, twong tu voi két qua nghién ctru cia Rajkovic [137].

3.4.4. Buéc diu nghién ciru thity héa vita xi méng

PGumsi trude khi xtr 1y chira nhiéu tap chat khong dap tng yéu cau phu gia
lam xi mang theo TCVN 11833:2017 nén khong thir nghi¢m thuy ho4 xi mang co
stt dung PGmsi. PG mei sau xur 1y thir nghiém tron vita xi mang ti 16 khéi luong
thay thé 2% xi mang PC40, két qua thir nghiém cuong do nén va anh SEM cua
mau vita xi mang thuy hoéa M1V, M2V, M3V chtra PG sau xir Iy M1, M2, M3
trinh bay trong bang 3.20, hinh 3.34.

PG sau xtr Iy chira CaSOs, CaCOs khi bj thay thé boi 2% khéi lugng PC dé
dong vira xi mang (M1V, M2V, M3V). Trong qua trinh thuy hoa xi mang, CaSOg4

va CaCOs phan ng véi cac thanh phan hoa hoc cia xi mang PC (nhu clanhke, cac
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khoang C3S, C2S, CsA, C4AF) dé hinh thanh hydro silicat canxi (C-S-H), ettringit
(AFt) dang ciu trac ddng nhat lam xi ming ctng hon.

Quan sat Ettringit trong mau vira xi mang trén SEM

Ettringit (AFt) 1a mot trong cac chat chinh cua tinh chit thuy hoa va biéu
hién cua xi mang podc lang & gidi doan sém nhu cuong d¢ sém cua vira xi mang
dong ran [49, 120, 139, 140]. Trong hinh 3.34, 3.35 vi cdu tric cua vita xi ming
dong ran céc hat ettringit hinh kim dai duogc quan sét thay trén anh SEM va XRD
ctia mau M1V, M2V, trong dong véi cac két qua nghién ctru da cong bd [49, 120,
140]. Hinh 3.34a va 3.34b cho thay cac tinh thé ettringit hinh kim bi l4p trong cac
khoang trong cta vita xi mang mau M2V nhiéu hon so véi mau M1V, AFt bi lap
day ¢ M1V, M2V t6t hon so véi & M3V, cac phén tir ettringit ting cudng va dai
hon & M2V. Do AFt tinh thé hinh kim nhon ¢6 kha ning lam ting ti khdi cua vira
xi mang va lam tang cuong dd nén cua vira xi mang. Céac hat AFt dugc tang cuong
va dai hon & mau M2V 1am ting ti khdi va cudng do nén vira xi ming trong mau
M2V. C4c vat lidu chura phan ing cua vita xi ming (hinh 3.34c) quan sat dugc cac 16
trong mau M3V. Cuong d6 nén vita xi miang M1V, M2V 1a cao hon so véi M3V do
vita M1V, M2V ¢6 cdu tric ddc hon.

Quan sat Ca(OH)> mau vita xi ming trén XRD

Cuong do tin hiéu cua Ca(OH), trong mau M1V, M2V, va M3V trén XRD
quan sat thay o vj tri 2 theta = 18,05° [53]. Tong cudng d6 cia Ca(OH)2 mau M1V,
M2V va M3V lan lugt 1a 953, 905 va 972 counts, ham lugng Ca(OH): trén XRD cia
mau M1V, M2V va M3V lan luot 12 72, 68 va 73%, vdi Ca(OH), trong mau vira
M2V 1a thap nhét, co thé Ca(OH), da hap thu CO2 chuyén sang dang CaCO3 nanomet,

micromet hoic Ca(OH), di tham gia vao viéc tao lién két C-S-H, cho thdy ring

Ca(OH), cua mau vira M2V tham gia qua trinh thiy héa vita xi mang t6t nhat so voi
M1 va M3. Bdng thoi, mau vira M2V ciing c6 két qua cuong do nén 1a cao nhat (Bang
3.19, Bang 3.20).

Quan sat Ettringit trong mau vita xi mang trén XRD

Ettringit (AFt) 1a san pham cua phan ung giira tricanxi aluminat (C3A) va
CaSOs [139]. AFt cho thiy bén viing trong giai doan thiy héa sém cua vita xi
miang [139, 141]. Khi sunphat giam di, néu C3A du trong phan Gng, AFt bat dau
chuyén héa thanh Afm. AFt-ettringit xuit hién & vi tri 2 theta 17,77° theo thé
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chuan PDF No.00 041 1451 va tai liéu tham khao ctia X. Quian va cong su [142]
va S. Luo va cong sy [141]. Cuong d6 cua AFt ¢ 2theta 17,77 cua mau vira xi
mang M2V 1a cao nhat cho thay rang lugng AFt tao thanh tir qua trinh thuy hoa
ctia vita M2V 1a cao nhat, bang 3.18, va anh SEM hinh 3.35b. Két qua nghién ctu
budc dau cho thiy su bd sung miu PG sau cacbonat hoa chira thach cao va canxit co
thé tao ra nhiéu ettringit, sy hinh thanh ettringit tao ra nhiéu san pham rin va giam do
rdng cua xi ming thiry hoa do sy gidn né thé tich 16n cua ettringit va do d6 tang cuong

luc vita xi mang.

Bang 3.18. Cuong d6 tin hi¢u AFt vira xi mang

AFt ¢ vi tri M1V M2V M3V
2theta =17,77
Cuong do nhiéu xa (counts) 550 836 516

Bang 3.19. Cuong d tin hiéu nhiéu xa ctia CaCOj3 va cudng do nén vira xi mang

Mau Cuong do CaCOs3 ¢ Cuong do nén Cuong do nén,
2theta =29,3° 3 ngay (N/mm?) 3 ngay (N/mm?)
(counts)
M1V 813 12 17,04
M2V 854 14 17,28
M3V 686 11 10,55
Chu thich | PDS Card No 01-071- |  Vira trong diéu | Vira diéu kién ngam
3699 kién bao quan kho nude

Quan sat CaCO3 miu vira xi ming trén XRD

CaCOs ciing ¢6 vai tro trong thuy hoa xi ming, tham gia hinh thanh két taa
ctia vai dang hydro silicat canxi (C-S-H) [143]. CaCOs c6 thé phan tng canxi
silicat (C3S) trong xi ming tao gel C-S-H, cang c6 nhiéu CaCOs sé& cang ¢ nhiéu
lién két CSH [144]. Cudng d6 tin hiéu nhiéu xa cua CaCOs d6i chiéu véi thé
chuan CaCO3 PDS.No. 01-071-3699 tai vi tri 2 theta 29,3 trinh bay trong bang
3.19, trong d6 vira M2V st dung mau PGmsi sau xtr 1y véi axit sunphuric va
cacbonat héa véi NaOH va CO; cé cuong do nén thoi diém 3 ngay 1a cao hon
mau M1V va M3V (cdc mau vita khong cé qué trinh cacbonat héa véi NaOH va
suc khi CO2) (Bang 3.19).
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Cuong do tin hi¢u dac trung cua CaCOsz cia M2V ¢ vi tri 2 theta = 29,3,
dat gia tri cao hon so véi M1V va M3V do M2V sir dung mau M2 cé qua trinh
cacbonat tai chd giira Ca%*, CO, va NaOH. Khi M2 tron véi xi miang PC40, CaCOs
trong M2 phan tng v6i C3S tao gel C-S-H, cang c6 nhiéu CaCO3 cang nhiéu gel
C-S-H [144]. Két qua vé thir nghiém cuong do nén cua vira M1V, M2V, M3V
trinh bay trong bang 3.20 va M2V c¢6 cuong d6 nén cao nhat tai thoi diém 3 ngay,
sau d6 dén M1V va M3V trong ca diéu kién bao quan khéng ngdm nudc va cd
ngam nudc.

Bang 3.20. So sanh cudng d6 nén ciia mau vita xi mang st dung PG sau xir 1y

Chi tiéu M1V M2V M3V

F (N) 27265 27335 16890

Cuodng do nén 3 ngay tudi 17,040 17,284 10,556
(N/mm?)

(Két qua thtr nghiém tai Vién Khoa hoc Cong nghé xay dung nam 2021)

Céc két qua cho thay rang cudng do nén cia vira thir nghiém véi PG sau xt 1y
mau M1V va M2V chénh léch nhau it nhung cudng d6 nén M2V cao hon M1V.
Trong ca diéu kién ngdm nudc va khong khi, cuong d6 nén ciia M1V, M2V cao hon
M3V.

K&t qua phan tich nhiét vita xi ming

Két qua phan tich DTA-TG trén hinh 3.36 va 3.37 cta cac miu vita thir nghiém
M1V, M2V cho thdy mat mat khéi lugng theo nhiét 6 cua cac san pham thiy hoa
trong mau vita xi mang M2V va M 1V. Nhan thay rang mau M1V va mau M2V bj
mat khdi luong dan dan khi ting dan nhiét do. Theo tai liéu nghién ctru, quan sat thdy
su mat mat nhiét dau tién xuat hién twong tng truc tung TG & khoang duéi 100°C
theo tai liéu tham khao 1 tin hiéu do mét mat khéi luong cua ettringit [141]. Cac két
qua phan tich nhiét mau vita xi ming nghién ctru thuc hién & giai doan thily héa sém
(3 ngay), khong cho thiy bét ky peak nao xung quanh vi tri 250-300°C lién quan dén
phan hiy hydro canxi monosulfo aluninat (AFm) [141]. Theo tai li¢u tham khao, sy
phan huy cua Ca(OH): 1a ¢ khoang tur 400-550°C theo Qi va cong su 2016 [49], &
400-600°C theo nghién curu cua Taylor 1997 [100], & 470°C va 450°C theo
Stepkowska va cong su 2005 [144], & 500-600°C theo Ramachandran va cong Su
2003 [145]. Tur cac két qua TG, dy doan rang sy phan huy Ca(OH)z cia M1V va



M2V 14 & 469,93°C/574,03°C va 466,9 °C/572,7°C. Ham luong CH hodc Ca(OH)2
dugc tinh theo mat mat khdi lugng & dai nhiét do tir 450-550°C [120, 146], ham lugng
Ca(OH)2 cia M1V, M2V lan luot 1a 8,74 g/100 g xi mang va 6,17 g/100 g xi ming

tuong tng, cho thiy rang qua trinh thity héa dién ra tt hon trong mau M2V so véi

mau M1V.

N
o
! |

IMS-NKL 5.0kV 4.5mm x50,0k SE(M)

Hinh 3. 34. Anh SEM (a) M1V, (b) M2V nhan dang r5 AFt (c) M3V

1,000 IMS-NKL 5.0kV 4.5mm x50.0k SE(M)
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Hinh 3. 35. Phd XRD vita xi miang MoV, M1V, M2V, M3V
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Hinh 3. 37. Phé DTA-TG cua vira M2V

Theo Zemei Wo 2015, tang ham lugng nano CaCOs tir 3,2 1én 6,4% do
r6ng tang lén tor 12,5% - 17,5%. Méac du nano CaCOs3 c6 thé lép hi¢u qua cac 16

9
A

trong bén trong cua vira xi ming thuy hoa, ham luong cao ciia cac hat nano c6 thé
tao ra sy tich tu va giam do chay va tang do nhét [147]. Trong nghién ctru nay,
thay su c6 mit ciia PG da cacbonat hoa vao vita xi ming thuy hoa & thoi diém 3
ngdy quan sat thiy su tao thanh cua ettringit, AFt c6 hinh kim tao ra nhiéu san
pham ran lam giam d6 rdng ciia khdi vita thuy hoa do AFt c6 do gidn nd thé tich
cao gip 3 14an so voi cac vat liéu khac do d6 1am déng dic vi clu truc va lam ting
cudng do nén cua vat lidu. Két qua nghién ctru thir nghiém bude dau phu hop voi

cac nghién ctru trén thé gidi cong bo rang bo sung 2-5 % thach cao va bdt min
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CaCOs; vao xi ming péoc lang 1am cai thién cudng luc vira xi ming tudi sém [91,
92, 94, 95, 97].

Két lugn bwéc dau nghién ciru cacbonat héa PGusi: V6i ham luong P2Os
ts Ca PG mei 13 1,38%. Qua trinh xtr Iy PG bang axit sunphuric va trung hoa cho thay
rang hiéu qua loai b6 trung binh ciia P2Osts 13 69,32 % va cuong do nhidu xa cua
Ca(H2P04)2.H20 va CaHPO4 giam di dang ké

Cacbonat hoa PG sau xir 1y axit sit dung NaOH va CO2 ¢ ti I¢ [OH]/[Ca?*] 1a
0,012; 0,453 va 0,906 13 phu hop dé tao CaCOs nano in site. Khi Xir Iy v&i PGmgi, SO Vi
qua trinh khong cacbonat héa thi qua trinh cacbonat hoa cho thay hiéu qua vé phat
trién cuong d6 nén cua vira xi ming trong qua trinh thiy hoa. Két qua nghién ctu
minh hoa bai két qua phan tich SEM, XRD va TG.

Két qua nghién ctru cacbonat hda PGmsi Cho thay c6 thé it 1y chat thai PG tai
bang tai loc cuia nha may phan bon DAP dé loai bo tap chat phét pho dong két tua.
Va ¢6 kha ning sir dung cacbonat tir qua trinh cacbonat hoa PGmei dé 1am vat liéu xay
dung.

3.5. Thir nghiém thach cao sau xir ly trén vira xi mang

T6i wu hoa cac thong sd cong nghé xir Iy PGer duoc thuc hién trén phan mém
Design Expert 7.0, nong do axit 10% & nhiét do thuong, L/R=3 thu duoc két qua diéu
kién ché do cong nghé tdi vu xir Iy PG

Tién hanh thtr nghiém xir Iy PG tai cac thong s cong nghé trén tai nha may
DAP1 thay hiéu suit thuc té va 1y thuyét thu duoc 13 twong duong nhau. Dé xuat quy
trinh xu 1y PGei lam phuy gia xi mang, trong d6 st dung axit sunphuric 10%, ti 1€
long/ran = 3, nhiét do 29°C, sau d6 ling 10 phut va gan ria voi nudc 3 lan, ti lé
nuéc/chat rin =1, trung hoa CaO 0,09% thu duoc CaS04.2H20 dap tng yéu cau dung
lam phu gia xi mang theo thu nghiém dap tng TCVN11833:2017 va 1S12679:1989,
thir nghiém doc lap tai Vién vat liéu xay dung dat cac chi tiéu hoa 1y (Bang 3.24 va
Bang 3.25) khi st dung PG lam phu gia xi mang.

Bang 3.21. Két qua thanh phan hoa hoc thach cao sau xir 1y

Thanh phan % | CaS04.2H:0, P>0Os SiO SOs F
Cla, % 87,5 0,37 11,2 40,82 0
TCVN11833 >75 <0,7 <0,6

Cla: Mau sau xt 1y tai diéu kién t6i wu
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Bang 3.22. Thir nghiém xi mang tai cong ty c6 phan Thach Cao Pinh Vi

~ . . Nusc | BD KT 3 ngay | 7 ngay | 28 ngay
Tén mau Cap phoi, %
TC(%) | (phut) | (phut) | (MPa) | (MPa) | (MPa)
Clanke | TCTN

TCTN 95,3 4,0 30,00 |120 160 27,3 32,88 |50,55
Cla 95,30 |4,5 30,50 |130 170 25,18 | 32,85 |49,94
Clloc 95,30 |4,5 30,25 |130 170 24,80 | 32,17 | 45,39

Mau Cla: PP gan: tach tap noi, lang, rira 3 lan, trung hoa sita voi.

Mau C1 loc: PP loc: tach tap bang phuong phap loc, rira nuéc 3 lan, trung hoa

stra voi

Panh gia thoi gian dong két va chénh léch thoi gian dong két cia Cla va Cl loc
dugc thu nghiém tao Phong phan tich — Cty Thach cao Pinh VUi dua trong bang 3.23.

Bang 3.23. Két qua thoi gian dong két va chénh léch thoi gian dong két

. .| Chénh 1&ch thoi < )
Thoi gian ket . . Yé&u cau vé chénh 1éch thoi
. , gian ket thuc ] , ,
Mau thac dong ket , gian két thuc dong ket theo
dong ket
(phut) TCVN11833:2017
ATkt = Ttn- Tac
Cla- PP gan 170 10 < 120 phut
Clloc -PP loc 170 10 < 120 phut
Thach cao thién nhién 160

(Két qud ciia nghién ciru dwoc Kiém dinh tai PTN cua Cty Thach cao Dinh Vii)

Chénh léch thoi gian két thic dong két so véi xi mang doi ching cua thach

cao xir Iy phuong phap gan va loc déu dat. Mtc giam cudng do nén so voi xi ming

d6i chiing cia mau PG xur 1y theo phuong phap loc (hiéu suat thu gan 100% thach

cao) tai cac thoi diém 3, 7 va 28 ngay khong dap g dudi 5%. Mac giam cuong do

nén cua mau PG sau xir 1y theo phuong phap gan (hiéu suat thu san pham 50%) tai

cac thoi diém 3, 7 va 28 ngay dcu dap ung d6 giam cuong do nén so véi xi mang doi

chimg dudi 5% (Béang 3.24).

Tai thoi diém 3 ngay hay két qua kiém nghiém tai Cong ty c6 phan thach cao

Pinh Vii, mic giam cuong do nén 1a 7,76 % trong khi két qua thir nghiém tai Vién

Vit liéu xay dyng, mic giam cudong d6 nén 1a -5,8 %. Két qua thar nghiém tai Vién
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vat liéu xay dung cho thay tai thoi diém 3 ngay cudng do nén cua thach cao thu

nghiém tét hon rat nhiéu so véi thach cao thién nhién (bang 3.24).

Két qua cuong do chiu nén 28 ngay dat yéu cau cho phép véi muc sai s thi

nghiém 5-6%. Két luan mau PG ¢ diéu kién ti wu cho phép tng dung thanh céng PG

sau Xu ly lam phu gia xi mang.

Vién Vit liéu xay dung thir nghiém sur dung clanhke ctia nha may xi mang But

Son, d6 Blain 3600 cm%gam. Cong ty c6 phan thach cao Pinh Vil st dung clanhke
ctia Visai Ninh Binh, d6 Blain 3600-3800 cm?/gam. Hai don vi déu st dung TCNT 4

dén 4,5%.

Bang 3.24. Cuong d6 nén va do giam cudng do nén so vai xi mang dbi ching

Giam cuong do nén so

Phuong phap

i Cudng dd | y6i xi mang di chig TCVN 6016:2011
nén (MPa) Rk (1SO 679:2009)
Lr= % Chi thich
PG-H,S04Clloc | Rin 24,80
9,157 % Lr>5
3 ngay Rin 32,17 S Lo s
) 0 R
7 ngay Rin 45,39
10,2077 % Lr>5
28 ngay
PG H.SO4, Cla
3 ngdy Ru 25,18 +7,76% Le>5
7 ngay Rin 32,85 +0,09% Lr <5
28 ngay R o 49,94 +1,206% Lr<5
Thach cao TN
3 ngay Rg 27,30
7 ngay R4 32,88
28 ngay Rge 50,55

(Két qud ciia nghién ciru dwoc thie nghiém tai Phong thir nghiém — Cty Thach cao
Pinh Vi, 2019)
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Bang 3.25. Két qua thi nghiém trén miu xi mang tai Vién vat liéu xay dyng

TT | Mau C1a/Chi tiéu Ponvi | Kétqua PP thir
Mt ting luong nude tidu chuan so véi
. . % 0,5
xi mang doi ching
Chénh léch thoi gian két thuc so véi xi
2 N Phat | 30 phat
mang doi chang
Mtrc giam cuong do nén so véi xi mang TCVN 1833:
dbi chung 2017
3 ‘ %
3 ngay -5,8%
28 ngay 6,2
Muc giam do luu dong cua vira xi mang
4 . . % 0,5
SO V&i xi mang doi ching
; Do 6n dinh thé tich, phuong phap Le " Khong | TCVN 6017:
m .
Chaterlier doi 2015

(Két qud ciia nghién ciru dwoc thie nghiém tai Vien VLXD, 2019)

Nudc tiéu chuan ciia mau c6 PG xur 1y va thach cao thién nhién 1a 30,50 % va 30

% do d6 sy ting lwong nudc tiéu chuan 12 0,5 % gia tri nay thip hon 1 % do d6 mau

c6 do 6n dinh thé tich 1a khong d6i dap tng theo TCVN 11833: 2017.

Két qua thir nghiém tai Phong thi nghiém va nghién ciru vat lidu xay dung LAS-
115 ciing cho thay PG sau xir Iy dap ung TCVN 11833:2017 (Bang 3.26).

Cac két qua thir nghiém va tng dung cho thidy PGe: nha may DAP1 duoc hoa

tach tap chét tai diéu kién axit (axit du, axit sunphuric dén 10%), ¢ nhiét d6 thudng

Véi ty & L/R =3, khudy 350 vong/phut, trong 60 phut, lang nhanh 10 phut, rira 3 1an

V6i nude ty 18 L/R = 1/1, trung hoa dén pH = 7, loc, phoi ning, siy 45°C thu mau dat

diéu kién phu hop thu thach cao nhan tao st dung 1am phu gia diéu chinh thoi gian

dong két trong san xuat xi mang.
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Bang 3. 26. Thir nghiém PTN va nghién ctru Vat li¢u xay dung LAS-115

- Mic ting ton that do luu dong cua

hd xi ming sau 60 phut

TT | Mau C1a/Chi tiéu Ponvi | Kétqua PP thir
Muc ting luong nude tidu chuan so
I % 0,3
véi xi mang doi chung
Chénh léch thoi gian két thuc so véi
2 H 0,5
xi mang doi ching
Muc giam cuong d6 nén so véi Xi TCVN 1833:
ming di ching 2017
3 ) % 2
3 ngay )
28 ngay
Muc giam d6 luu dong cua vira xi
4 o oo % 2
mang so v&i xi mang doi chirng
Do on dinh thé tich, phuong phap Le ) 2. TCVN 6017:
5 . Mm Khong doi
Chatelier 2015
. oz TCVN 3121-
6 | Muc an mon cot thép so véi doi ching % 2
3:2003
Tinh tuong thich gifta xi mang, phu
gia giam nuéc, so ddi chiing 5
_ Muc giam do luu dong cua ho xi %
mang sau tron % 3

(Két qud ther nghiém- Phong thi nghiém va nghién ciru Vat liéu xdy dung LAS-115)

C6 thé thay thé hoan toan thach cao tu nhién bang thach cao di xir Iy trong

ché tao xi miang Pooc lang PC40 cho cac tinh chat nhu lwong nudc tiéu chuan, thoi

gian dong két, do on dinh thé tich va cudong do nén théoa min yéu cau cua TCVN
2682-2009: Xi mang Podc lang - Yéu cau k¥ thuat.

Khi tang ham luong thach cao trong xi mang thi lugng nudc tiéu chuan giam

va thoi gian bat dau va két thiic dong két ting, cuong do nén & tudi sém ting, cudng

d6 nén & 28 ngay tudi & mac chap nhan. MAau thach cao khong chtra thanh phan nguy

hai phong xa.

Mau PG da xur 1y hoa tich véi tc nhan axit, trung hoa lam ting cuong do cing

khi str dung 1am phu gia trong san xuit xi mang va do d6 no co thé duoc sir dung

trong nganh xiy dung dé thay thé thach cao tu nhién trong san xuat, phdi tron xi

mang.
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KET LUAN VA KIEN NGHI
1. KET LUAN

Sau qua trinh thyc hién luan an, luan van cuia t6i da hoan thanh cac ndi dung
nghién ctru va thu duoc cac két qua khoa hoc cong nghé sau:

1) Pa khao sat dic diém thanh phan héa hoc b thai PG liy trén bai chon 1ap
va PGmgi phat sinh trén day chuyén loc cua nha may phan bon DAPI va nha may
DAP2. Ham luong thach cao CaS04.2H:0 trong PG trudc xir 1y chiém 74,550 % dén
77,825% thap hon so vé6i thanh phan thach cao trong PG trén thé gi¢i. Ham am trung
binh ctia ba thai thach cao Viét Nam 32,110% dén 32,850%, ham lugng nude lién két
trung binh chiém 15,255% dén 15,750%. Tap chat P2Osts, Fis, va SiO2 lan luot 1a
1,265% dén 1,340%; 1,08% dén 1,195%; va 10,369 % dén 11,848% cao hon so véi
thanh phan tap chét trong bi thai PG trén thé gigi. Ham luong P2Os s trung binh cua
DAP1 va DAP2 trong PGmei cao hon so voi PGei. Ba PGmei cia DAP1L c6 ham lugng
photpho chiém 14 1,38% cao hon so Véi trong PG chi 1,15%. Ti & P2Os kho tan
chiém trung binh 61,45% cao hon so vdi ti 18 P20s hoa tan trung binh (38,6%).

2) Nghién ctu di tim dugce phuong trinh t6i wu thé hién lién quan cac thong
s6 cong nghé cua qua trinh loai tap chat photpho trong ba thai PGea: Y = 72,22 + 3,77
A+399B+362C-115AC+1,48BC -5,53 A2 - 4,15 B? - 2,05 C?, cac thong
s6 cong nghé t6i wu thich hop loai b P20s trong ba thai thach cao photpho: nong do
axit sunphuric 10%, L/R = 3 (ml/g), nhiét d6 29°C. Sau qua trinh xir 1y, hiéu suat thu
nhan thach cao nhan tao dat 50 % so véi khdi lugng PG dau vao.

Pé xuat qué trinh cong nghé loai bé photpho va céc tap chét trong ba thai PG
«a Clia nha may DAP1 qua cac budc (1) hoa tach ba PG trong axit sunphuric nong do
10 %, L/R = 3, téc do khudy 350 vong/phut trong 1 gid, sau hoa tach gan ling hoic
bom x4 2/3 thé tich dung dich chua tap chét, gan sach nudc, bd sung nude vao ba
thach cao sau hoa tach, ti 1& nugc/chat ran =1, tién hanh rira nude 3 1an, thu chat ran
trung hoa véi CaO ti 1€ 0,09 - 0,11 % thu thach cao dang CaS0O4.2H20 dap trng tiéu
chuan 1am phu gia xi ming TCVN11833:2017.

3) Két qua nghién ctru d thu nhan nano, micro CaCOs thong qua Ca(OH): tao
thanh tir PG khi c6 mat NaOH va CO; khi thay d6i nong do ban dau cua dung dich
huyén phu Ca(OH), tir 0,1 M dén 0,5 M, nhiét d6 28 °C dén 50°C, tdc do suc khi CO2
60 dén 120 ml/phut, két qua cho thdy anh huéng 1 rét cua nong do huyén phu
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Ca(OH)2 ban dau dén qua trinh thu nhan CaCOs kich thuéc nanomet, micromet. Két
qua nghién ctru thu nhan dugc cac hat CaCOs3 hinh thai canxit kich thudc nanomet,
micromet tir ba thai PG cii nha may DAP1 ma khong st dung chat phan tan. Hiéu
suat thu nhan CaCOs kich thudc nanomet 1a 14,8 % tinh theo PGaa xi 1, hiéu suat thu
nhan CaCOs kich thudc micromet 1a 45,08 %. Két qua cho thiy co so khoa hoc vé
tiém nang thu gitr CO, tir qua trinh xir 1y chét thai thach cao DAP1 Pinh Vil Viét
Nam. Vat liéu thach cao sau loai bo tap chat an toan vé phong xa thoa man yéu cau
vt liéu dung x4y nha, nén cac hat canxit thu nhan tir thach cao sau xt 1y dugc khuyén
cao dung trong vat liéu xay dung

4) Két qua nghién ctru budc dau vé qua trinh dong thoi tach tap chat va
cacbonat hoa PGmsi va ing dung mau sau xu 1y vao vita xi mang cho thay qué trinh
xtr Iy PG bang axit co sy tham gia cua tac nhin cacbonat hoa trong giai doan trung
hoa NaOH va suc khi CO, ¢6 vai tro ting cung Vita xi ming tét hon so véi mau xir 1y
khong c6 qua trinh cacbonat hoa. Két qua cuong do nén trung binh cua vira xi mang
tron mau PGmsi duoc cacbonat hoa 1a cao hon so voi cac mau vira xi mang khong tron
mau PGmei cacbonat hoa. Két qua trén SEM, XRD, TG cho minh chang cho thay vai
trd ctia qua trinh cacbonat hoa PG d6i véi tang cung vira xi mang so véi qua trinh
khong c6 cacbonat hoa.

PGmsi sau khi hoa tach tap chét bang axit sunphuric 5% va cacbonat hoa PG
mei Khi bang NaOH du, suc khi CO2 Vé trung tinh, cho thiy PG hoa tach tap bang axit
sunphuric 12 ngudn Ca?* thich hop dé hap thu CO2, tao CaCOs insitu. Cac minh chirng
trén SEM va XRD va co ché phan ng cho thay sy xuat hién caa CaCOsz in siu trong
qua trinh dong thoi tach tap chat va cacbonat hoa.

2. KIEN NGHI

Tiép tuc nghién ctru phdi hop véi doanh nghiép hoan thién xir Iy PG 1am phu
gia xi ming dap ung cac muc tiéu kinh té tuan hoan, phat trién bén viing.

Dinh hudng tiép tuc nghién ciru kha ning tai sir dung P2Os hoa tan trong nude
thai qua trinh xtr ly PG dung cho muc dich nong nghiép.

Dinh hudng nghién ciru quay vong nudc rira va thu hoi flo cho san xuét cua

nha may san xuat phan bon DAP.
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NHUNG PONG GOP MOI CUA LUAN AN

1) B3 nghién ctru tdi wu hoa cac diéu kién loai bo photpho trong PG va di tim
dugc phuong trinh hdi quy mé ta quan hé giira hiéu suét loai bo photpho trong b PG
trén bai ciia nha may DAPI va cac thong sd cong nghé: ndng do axit, ty 1& 1ong/rin
va nhiét do;

2) Mot trong nhitng nghién ctru dau tién thu nhan canxi cachonat (CaCOs) kich
thudc hat nanomet, micromet tir ba thai PG bai luu chira ciia nha may DAP1, DPinh
Vi — Viét Nam.

3) Nghién ctru budc dau cho thay vai tro ciia qua trinh dong thoi tach tap chat

va cacbonat hoa trong xir Iy bd PG méi phat sinh dén hiéu qua ting cing vira xi mang.
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PHU LUC
PL. Bang 1.1.a: Két qua phan tich oxit kim loai cia mau PG.; cia DAP1

Wien Khoa hoc Vat lieu — DT: 0212 891 363 XRF Report
File: C:“Huw\Fhach\M3-DAP1-30S0.tEfr
4:14:02 PM 1E—Dec—17

Layer Table
# Thick Type Error Units Density Norm. Total
1 0.00 Bulk 0.00 mgsom2 o.00 on 100.00
Sample Table
Layer Componentc Type Concn. Errorx Unitcs Mole®

2 5102 Calc 13.210 o.2495 WT % 30.139

1 F205 Cale 1.354 0.058 Wt.% 1.308

1 S03 Calc ©.000 0.000 WT.% 0 .000

1 20 Cale ©0.231 0.010 WT.% O.238

1 CaSO4H402 Calc 84.491 0.546 wWt.% 67 .273

i Ti0Z Calc ©.267 0.010 WT.% 0.458

1 Moo Cale ©.021 0.002 WT.% o.041

1 Fe203 Cale ©.223 0.005 Wt.% 0.191

a sSxro Cale ©.182 0.003 WT.% 0.2490

1 ¥203 Calc ©.022 0.001 wWt.% 0.013
Elem=nt Table
Elmt Line Cond. Intensity Error Conc. Calib.

Code Code e/ =) (/=) Coeff.

H Ha o o.00 0.000 1.279 0.0

o Ha o o.00 0. 000 55.157 0.0

sS4 Ka 1 38.72 o.718 6.175 0.0

e Ha 1 =.40 o.335 O.591 o.0

E] Ha 1 4TT.242 2.523 15.735 0.0

K Ka 1 7.01 0. 306 0.191 0.0

ca Ha 1 260.56 3.579 19.662 0.0

Ti Ha 1 a.60 0.358 0.160 0.0

Mo Ha 1 z.04 0.165 0.016 0.0

Fea Ha 1 z23.o09 0.555 0.156 0.0

sr Ha 1 39.60 o.727 0.154 0.0

k4 Ha i 4.14 0.235 O.017 0.0

Condition Table

# Targec Filtex Thick. uA ———Decectoxr——— Thick. Atmos Presec Actual

{mon ) Tvpe Filtexr [ g5 8] Time (s) Time (s)

1 Rh [ 3.0 0.0 50.00 Si pin C 5.0 Vac 300.0 300.0

(Ki hiéu gtri mau PG DAP1: M3)

PL.Bang 1.1.b: Két qua phan tich oxit kim loai cia mau PGe; cia DAP2

Vien Khoa hoc Vat lieu - DT: 0912 891 363 XRF Report
File: C:“HuyvZEKhach\MZ-DAPZ-3050.tfr
4:04:34 PM 18-Dec—17
Layer Table
# Thick Type Error TUnits Density Morm. Total
1 0.00 Bulk 0.00 mgScm2 0.00 on 100.00
Sample Table
Layer Componsnt Type Concn. Error TUnits Mole%
i 5102 Calc 10.550 o.212 WC . % 24.512
i P20O5 Calc 1.666 O.057 Wt . & 1.639
i S03 Cals 2.4916 o.012 WT . % 4.212
i E20 Calc 0.132 . 007 WC . % O.196
1 CaS049H402 Cales B4.536 0.%512 wE . % 68.541
1 Ti0Z Calc o.207 o.009 W . % o.363
i Mol Calc O.024 o.002 WC . % o.047
1 Fe203 Calcs ©Q.267 0.006 WL . B 0.234
1 SO Calc 0.183 0.003 WL . % o.296
1 ¥203 Cals 0O.018 0.001 Wt . & 0.0131
Element Table
Elmt Line Cond. Intensity Erraor Conc . Calikb.
Code Code (/=) (/=) Coeff.
H Ha o o.00 Q. 000 i1.280 Q.0
o Ka o 0.00 0.000 55.363 o.o
S5i Ha 1 2.90 D.662 4.932 0.0
P Ha i ii.29%9 0.388 o.T727 o.0
5 EHa 1 E&65.13 2.745 16.711 0.0
K Ha 1 4.24 0.238 0.110 Q.0
Ca Ha 1 i0z1.89 3.691 i9.6792 0.0
Ti EHa 1 T.892 0.325 0.124 0.0
Mn Ea 1 Z.43 Q.180 o.018 Q.0
Fe Ha 1 29 .48 0.8627 o.187 0.0
S5r EHa 1 42 .32 0.751 0.155 0.0
¥ EKa 1 2.57 0.218 0.014 Q.0
Condicion Table
# Targec Filtex Thick. K LEF=1 ——Decector—— Thick. Atmos Presatc Actual
() Tvpe Filter {am) Time (=) Time (=)
1 ERh c 9.0 a0.0 50.00 Si pin C 9.0 Vac F00.0 300.0

(Ki hiéu gtri mau PG DAP2: M2)
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PL.Bang 1.1c. Két qua ham lugng oxit kim loai cia mau PG msi DAP2

Wwien Khoa hoc Wat lieu — WVietSpace 5S5008P HRF Report
File: D:\Huy\Chi-HCTH\M1-DAP2Z—-30S50—-N.mca
10:22:28 AM O0S—Jan—138

Layer Table

# Thick Tvee Ezzrox Unitcs Density Norm. Total
i o.00 Calc o.o00 uinch .00 ore i100.00

Sample Table

Layex Component Tyees Conoen. Exzor Tnits Mole%
a ALZOS Calc 1.058 o.143 wE L Z.oa0
i Si0z Calc 10.187 O.1z28 Wit . 22.23286
1 P20O5 Calc 4.831 D.095 wWE . % 6&.692
i el ] Calc o.204 0.012 Wit . 0.425
1 (CaSO4)2 H2OCalc 83.099 D.343 wWE . % 56.284
i TiOZ Calc o.180 0.006 Wit . 0. 443
1 MO Calc o.119 0.003 wE L% 0.330
1 FeZo3 Calc o.22% 0.0049 Wit . O.282
a SxO Calc o.084 0.002 wE . % 0.159
1 T2o3 Calc O.010 0.001 Wit . Q. 005

Element Table

Elmc Line Cond. Incensicy Erraox Conc. Calib.
Code Code (=5 ] (=S =) Coeff .
H Ha Q .00 0 . 000 o.577 [+ )
o Ha o O.00 0 . 000 S0 .081 .0
Al Ha N 26E.15 3.545 0.580 [+ )
S5i Ha 1 EOT .33 T.628 &, Taez .0
B Ha N 4TE .66 9.4924% Z.108 [+ ]
= Ha a 1D0E9 .62 2 S0.415 18357 o.o
T Ha N &0 .38 3.577 0.169 (o]
Ca Ha 1 92010.21 25.408 2Z.946 .0
TA Hae E E5.F3 Z.303 o.108 (=]
M Ha 1 133.57 3.396 0.0892 .0
Fe Ha i 2828 .01 4 .558 0.180 .0
=3 3 Ha a 70 .28 S.1i18 o.o073 o.o
W Ha a1 27T .82 3.101 o.oo08 .0
Condition Takle
# Targ Filcer Thick. 4o vl ———Decectcor——— Thick. ATtmos Freset Accual
g = Tves Filtex mg S =me Tadmes (=p) Times (=)
1 ERh HS55015C30 1.9 30.0 50.0 S51 drifc HE66C3S4 0.6 Wac 0.0 A133.1

(Ki hiéu giri mau PGmsi DAP2: M1)
PL.Bang 1.1d. Két qua phan tich oxit kim loai mau PG m¢i DAP1

Vien Khoa hoc vat lieu - VietSpace 5008P XRF Report

File: D:\Huy\Chi-HCTN\M4-DAP1-30S0-NS.tfr
i0:18:26 AM 0S—-Jan-18

Layer Table

# Thick Type Exxox Unics Density Noxrm. Total
i 0.00 Calc 0.00 uinch 0.00 orr 100.00

Sample Table

Layexr Component Type Conecn. Exrxor Units MoleSs
b § AIZ203 Calc 1.3312 O0.146 wWC.% 2.578
1 Si02 Calc 10.48S 0.127 wt. % 34.471
1 P20S Calic 2.679 0.089 wWC.% 3.728
1 K20 Calc 0.260 0.013 wT.% 0.54S
b S {CasOC4)2 H2CCalc s84.712 0.341 WC. % 57 .645
1 Tio2 Calc 0.1%2 0.007 wC.% 0.47S
1 MnoO Calc 0.0S3 0.002 wWT .3 0.146
1 Fe203 Calc 0.19S 0.003 wc.% 0.241
1 SxO Calc 0.08S 0.002 wE. % 0.161
1 Y203 Calc 0.010 0.001 wC.% 0.009

Element Table

Elmr Line Cond. Intenssicy Exrrox Conc. Calib.
Code Code (c/s) (c/=) Coeff.

H Ra o ©.00 ©.000 o.ses8 0.0

Lo Xa o ©.00 0.000 49.945 0.0

Al Ra b § 34.14 3.758 0.704% c.0

Si Xa - & €46.89 7.850 4.901 0.0

P Ka 8 274.43 9.112 1.1269 0.0

s Xa b B 10883.84 31.698 18.713 0.0

9 Xa 1 80.34 3.903 0.216 0.0

Ca Xa 1 9522 .55 26.483 23.392 0.0

T Ra 3 72.01 2.50s¢ 0.115 0.0

Mn Xa b § €60.72 2.578 0.04x c.0

Fe Ka i 252.84 4.336 0.136 0.0

Sr Xa i 282.01 5.232 0.072 0.0

Y Ka > 28.61 3.167 0.008 0.0

Condition Table

# Targ Filter Thick. XV uhi ——-Detector——-- Thick. Atmos Preset Actual
mg/cm2 Type Filtex mg/cm2 Time (s) Time (s)
1 Rh HSS5015C30 1.0 30.0 S50.0 S1i drifc HE66C34 0.6 Vac 0.0 i32.3

(Ki hiéu gtri mau PGmsi: DAP1 M4)
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PL.Bang 1.2a. Két qua phan tich thanh phan nguy hai v co PGmsi DAP1

Nong d6 ngam chiét- Ctc | Ham luwong tuyét doi —Htc

TT ?hi Két qua Neuong Két qua, H, Neuong

tiéu CTNH, CTNH,

ppm ppm ppm
ppm ppm

1 [sb 0,003 1 2,68 20 12,60
2 |As 0,009 2 9,85 40 25,19
3 |Ba 2,988 100 379,50 2000 1259,29
4 |Ag 0,19 5 26,99 100 62,96
5 |Be 0,06 0.1 0,89 2 1,26
6 |Co 0,02 80 2,86 1600 1007,43
7 |Pb 0,01 15 27,54 300 188,89
8 |Ni 0,1 70 11,97 1400 881,5
9 [ Mo 0,002 350 1,537 7000 4407,5
10 | Se 0,03 1 <0,2 20 12,59
11 [ TI KPH 7 <0,2 140 88,15
12 |V 0,02 25 16,45 500 314,82
13 | cd 0,003 0.5 0,24 10 6,30
14 | Cu 0,03 315,47 0
15 [ Cr 0,17 78,21 100 62,96
16 | Hg 0,0001 0.2 0,25 4 25
17 |F 190 180 12000 3600 2266,71
18 | pH 2 >12,5 hoic <2
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PL.Bang 1.2b. Két qua phén tich cac thanh phan nguy hai vé co trong PG «z DAP1

Nong d6 ngam chiét- C tc Ham luong tuyct doi ~Hic
T=0,748
Chi tiéu | Két qua, Neuong , Ngudng CTNH,
ohan tich opm CTNH, Két qua, ppm opm
ppm

Sb 0,002 1 2,137 15,21
As 0,0085 2 7,052 30,42
Ba 2,963 100 462,1 1521,2
Ag 0,17 5 19,272 76,06
Be 0,051 0,1 0,61 1,521
Co 0,02 80 2,69 1216,96
Pb 0,011 15 25,89 228,18
Ni 0,097 70 9,09 1064,84
Mo 0,0012 350 0,98 5324,2
Se 0,03 1 15,212
TI 7 106,48
V 0,018 25 12,89 380,3
Cd 0,003 0,5 0,12 7,60
Cu 0,03 0 298,64 0
Cr 0,17 0 76,21 76,06
Hg 0,0001 0,2 0,24 3,04
F 192 180 10120 2738,16
pH 0 2,7 > 12,5 hoac <2

QCVN 07: 2009/BTNMT: Quy chuan ki thut qudc gia ngudng chat thai nguy hai. Ngudng ham
lwong tuyét déi (Hte,ppm) tinh bang cong thirc Htc = H*(1+19*T)/20. Trong d6: H (ppm) 1a gia tri
quy dinh trong cot Ham luong tuyét déi co s, H cua bang 2 va 3 caa Quy chuén lam co s& tinh toan
gia tri Htc. T: Ti s6 gitta khdi luong thanh phan rin kho trong mau chat thai trén tong khdi luong

mau chat thai:
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PL. Bang 1.3: Thi nghiém khao sat thoi gian ling cac 1an ria

. o w pHsau | Luong
Thot N Thot gian | Thé tich
. Tilé Lan rta L. thém nudc nudc
gian Tac nhan ) . ) cho lang | nudc rira . )
P Long/Ran thir ] & khuay, | ganbd
Khuay (phut) (ml) .
lang (ml)
) Sunphuric
1 gio 1:3 10 0,2 2480
10%
10 phut Nudc 1:1 1000 0,6 1130
10 phut Nudc 1:1 1000 1,5 1000
10 phut Nudc 1:1 1000 2,2 1140
PL. Bang 1.4: So sanh tap chat photpho dong két taa con lai sau xtr 1y bang
sunphuric va xitric
Tén mau PG sau xur Iy PG sau xu Iy
Cla
Dang photpho Goéce Cuong do Til¢ Cuong do Til¢ (%)
2theta (counts) (%) (counts)
Ca(H2P04)2.H20 (1) | 23,5109 150 29,03 592 15,3
23,4812 175 435
23,5406 155 389
CaHPO4 (2) 26,421 252 41,92 289 10,6
26,4506 209 313
26,4803 233 374
Cas(P0O4):2 (3) 31,083 160 29,03 2723 74,03
Tong cuodng do 551 3070
(Counts)
Chua thich PG sau xur 1y sunphuric PG sau xu 1y xitric
gyp vang 7/3

Két qua cho thay, so véi mau dau vao, PGe Sau Xt 1y toi uu c6 ham luong
photpho kho tan dang Caz(POs)2 (29%) thap hon so véi PGe dau vao (bang 1.4b)
(67,15%). Cho thiy vai tro cia axit da lam giam photpho déng két taa trong PG sau

qua trinh xir 1y tdi wru.

Bang trén cho thay sunphuric c¢6 kha niang cong pha photpho dang Cas(PO4):

t6t hon so véi xitric. Dang photpho kho tan Cas(PO4)2 sau Xt 1y xitric con lai 1a cao

hon xtr 1y sunphuric. Téng P ctia mau sau xir Iy voi Xitric ciing cao hon so véi mau

xir ly bang sunphuric.
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PL. Hinh 1.2a: Phé XRD cua PG sau xur 1y ¢ 30% axit sunphuric, 90-95°C

PHONG HOA PHAN TICH

24840 A

410530

30-80-95

PDF 00-006-0047 Ca 5 04 -2 H2 O Gypsum
PDF 01-075-5872 Ca { § 04 ) Anhydrite, syn
PDF D0-033-0360 Si 02 Moganite

I T |

Pattern List : 30-80-95

]. . |.|.... N TP (N ?

50

2Theta (Coupled TwoTheta/Theta) WIL=1 54060

60

70

Index Color Sean Compoung Name Formula System IVle: DB S-Q
1 ] 30-90-95 brml #1 | Gypsum CaS504-2H20 Monoclinic (1) 971 %
2 | 30-90-95_ brml #1 | Anhydrite, syn Ca(5S04) Orthorhombic |1.750 22%
3 = 30-90-95 brm| #1 | Moganite 5102 Monoclinic (1) 0.7 %
Wavelength Space Group
1.54060 A 12/a (15)
1.54060 A Bbmm (63}
1.54060 A 1(0)
a
5.68000 A
6.23000 A
4.93400 A
c alpha
15.18000 A £.51000 A
6.93000 A £.97000 A
10.76100 A 8.53300 A
beta gamma Yolume Density

118.400 * 49375 A 2316 gjcm?®

303.09 As 2.983 gfem?®
92.290 45270 A 2550 glem

PL. Hinh 1.2b: Phd XRD cuia PG sau xir Iy 90°C-45% axit sunphuric
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{Coupled TwoTheta/Theta)

PDDIJD—: 1 900-45%-CHUA RLA
1 | FDF D1-080-0787 Ca [ & 04 ) Caicium Sulfate
1 FDF D0-048-1045 Si O2 Quartz, syn

=3
=}
=
=1
Tu..l..

8 8
= =
TovnnanT

Counts

30000~

¥ o d P S N S WU ST

T T T T T T T T T T T
10 20 30 40 60

2Theta (Coupled TwoTheta/Theta) WL=1.54060

Pattern List #1

Index Color Scan Compeund Nama Formuls System Ilc DB
1 ] 900-45% CHUA RUA brml #1 | Calcium Sulfate Ca(504) Orthorhombic |1.750
2 ] 900-45% CHUA RUA brml #1 | Quartz. syn S102 Hexagonal 3.410
5-01 Wavelength

96.9% [1.54060 A
31% [1.54060 A

Space Group a
Bmmb (63) £.99200 A
P3221(154) |4.91344 A

b [ alpha | beta | gamma
£.99900 A £.24000 A
540524 A
Volume Density
305.37 Az 2.961 gfem®
113.01 A2 2.660 glem?®

Element List #1

Show | loon Calor Index Nams Parent Element | Z | Element Nama
Yes I (] 1 O [8] - Oxygen Element List#1 |O 3 Oxygen

Yes ] 2 Si[14] - Silicon Element List #1 |51 14 | Silicon

Yes 1 3 5[16] - Sulphur | Element List #1 |5 16 | Sulphur

Yes = 4 Ca [20] - Calcium |Element List #1 [Ca 20 |Calcium

Oxida | Cone. SQD | Delta | Status

Oxygen |47.2 % na. Both
5i02 14% na. Both
503 228 % n.a. Both

Ca0 285% na. Both




131
PL.Hinh 1.2c: Phd XRD cuia PG sau xir 1y véi axit sunphuric 25%, & 90°C, say
105°C trong 2 gio

{Coupled TwoTheta/Theta)

3 | 906C-25%-1050C-2h
] | POF 00-037-1496 Ca S 04 Anhydrite, syn
50000— | PDF 0D-048-1045 5i 02 Quartz. syn

40000

30000-

Counts

20000—

D L_JJ¢J‘1 i\ 4IDJ.LLILL.L.L5|; | J\LLBDLL .t

10 20 30

2Theta (Coupled TwoTheta/Theta) WL=1 54060

Pattern List #1

Inclex Golor Sean Compound Namg Formula Systam I/l DB 3Q
1 = oc Bzt bmml - pnpydrite. syn CaS04  |Orthorhombic |(1) 974%
2 - 3?“0'25 %-1050C-2hbrml 10 oz syn Si 02 Hexagonal  |3410 [26%

Wavelength Space Group
1.54060 A Bmmb (63)
1.54060 A P3221(154)
2
£.99330 A
491344 A
b C alpha | beta | gamma
7.00170 A 524110 A
540524 A
Volume Diansity

305.60 A2 2 959 gfem®
113.01 As 2 660 glcm®
Element List #1

Show | leon Color Inclex Name Parent Element Z Element Mame
Yes I =] 1 0 [8] - Oxygen Element List#1 |0 8 Oxygen
Yes ] 2 Si [14] - Silicon Element List#1 |Si 14 | Silicon
Yes [ 3 S [16] - Sulphur  |Element List#1 |S 16 | Sulphur
Yes = 4 Ca [20] - Calcium |Element List#1 |Ca 20 |Calcium

Oxide | Conc. SQD | Delta | Status
Oxygen [47.2% n.a. Both
Si02 [12% na. |Bath
503 229% na. |Bath

Cal 287 % n.a. Bath




{Coupled TwoTheta/Theta)
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Counts

PL. Hinh 1.2d: Phé XRD cta PG sau Xt Iy voi sunphuric 90°C-25% axit sunphuric

1 3DDD'§
12000—?
11 um:é
mnuu—_é
gouu—é
3000—%
TODD—E
aouu—z
5000—_?
4001:%
3000—5
zouu—_i
1 om:é

03

906C-25%

POF Q0-037-1496 G2 § 04 Anhydrite, syn

PDF 01-070-7244 51 02 Quartz

I
10

2Theta (Coupled TwoTheta/Theta) WL=1.54060

Pattern List #1

A JJ\—LJ L J\ JLJJ\I Ak, |9 ‘\ Jlt ot b P o

Index Color Scan Compound Name Formula System IVl DB S0
1 ] 900C-25%.brml #1 | Anhydrite. syn Ca S04 Orthorhombic | (1) 93.9%
2 ] S00C-25%.brml #1 | Quartz Si02 Hexagonal 3.050 6.1%

Wavelzngth Space Group
1.54060 A Bmmb (63)
154060 A P3221 (154)
a
6.99330 A
491455 A
b C alpha | beta | gamma
7.00170 A 624110 A
5.40649 A
Volume Density

305.60 A 2.959 gfem®
113.09 A 2.647 gfem®
Element List #1
Show | leon Color Index Name Parent Element | Z | Element Name
Yes I (] 1 O [8] - Oxygen Element List#1 |O 8 Oxygen
Yes ] 2 Si[14] - Silicon Element List #1 |Si 14 | Silicon
Yes — 3 S[16] - Sulphur  |Element List#1 |S 16 | Sulphur
Yes = 4 Ca [20] - Calcium |Element List#1 |Ca 20 |Calcium

Oxide | Conc. 5QD | Delta | Status
Oxygen [47.4 % n.a. Baoth
Si02 28% n.a. Bath
S03 221 % n.a. Bath
Cal 2717 % na. Baoth
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PL. Hinh 1.2e: Pho XRD ciia PG sau xir 1y vai axit sunphuric 95°C-25% axit
sunphuric

(Coupled TwoTheta/Theta)

1 1 950C-25%-504
| PDF 01-070-0908 Ca [ 5 ©4 ) Calcium Sulfate

30000—
J | FDF 01-079-1910 §i OZ Quartz, syn
20000~
w J
E ]
Q
s 4
10000—
ol L 1 ,J, L L L4
I T [ T T T | T | I T
10 20 30 40 50 60

2Theta (Coupled TwoTheta/Theta) WL=1.54060

Pattern List #1

Index Colar Sean Compound Nameg Formula Systam Iflc DB 8-
1 - §o0C29%SObM | Cojcium Sufate  [Ca(S04)  [Orthorhombic [1.740  [94.8%
2 - 3?DC_25 -804 brm| Quartz, syn Si02 Hexagonal 3.070 52%
Wavelzngth Space Group
154060 A Bmmb (63)
154060 A P3121 (152)
a
6.99200 A
4.91400 A
b [ alpha | beta | gamma
6.99900 A 624000 A
540600 A
Volume Density
30537 A 2 961 glem®
113.05 A= 2 648 glem®

Element List #1

Show | lson Color Inclex Name Parent Element | Z | Element Name
Yes I [ 1 0 [8] - Oxygen Element List #1 |O 8 Oxygen

Yes = 2 S3i[14] - Silicon Element List #1 |Si 14 | Silicon

Yes . 3 S [16] - Sulphur  |Element List #1 |3 16 | Sulphur

Yes = 4 Ca [20] - Calcium |Element List #1 |Ca 20 |Calcium

Orite | Conc. SQD | Delta | Status

Oxygen |47.3 % n.a. Both
5i02 24% n.a. Both
503 223% na. Both

Ca0 279 % n.a. Both
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PL. Hinh 1.2f: Pho XRD ciia mau PG sau xir Iy 10% sunphuric, nhiét do thuong

PHONG HOA PHAN TICH

Counts

1 BDDD—E
1 ZDDD—E
" DUD:E
1 DDUD—E
QODD—E
EOEID::
?OUD—E
EOUD—E
EODD—E
4000%
EODD—_;

20002

e L

1 MAU73
1 PDF 01-079-1910 i Q2 Quartz, syn
| PDF 01-070-0983 Ca (5 04 ) { H2 O )2 Gypsum

20 30

2Theta (Coupled TwoTheta/Theta) WL=1.54060

Pattern List : MAU 7-3

40

60 70

Index Color Scan Compound Nams Farmula Systam Iflc DB S5-Q
1 ] MALU 7-3.brml #1 | Quartz, syn Si02 Hexagonal |3.070 103 %
2 | MAU 7-3.brml #1 | Gypsum Ca(S04)(H20)2 Maonoclinic | 1.760 89.7 %
Wavelength Space Group
1.54060 A P3121 (152)
1.54060 A 12/c (15)
a
491400 A
5.67000 A
b c alpha
540600 A
1520100 A 653300 A
beta gamma Yolume Density
113.05 A® 2 648 gfcm®
118.600 ° 494 37 A= 2313 gfecm®




PL. Bang 2.1: S6 liéu tong hop Ca(OH)2 tir PGtién xa 1y diing dé thu nhan nano, micro
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CaCOs3
] khéi | V | Téc ] khoi Khoi
Ngay | khoi \Y thol | m giay
luong | H2 do ) luong luong can
M¢ | thuc | luong | H20 , | gian loc ,
= NaOH | O | khuay Ca(OH). | giay den
hién | PG (g) | (ml) (h) | (9
(@ [ (ml)| rpm) @ |loc(®| (9)
1 | 29/4 | 50,11 | 100 | 25,0012 | 250 | 350 | 3 |2,0636| 24,7901 | 1,38 | 7,2976
2 | 04/5 | 50,07 | 100 | 25,02 [ 250 | 350 | 3 - 17,9945 - 11,5696
3 1055 | 5002 | 200 | 251 |250| 350 | 3 |1,8625| 18,6285 |1,1504 | 12,8701
4 | 07/5] 50,13 | 100 | 25,02 | 250 | 350 | 3 [1,3999 | 18,5017 |1,4613 | 9,4704
5 | 08/5| 50,15 | 100 | 2505 | 250 | 350 | 3 |1,5175| 18,6774 |1,3501 | 9,9138
6 | 13/5 50 100 | 25,08 | 250 | 350 | 3 |1,5078| 21,6445 |1,5807 | 7,4436
7 | 14/5 50 200 | 25,07 | 250 | 350 | 3 |1,4906| 13,853 |1,4229 | 12,842
8 | 15/5 | 50,13 | 100 | 25,16 | 250 | 350 | 3 |1,3954 | 23,4166 | 1,3617 | 6,4849
100 1,371
9 | 26/6 | 53,0668 25,8397 | 250 | 350 | 3 23,1211 | 1,322 | 6,351
Tong | 400,61 180,6274 84,213
% 45,1% 21,02%
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PL. Bang 2.2. Piéu kién thi nghiém téng hop CaCOjs kich thudc nanomet, micromet

Piéu kién thi nghiém

™ Nong do Tbc do khi Nhiét d6
20 0,1 M 60 60
12 0,3M 60 60

6 0,1 M 60 28
25 0,057 M 90 44
26 0,543 M 90 44
10 0,3M 60 28
24 0,1 M 120 28
19 0,3M 90 24
17 0,3M 126 44
9 0,3M 60 28
16 0,3M 90 63
13 0,5 M 60 60
14 0,5 M 60 60
™

21 0,1 M 120 60
11 0,5 M 60 28
22 05 M 120 60

7 0,1 M 60 28
23 0,5 M 120 28
15 0,3M 90 44
18 0,3M 54 44
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PL. Bang 2.3: Két qua danh gia SiO, va CaCOs trén XRD, SEM

Piéu kién Thanh phan % Kich Kich
Thi |Nong| tocdd | Nhiét thugc | thudc trén
nghiém | do suc do CaCOs3 | SiO: XRD SEM
(M) | (ml/phuat) | (°C) (nm) (nm)

8 0,1 60 28

9 0,3 60 28

11 0,5 60 28

20 0,1 60 60 87,7 12,3 55,90

12 0,3 60 60

13 0,5 60 60

19 0,3 90 25 89,6 10,4 40,28

16 0,3 90 64 81,7 18,3 54,12

15 0,3 90 44 82,8 17,2 45,65 | 100-1000
17 0,3 126 44

18 0,3 54 44 88,9 11,1 52,75

21 0,1 120 60

22 0,5 120 60

24 0,1 120 28

23 0,5 120 28

25 | 0,06 90 44 81,7 18,3 46,16 50-200
26 | 0,54 90 44 82,7 17,3 44,41 | 200-1000
27 0,5 90 44
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PL. Hinh 3.1. Phd XRD mau M21

14000-

AXIT 8%-25g9 NaCGH

PDF 00-033-0311 Ca 5 Q4 -2 H2 Q Gypsum. syn
PDF 01-079-1910 §i O2 Quartz, syn

PDF 00-005-0586 Ga C O3 Galcite, syn

13000

12000-3
11000
10000-
9000
8000
7000~
6000
5000-3
4000
3000-

2000-

1000-
B e a—— x.MaJ

2Theta (Coupled TwoTheta/Theta) WL=1.54060



PL. Hinh 3.2. Phd XRD mau M22

PHONG HOA PHAN TICH
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AXIT 8%-509 NaOH
PDF 00-033-0311 Cz 5 Q4 -2 H2 O Gypsum. syn
FDF 01-078-1910 Si 02 Quartz, syn

PEF 00-D05-0586 Ga C O3 Calcite, syn

2Theta (Coupled TwoTheta/Theta) WL=1.54060

PL. Bang 4.1. Két qua thtr nghiém thoi gian dong két, cuong do nén mau Cla va Cl1

loc tai cong ty TCBV

SN

LA .
3 CONG | Gﬁ

g \&
cOPHAN 1%
-

DT: 0225 3262705 - Fax: 0225 3262707 - Email: thachcaodishvudijgmail.com

CONG TY CO PHAN THACH CAO DINH V{
DINH VU GYPSUM JOINT STOCK COMPANY
Dia chi: LA GI-7, Khe Kink o Dink Vi, Phudmg Dong Hal 2, Quin Hai An, Thish phd Hii Phong

KET QUA THU NGHIEM MAU XI MANG

Cip padi (%) i Thel gian doag két Cuirag 80 néa
Nuie
n ok Clisker |Thechcoo| ™ Bitddu | Kiétthée | Soghy | 7Tnghy | 28agiy i
: (i) | (ehit) | (Mpa) | (Mpa) | (Mpa)
TCIN. TL(14) 96,00 400 30.00 120 160 730 | nss | NS
M1 95.30 450 16,50 130 170 2518 1285 | 9N
g M2 9530 J 4.50 3625 130 10 24.80 N1 4539
Hibi Phdng. mpdy 17 tidng 07 nidw 2019
TP KCS NGUOT THI NGHIEM
—l
4/
7k 9
Ha Vin Ding Vo Dinh Thil

Ki hiéu gai mau M1: mau Cla
Ki hiéu gai mau M2: C1 loc
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PL.Bang 4.2. Phiéu két qua thir nghiém tinh chat hoa hoc mau sau xu 1y Cla- Vién
VLXD

80 XAY DUNG
VIEN VAT LIBU XAY DUNG F
PHONG TIHENGHIEM VILAS 003 30 C 170292009  THUNG TAM kil g wi? LV LAY DN
VIET NAM S TTTUTE FOR BN CING MATERIAL S fves
VILAS 001 LABORATORY INSPECTION CANTER FOR BURLOWNEG MATERALY
O (N A mm“mvh—o&mok—u ™"
| OMn W (o0 004 SARRII1H P 04 DUER 1112 Romah comtot ohani) Mpprmd o Sl e sl o

7

‘ VIBM

PHILU KET QUA THU NGHIEM
TEST RO

WiV TANS MLXD TTRD

1. o quan gt mibu (€T vmmmm“wwmmmmm g rg Vit Naen
2. Lol s (Kind of swgeley M thach cao s xl) i

3. 54 ptwlu ki host!y ey Nk IPIWIASKD

4. Ngiy nhan mibls (e of receivid mampde ). ZBONWE0TD

KEY QUA THU NGt o
TESY RESULY
mT Temcha thn o ) Kt qua Pl w2 phap (e
INo) (C s rorinnca ) l {1 acth  Pyoamdis ) L Yt pwriody) [
| )
- P,0, g — W ar | -
FOVN 11855 X
] ")
2 ’ F 16ng a 000
4 SO - L LA
— 3 OV 8 30
O ‘ CaS0, 2H O ] 59

Mo Nen mpay ( Daane ¢ (VRS

./
Ciim Wy plitm bich (Towiod yd Ths - Motk - T Libw ’LL —

FIN Vikas 000 Towng tam Kicm Simh A LXD
Vs 001 Inagueetion Coaser for BM

i
PHO VIEN 1TRUONG /

Can Tien Mo

[
dummn&m.*wuwn&h\tmmu. Tiw oo guam g3 Tuin. e mbe T Pty Mt g S ghOn &
Mhvich g Qi (Sommprer sare ew A luk FAAS 0L TRV Name 7 i fwnt wnd mmngels aa 1+t 'y veapaes
Ktk B w4 b ) wi v K Bocx wae it el phibe P i spid ity A g S g § g i S sk iy, W giin
NELASOOL £ st mgunt sl Ao susmpele Tt b s e | ol mr vz vl ¢ 00w i Al s b oA o 'L €5 RS
D VILAS 009 Ky b gl iy st el (). T FTLASES symmbns P A
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PL Bang 4.3. Phiéu két qua kiém nghiém vira xi mang dung mau Cla-VVLXD

%, i

000 OV AT 21 Bt Miguiyin Yin, ¥ Thant Kale Sramwy, G Thaet fus T8 w0 N
Ot Mg (Tot G080 M2 210 Fan G040 BREE 1 LI 2 Lrva commmet wbhanli Mgrnad 1 1om, State e ol o0

PHIEU KET QUA THU NGl M
| ] LARLE S
NN L VLXDTTRD

VIEN VAT LIEU XAY DUNG
PIONG Tl MGHILM VILAS 00) IMOMEC | 7025 20051 TRLING TAM €xla G SAT L 0w LAY Vs
1. Co quan g3 mbu (Cheal) Vidn MO0 hoo hop il thidn nile - Vidn Man Mo K00 hoe 00ng nghd Vil Nam
2. Lo miu (Kind of sample) Ml thach cao saw xil i

VEET WAM S TITUTE FOM BSOS DUNG MATERGAL & (vt
VILAS 003 LABORATORY  INSFECTION CENTER FON BUm Dot SAATEIALY
3. 50 phidu A8 hoach (Reg Np) 1300VILASKD
'S mmmmg!wm 220652010

KET QUA THU NOHIEM
TEST RESLLY
s Tem i thn m vy et gua Fee=g jhop thu
{Noy (Chavacterianca) Ui} (R sultn ) (T est o |
1| Mk theg baong nuos titn chisdn so v x| ming - os
ldﬁdum. : __1
2 | Ondah Roh (hin giss kot thas Somg b&t so v iy
mbag A0t ching . J . J
3 ; gl cuteg 8 xi mang A cleimg -
o sbamcrndind - + POVN 1185 007
« Noghy + ASphadt Y ' ™
- 28 eghy + &Y | L9
4 | Mo geim 40 luu Sdum cUs Vs &) midag o vl o 13
-ma-r&a ' . ?
3 NﬁMﬂMMWpuM Khong & so vl | s s wpd
(Sowmbness ) ‘ mbu O ey l ' .

M N _agev (D QM 000

Cim 1 i Vi (Tested s Lot - Tk LL-D‘Q/

TIN Viles 001 Trung tem Kiew Slah VLAD
Vil 003 Luspesion Center for BN

’ x /—
f o
mf_ V“N TRUCING /

u’}u’a'.. Vin Hougnh oo Tién Pra

G oAl v
Mo 0 ARt by gon (n phumg B¢ sghudes VIEAS 007 Ve Vit lefn iy Sumg 100 on g un mae. S i win Pty b gad S aghee do
AN Ny A Mwwm.“'uf.l FIRM Nemmne o - e amd sammypsic @+ dnew s ~ogwwnt)
A0 gt e nghed oI <O gt o v o M“mnnﬂﬁ&&pmmwh'hohnhw
nuuom 1T arvt ot cbod o rwmnly ot TR st T il e s o T e Sl - V2O s
e VILAS 300 Mbug beo plvm phwiptnd i 1%) M TTEASOO! umid s winnd w1 %) ot s




PL.Bang 4.4a. Két qua thi nghiém tai phong lab 115
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TRUOGNG DA HOC XAY DUNG
NATIONAL UNIVERSITY OF CIVIL ENGINERING
PHONG THi NGHIEM VA NGHIEN CUU VAT LIEU XAY DUNG LAS-115
LABORATORY FOR TESTING AND STUDYING OF BUILDING MATERIALS
PT: 0243 8692555

$6:19040416/KQ

KET QUA THi NGHIEM

Ngay
04-04-2019

Yéu cau thi nghi¢m:
Ngay giri mau:

Ngudi lay mau:

Co quan yéu cau TN yop CHAT THIEN NHIEN
Dia chi:
Chiing loai mau: MAU THACH CAO PHOSPHO

Kiém tra mot sd chi tiéu chit luong.
05-03-2019

KET QUA THI NGHIEM

Mau do co quan yéu cau thi nghiém 1y va mang dén

VIEN HAN LAM KHCN VIET NAM — PE TA1 TP 20-17 - VIEN HOA HQC CAC

SO 18 HOANG QUOC VIET — P. NGHIA PO - Q. CAU GIAY — TP. HA NOI

STT | Chi tiéu thir nghiém xi méing cia thach cao phospho | Pon vi Két qua Phwong phip thir
| Murc tang luong nude tiéu chuan so véi xi méng doi % 03 TCVN6017:2015
thrng
2 Chénh léch thén gian két thic dong ket S0 VOi Xi méng h 0.5 TCVN6017:2015
dm chung
3 Do 6n dmh thé mh thu thoo khuon Le Chateller S0 VOi Khéng d5i TCVN6017:2015
déi &,erng |
K Muc glam ctr(mg d(,) nén s0 véi xn mang déi chu'ng TCVN6016:2011
-3ngayi45 min % 2
-28 ngay+8h % 2
5 Muc giam do luu dong cua vira xi méng S0 voi dm % > TCVN3121-3:2003
ching
S s s kg Khong thay Phu luc B TCVN
6 Mure an mon ¢t thép so voi doi chirng - doi " 1833 "Ol“
7 Tuong thich gitra xi mang, phu gia giam nudc, so doi Phu luc (@ T(,VN
chimg Y 11833:2017
- Mirc giam dQ luu dong cua ho Xi mang sau tron % 5
- Mirc tang ton that d6 lwu dong cua hd xi mang sau 60 % 3
min 2
Ghi chu:
l},,PHONG TN&NCVL NGUOI THi NGHIEM NGUOI KIEM TRA

T

KS. Trin Vin Kién

S

ThS. Nguyén Vin Binh

1- Cac két qua ghi trong phiéu nay chi c6 gia tri déi voi mau do khach hang g.ut dén.
2. Khéng dugce trich sao mot phan két qua thi nghiém nay néu khong c6 sy dong y cua PTN.
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PL.Bang 4.4b. Két qua thi nghiém tai phong lab 115

TRUONG DAI HOC XAY DUNG

NATIONAL UNIVERSITY OF CIVIL ENGINERING
PHONG THi NGHIEM VA NGHIEN CUU VAT LIEU XAY DUNG LAS-115
LABORATORY FOR TESTING AND STUDYING OF BUILDING MATERIALS

DT: 0243 8692555

$6:19040415/KQ

KET QUA THi NGHIEM

Ngay
04-04-2019

Co quan yéu ciu TN:

Dia chi:

Chung loai mau:
Yéu cu thi nghiém:
Ngay giri mau:

Ngudi ldy mau:

VIEN HAN LAM KHCN VIET NAM - BE TAI TP 20-17 —
HOQP CHAT THIEN NHIEN

VIEN HOA HQC CAC

SO 18 HOANG QUOC VIET — P. NGHIA DO - Q. CAU GIAY — TP. HA NOI

MAU THACH CAO PHOSPHO

Kiém tra mot s6 chi tidu chat luong.

05-03-2019

Mau do co quan yéu cau thi nghiém 1dy va mang dén

KET QUA THI NGHIEM

STT Chi tiéu xét nghiém miu thach cao phospho Ponvi | Kétqua Phuong phip thir
| Ham lugng CaS0,.2H,O % 87 TCVN 9807:2013
; Phu luc A TCVN
2 | Ham luong (PyOs noa ) % 0,03 118332017
; Phu luc A TCVN
3 | Ham luong P20 % 0.3 ";1833:2017
: Phu luc A TCVN
4 | Ham luong (Fusa ian) % 0,008 118332017
S | Ham lugng fluoride tong (Fysng), khong I6n hon % 0.1 G i)
6 | DopH 6.5 TCVN 9339:2012
7 | D6 am o 8% TCVN9807:2013
8 | Chi s6 hoat do phong xa an toan (1), khong 16n hon KPH Phy luc D TCVN
11833:2017
Ghi chu:
TR.PH TN&NCVL NGUOI THI NGHIEM NGUOI KIEM TRA
TS. Vin Viét Thién An KS. Trin Vin Kién ThS. Nguyén Vin Binh

1- Céc két qua ghi trong phiéu nay chi ¢6 gi tri déi voi mau do khich hang exi dén.
2. Khong duoc trich sao mot phan két qua thi nghiém nay néu khong ¢6 sw ddng ¥ ciia PTN.
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PHU LUC ANH THI NGHIEM TAI PHONG THI NGHIEM INPC VA DAPI
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