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Abstract: In the recent years, nanosized materials have attracted much attention of many scientists and

producers because of tremendous potential and applications in many industries, such as. electronics,
optical, chemicals, environment and so on. Precipitated calcium carbonate nangparticles (PCC) has
been widely used as fillers for papermaking, plastics, coatings and agriculture. In this work, we
research and develop a novel method (High gravity reactive precipitation - HGRP) to prepare
nanomaterials through synthetic experiment of nano-CaCQO; with average size about 70 nm, using gas-
liguid-solid reaction system. This paper also describes principles of the method and experimental
conditions.

Tir khéa: nano-PCC, Cong nghé két tia trong truong cao, canxi cacbonat
. Téng quan

Nguyén 1y co ban ctia phuong phép két tua trong trudng cao 1a cac chat tham gia phan
g tiép xtc voi nhau trong khoang thoi gian rat ngan ¢& micro gidy nho toc d6 khudy tron Vi
m6 manh liét, phan tng két tia xay ra trong méi truong trong lyc cao. Chat 16ng khi vao bo
quay RPB dugc chia tach ra thanh cdc mang long véi d0 day c& micro mét tham chi
la nano mét trén bé mat canh ctia bo quay va phan tng xay ra tai day [6].

Mot dung dich c6 nong do qua bao hoa cao, do phan bd nong do dong déu trong thiét
bi va thoi gian phat trién tinh thé 1a nhu nhau cho toan bo cac tinh thé 1a diéu kién can thiét
cho viéc téng hop bodt nano c¢6 d§ phan bd kich thudc hat hep.

Néu ta goi t, 12 thoi gian tir luc tao duoc cac mam tinh thé dong déu dau tién cho t6i
lac téc d6 tao mam On dinh thi theo Dirksen va Ring [2] t, duoc tinh theo cong thic (1.1):

= 6d°n"/(DInS) (1.1)

Trong do: d 1a duong kinh ctia phan tt, n 1asd luong ion trong mot mam tinh thé, D
1a hé s6 khuéch tan, S 1a ti 1& gitta ndong do qua bio hoa chia cho ndong do bio hoa ciia dung
dich. Trong dung dich nudc t, c6 gia tri nhdé hon Ims.

Theo tai liéu [2, 3, 4] thi micromixing (khudy trén quy mé phan tir) va macromixing
(khudy tron toan dién, quy mo thung khuay) c6 anh hudng rat 16n dén do phan bd kich thude
hat trong phan ng giira BaCl, va Na;SO,4. Trong quy mo thung phan ung thi macromixing co
thé tao ra dugc su phan bd ndng d6 ddng déu cua cac chat phan tng con véi quy mo phan tir
thi d6 phan bb nong do dong déu trong thiét bi chi c6 thé dat dugc boi micromixing, cé
mlcromlxmg va macromixing xay ra dong thoi trong thung phan ung. Mlcromlxmg 1a nhén t6
quyét dinh mirc d6 qua bdo hoa cta chat tan va sy phan bd ndng d6 dong déu trong ving phan
{g cua thiét bi & quy mo phan tir.

Tir nhitng quan diém ctia ky thuat phan ing hoa hoc trén thi tdc dd phan tmg va toc do
tao mam cua phan Umg hoa hoc chi bi anh hudéng boi ndi dong hoc ma khong bi anh hudng
bai micromixing trong vang ty < t,. Khi ty, > t, thi tbc d6 phan tmg va tdc d6 tao mam sé& chiu
anh huong ciia micromixing. O dy ty 1a thoi gian dic trung ciia micromixing tir luc bat dau
khudy tron cho téi luc trang thai khudy tron 1a cuc dai & mic do phén tu.

Do tc d6 tao mam trong ving phan ng cia thiét bi rat khong dong déu. Vi vay,
chung ta nén tao ra duoc su khudy tron micromixing manh liét dé dat duoc ty < t,. Trong



viing ty, < t, thi tc do tao mam tai cac diém khéac nhau trong thiét bi gan nhu bang nhau va do
d6 kich thudc cta san pham dong déu hon hay d6 phan b kich thude hat 1a hep hon.

Thoi gian tm dugc tinh theo phuong trinh (1.2) [2]: tm = km(a/ B)l/2 (1.2)

Trong do: K, 1a hang s6 co gia tri 16, B 1a tbc d6 tiéu hao ning luong, o 1a 46 nhét
dong hoc, Vi du trong thiét bi phan ung thong thuong ddi vai dung dich nudc thi § = 0,1-10
w/kg, o = 10° m?.s™ trong trudng hop nay thi t, = 5-50 ms 16n hon rat nhidu lan t, = Ims didu
nay noi lén rang su phén b6 kich thude hat khé kiém soét. Micromixing it anh huong to1 toe
d6 phat trién tinh thé chi c6 macromixing c¢6 anh hudng lon toi tbc do phat trlen tinh thé vi
véy tinh thé sé dong déu néu chung ta tao dugc mot moi trudng macromixing tot trong ving
phat trién tinh thé.

Dua vao nhitng phéan tich ¢ trén dé tao ra dugc mot thiét bi téng hop bot nano c6 do
phan b6 kich thude hep va c6 thé diéu khién duoc hinh thai ctia hat cﬁn cac diéu kién co ban
sau: a) vung phan ng va vung tao mam tach biét véi ving phat trlen tinh thé; b) ving tao
mam giau macromixing; c) luu luong vao vung phan ung va tao mam 1a dong chay ca khdi
(bao gdm ca 1ong va ran), tir d6 ta thdy mot thiét bi phan tng toi wu 1a c6 dugc mot ving giau
micromixing va mot ving phat trién tinh thé giau macromixing véi dong chay ca khdi.

Trong RPB tc do chuyén khdi va téc d6 micromixing 1én hon nhiéu so vdi cac thiét
bi thong thuong do do s€ tao ra dugc mot nong d6 qua bdo hoa cao cua san pham trong phan
g két tia, bd quay RPB 1a sy két hop gitra khudy tron dong va khuay tron tinh. Gia tri tm
trong RPB khoang 10-100 ps nho hon rat nhiéu gia trj t, = 1 ms diéu nay thoa min yéu cau tp
< t, do d6 d% phan bd kich thudc hat va hinh thai hoc cta hat ¢6 thé diéu khién duoc. Theo
nhitng phan tich ¢ trén thi thiét bji phan Gng trong trudng cao la Iy tuong dé tong hop khdi
lugng 16n bt nano c6 dd phan b kich thudce hat hep.

Il. Thyc Nghi¢m

1. Héa chét: khi CO, mua tai cong ty TNHH TM khi cong nghiép, da voi sir dung lam nguyén
lidu dau 1a da voi Yén Bai va cac hoa chat phén tich khéc...
2. CAc thong s6 cuia hé thiét bj két tia trong trudng cao: ing phan tng ¢ thé tich 9600 cm?®,
viing tao mam va phat trién tinh thé c6 thé tich 20 lit, bo quay (RPB) ¢6 12 canh va 2 dia,
dién tich bé mat riéng cua bo quay 357,7 m?/m?, dong co (Nga) toc do 2850 v/p, van toc quay
cia RPB c6 thé thay doi tir 1000 - 6000 V/p, cong xuat lam viéc cia thiét bi 12 kg san
pham/h, khi quay cac canh tao ra 2 vong tron trong va ngoai c¢6 duong kinh 1an luot 1a d; = 6
cmvad, =17 cm.

Trong so do hinh 1, sita voi duoc cho
vao thung khudy (1), bom luu luong (2) bom
dung dich sira voi vao by quay RPB (6) qua
hé thdng phan bé chat long (5), khi CO, di tir
binh khi qua van (8) vao RPB qua dudng dan
khi (10), tai day phan Gng xdy ra & vung bén
ctia RPB. Dong khi va 1ong di nguoc chiéu
nhau. Chit long ra khoi RPB theo hudng
xuyén tam, dudi tac dung cua lyc ly tam, chét
long s& tao thanh nhimg mang mong trén bé
mit canh cua RPB, do d6 dién tich tiép xtic
khi-long 1a rat 16n nén phan g xay ra nhanh
Hinh 1: So d6 phan (mg diéu ché nano-CaCOs bang  hon. Sau khi chit 10ng ra khoi RPB ching tap

phuong phép ket tia trong trurong cao. trung & dau ra (7) va chdy tro lai thung khuay

1. Thing khudy, 2. Bom, 3. van, 4, Luu hrong ké (1). Qué trinh tuan hoan lién tuc cho dén khi

5. Phan b6 0532% ;;g]g Céff;gggm 8 Van, toan bd Ca(OH), chuyén thanh CaCOj thi két
thiic phan ung.




III. Két qua va thao luén
1. C4c bang, d6 thj va hinh anh

IMS x120k SE(M) 7/2/2009
Hinh 2: Anh SEM ctia CaCO;

Hinh 3: Anh SEM cua CaCO,
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Hinh 4: Anh TEM cuia CaCOj3 (L=7 I/p).

Hinh 5: Phé nhiéu xa tia X ciia CaCOs;.
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. Hinh 6: DO thi bicu dién mdi quan hé gita  Hinh 7: P thi biéu didn méi quan h¢ giita ndng d6
nong do dung dich Ca(OH), va thoi gian phan tmg. Ca(OH), va kich thudc hat canxi cachonat.
Bang 1: Cac két qua thu dugc cua Baéng 2: Kich thudc hat ctia PCC
san pham nano-CaCO; tinh theo cac phuong phap khac nhau
Kich | Nong P Dién
hat | du (% (% mat phap

(hm) | CaO) | CaO) | (m?g) Kich thudc

65,25 | 71,93 | 69,77 | 66,62

66,62 | 0,0326 | 5545 | 29,473 hat, nm
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Hinh 8: D4 thi biéu dién mdi quan hé giira

tdc d6 Iuu lugng khi CO, va thoi gian phan tng.
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Hinh 9: Db thi biéu dién mdi quan h¢ giira luu
luong khi CO, va kich thude hat canxi cacbonat
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Hinh 10: D4 thi biéu dién mdi quan h¢ giira
Iuu lugng chat long va thoi gian phan ung.
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Hinh 11: D4 thi biéu dién mdi quan hé giita toc do
lvu luong chat long va kich thude hat canxi

Hinh 12: Do thi biéu dién mdi quan h¢ giita
toc d9 quay cua rotor va thoi gian phan ung.
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Hinh 13: D6 thi biéu dién quan hé giira toc do
quay cua rotor va kich thudc hat canxi cacbonat.
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Hinh 14: D6 thi biéu dién mbi quan hé giira
nhiét d¢ phan Gng va thoi gian phéan ung.

Hinh 15: D6 thi biéu dién mbi quan hé giira
nhiét d0 phan Gng va kich thudc hat.



2. Khao séat anh hudng cia ndng 46 Ca(OH); t4i thoi gian phan tng, kich thudc hat va hinh
thai cia PCC

Db thi hinh 6 cho thdy su phu thudc cta thoi gian phan tng vao ndng d6 Ca(OH),, gia
trj thoi gian phan Gmg ting gan nhu tuyén tinh tir 3,08 phut t&i 8,10 phut khi ndng d6 Ca(OH),
tang tir 30 g/l &én 80 g/l. Tuy nhién, khi cacbonat hoa trong cac thiét bi khuay tron thong dung
(thung phan ung, suc khi CO,) thi thoi gian cia mdt mé phan tng (5 lit dung dich canxi
hydroxit ndng d6 80 g/1, tdc d6 suc khi 15 I/p) 1a 68 phit. Cac két qua trén cho thay, rd rang,
cong nghé két tia trong truong cao mang lai vu diém ndi bat trong viée rit ngan thoi gian
phan mg so voi cac cong nghé thong thuong, diéu nay s& rat c6 loi khi trién khai san xuét &
quy mo cong nghiép.

Tu d6 thi hinh 7 cho théy, hoan toan ¢ thé diéu ché duogc canxi cacbonat kich thudc
nano mét bang phuwong phap két tiia trong trudng cao, san pham thu dugc dat kich thudc nano
mét (<100 nm). Kich thudc hat ciia canxi cacbonat & nong d6 30 g/l 1a nhé nhat dat 53,79 nm.
Tai cac néng do khac nhau cia Ca(OH), (50, 60, 70 g/1) thi kich thudc trung binh cua san
pham khong thay d6i nhiéu ting tir 67,26 nm dén 74,62 nm va ting 1én 80,10 nm khi nong do
Ca(OH); tang 1én 80 g/l. Piéu nay duogc giai thich 1a khi ting ndng do ctia nguyén lidu dau,
thoi gian phan Gmg ctia mot meé tang 1én, dan dén céc tinh thé co thoi gian phat trién nhiéu hon
va tré nén 16n hon. Nhu vdy qua viéc khao sat anh hudng ctia ndong do Ca(OH), dén kich
thudc hat san phém va thoi gian phan ung, qua phan tich cac s6 liéu thue nghiém chung to6i
chon ndng do canxi hydroxit 70 g/l 1a ndng d6 tdi wu cho cac thi nghiém tiép theo.

3. Khéo sat anh hudng cta d§ luu luong khi CO, téi thoi gian phan tng, kich thudce hat va
hinh théi cia PCC

Tdc d6 luu lwgng khi CO, duoc thay doi tir 10-25 lit/phit. D6 thi hinh 8 chi ra rang,
khi luu lwong khi CO, tang tir 10 1/p dén 25 U/p thi thoi gian phan ung giam dan (gin nhu
tuyén tinh) tir 7,25 phut xudng 3,20 phit v6i ciing mot mé phan tGng 5 lit sira voi. Ly do 1a khi
tang luu luong khi thi lam ting toc d6 chuyén khéi gitra khi va 16ng trong ving phan g cua
thiét bi phan Ung trong trudng cao.

Thoi gian phan tng tai luu lugng khi CO, 20 p va 25 1/p lan luogt 1a 4,1 phut va 3,2
phut, didu nay cho thay thoi gian phan Gmg giam khong déng ké khi tang luu lwong khi tir 20-
25 lit/phut. Chinh vi vay, chiing toi chon mirc luu lwong khi 20 1/p cho cic phan tng tiép theo.
Vi néu chon murc luu lwong khi quéa cao 25 lit/phit, tuy thoi gian phan tng c6 giam doi chut
nhung do ap lyc khi manh, ludng khi s& vao viing phat trién tinh thé va mot phan phan tng
cacbonat hoa s& xay ra tai ddy. Phan ting cacbonat hoa xay ra trong ving phat trién tinh thé s&
anh huong khong tét dén sy dong déu cua tinh thé, do d6 chét lugng san pham khong duoc
nhu yéu cau dit ra. Tom lai, khi ting toc d Iuu lugng khi CO, thi thoi gian phan ing giam.

Nhin vao d6 thi hinh 9 ta thay khi luu lugng khi CO, ting tir 10 1/p dén 25 1/p thi kich
thudc hat giam tir 79,34 nm xudng 63,63 nm véi cing lwong nguyén liéu dau. Kich thudc
trung binh hat tai luu lugng khi CO, 20 1/p va 25 1/p 1an luot 13 64,95 nm va 63,63 nm, dicu
nay cho thiy gia tri kich thudc hat giam khong dang ké khi tang luu luwong khi tir 20-25
lit/phat. Tém lai, két qua cho thiy khi tang luu lwong khi thi kich thudc hat trung binh giam.
Qua Kkét qua thyc nghiém chung t6i chon tbe do luu lugng khi CO;, t6i wu 1a 20 1/p cho céc thi
nghiém tiép theo.



4. Kho s4t anh huéng cia tdc dd hru hrgng chat 16ng t6i thoi gian phan tmg, kich thudc hat
va hinh thai ctia PCC

Téc @6 luu lwong cua dung dich Ca(OH), dugc thay d6i: 3, 5, 7 va 9 lit/phut. DS thi
hinh 10 cho thay khi téc d6 luu lugng cia chat 16ng ting tir 3 Up dén 9 /p thi thoi gian phan
g giam tir 9 phit xudng 4,1. Diéu nay duoc giai thich 1a do khi téc do luu luong chét 1ong
vao ving phan tmg thap thi thoi gian tuan hoan cua canxi hydroxit ting, dung dich Ca(OH), di
vao ving phan tng cham va khong déu, dién tich bé mat tiép xuc giira chat long va khi thap,
do d6 qua trinh chuyén khéi cham va 1am ting thoi gian phan tmg. Nhin chung khi ting téc do
lru lwong cua chat 1ong thi thoi gian phan tmg giam.

Két qua ¢ d6 thi hinh 11 chi ra rang khi luu luong 1ong tang tir 3 1/p dén 9 1/p thi kich
thude hat giam dan tir 97,47 nm xubng 64,95 nm véi cung cac didu kién phan ung. Kich
thude hat trung binh ctia PCC do duoc tai cac luu lugng khi 7 1/p va 9 l/p lan luot 14 66,62 nm
va 64,95 nm. Piéu nay cho thiy gia tri kich thudc hat trung binh cta san pham giam khong
dang ké khi tang luu lugng khi tir 7 - 9 lit/phut.

Tir két qua thuc nghiém cho thiy, khi tbc do luu lwong chat long cang cao thi kich
thudc hat cang giam. Nhung tai luu luong chat 1ong 9 1/p van khong duge chon lam luu luong
1ong tdi wu cho cac khao sat tiép theo, boi vi néu mirc luu lwong chét 16ng qua ving phéan tmg
qua 16n thi tai day s& xay ra hién twong & dong chat 1ong (chat long thoat ra khoi ving phan
ung khong kip) din dén khi van hanh véi tde do cao, thiét bi phan Ung s€ bi rung manh,
khong an toan cho qua trinh lam thuc nghiém va gidm do bén thiét bi. Qua viéc phan tich cac
s6 liéu thu dugc ching toi thay rang véi gia tri toc d6 luu lugng chat 1ong chay qua RPB 13 7
I/p théa méin cac yéu cau vé chat lugng san pham, tinh an toan va do bén thiét bi. Vi vay, mirc
luu lugng chét long 7 1/p dugc lya chon 1a mirc luu lugng long tdi wu cho cac thi nghiém tiép
theo.

5. Khao sat anh huong cia mic d§ trong truong tdi thdi gian phan Gng, kich thudc hat va
hinh thai cia PCC

Viéc khdo sat anh huong cuia mirc do trong truong tdi thoi gian phan g, kich thude
hat va hinh thai PCC 1a noi dung quan trong va 13 van dé then chdt cho sy thanh cong cua
phuong phap. Murc d6 trong truong duoc tinh theo cong thirc sau [5]:

Gy = (2 7 N/60)*(di+d)/2 (3.1)

Trong d6 N 1 van téc goc cta rotor (v/p)

d;, dn 1an Iuot 13 duong kinh trong va ngoai ctia packing (khi packing quay tao ra 2
vong tron ¢6 dudng kinh trong va ngoai 1an luot 13 dy, dy)

i D(‘A),thi hinh 12 cho thiy khi ting toc d6 quay ctia rotor thi thoi gian phan tng giam. Cu
thé 1a tai toc do quay N = 1000 v/p, 2000 v/p va 3000 v/p thoi gian phdn ing giam lan luot 1a
5,08; 4,50; va 4,30 phut.

Két qua tir hinh 13 cho thay rang khi ting téc d6 quay cia rotor thi kich thudc san
pham thu duge giam. Cu thé, khi tang toc do tir 1000-3000 v/p thi kich thudc giam tir 82,78 —
66,62 nm. Piéu nay co thé duoc giai thich nhu sau: tdc d6 quay cua rotor 1000 v/p 1a di manh
dé tac dong vao chat 1ong, 1am cho chat l6ng khi chay qua packing ¢ dang mang mong, do d6
dién tich tiép xtc gitra long va khi lon. Néu tlep tuc tang toc dd quay ctia RPB 1én 2000, 3000
v/p, khi d6 dang chat long qua packing c6 thé dudi dang cac soi nho hodc cac giot long li ti,
dan t6i téc d6 chuyén khdi cao hon va kich thude hat thu duoc cung bé hon.

Nhu véy, v6i phuong phap két tia trong trudng cao, néu muon giam kich thudc hat
trung binh cua vt liéu, ta chi can tang mirc do trong luc ma khong can str dung bat ki mot
chat trc ché tinh thé nao. bay cling 1a mot trong nhimg wu diém nbi troi ciia phuong phap khi
so voi cac phuong phap téng hop canxi cacbonat truyén thong.



6. Khao sit anh hudng clia nhi¢t 9 cacbonat héa tdi thdi gian phan tng, kich thudc hat va
hinh théi cia PCC

Db thi hinh 14, 15 cho thiy rang khi tang nhi¢t do phan ng thi thoi gian phan Gng
nhanh hon va kich thudc cua san pham ciing 16n hon. Diéu nay duoc giai thich dya theo
nghién ctru cia V.M Kharin. V.M Kharin va cac dong nghiép [2] dd nghién ctru anh hudng
cua nhiét do dén dong hoc cua qua trinh két tinh va dac tinh két tinh ctia canxi cacbonat va ho
cho réng, khi tang nhiét d6 cacbonat hoa thi tdc d6 tao mam tang 1én, nhung tdc do 16n 1én
ctia tinh thé ciing ting, do d6 khi nhiét 6 phan tng cao thi kich thudc tinh thé thu dugc ciing
s& cao. Ly thuyét nay phu hop véi cac s lidu thuc nghiém da chi ra ¢ trén. Dya vao cac phan
tich s6 li¢u thuc nghiém va theo céc tai li¢u tham khao, ching toi chon diéu ki¢n nhiét do
phan tGng t6i vu trong khoang 30 - 40 °c.O khoang nhiét do nay thi muc tiéu thu nang luong
1a thap nhat cho qua trinh tong hop nano-CaCOs.

7. Dénh gi4 kich thude tinh thé canxi cacbonat bang cic phuong phap khac nhau

Viéc danh gia kich thudc cua vat liéu tong hop dugc 1a rat quan trong. Chung t6i danh
gi4 kich thudc va cdu trac cua vat liéu bang phuong phap XRD, dé khang dinh hon vé hinh
thai cua vat liu chung t61 sir dung phuong phdp kinh hién vi dién tr truyén qua TEM,
phuang phap kinh hién vi dién tir quét SEM. Kinh hién vi dién tir truyén qua TEM va kinh
hién vi dién tir quét SEM cho cac dir kién vé hinh dang, kich thudc trung binh cia vét liéu.
Phuong phéap hap phu BET cho cac dit kién vé dién tich bé mat riéng, kich thudc hat trung
binh caa vat liéu. Hinh 2, 4 1an luot 1a anh SEM va TEM ciia mau CaCOj3 duge diéu ché trong
cac diéu kién téi wu (ndng d6 dung dich Ca(OH),: 70 (o), téc d6 luu lugng khi: 20 (I/p), toc
d6 luu lugng long: 7 (I/p), nhi€t do phan tmg: 30 - 40° (C), tbe dd quay cua rotor: 3000 (VIp).

Két qua phan tich bang nhleu xa tia X (hinh 5) cho thdy, canxi cacbonat kha dong
nhat. Thanh phan chu yéu trong mau 1a tinh thé CaCOs. Ngoai ra, con c6 mot lwong nho dugc
nhén dang la grafit va canxi oxit. CAu trac tinh thé cua CaCO3 thu duge co dang hinh hdp mat
thoi (Rhombohedral).

Dé tinh kich thudc cta vat lidu theo phuong phap XRD chiing toi sir dung phwong
trinh Sherrer va thu dugc gia tri kich thudc hat trung binh cta canxi cacbonat la: d = 65,23
nm. Po hép phu BET cua mau lam & cac diéu kién ti uu cho théy, canxi cacbonat c6 dién
tich bé mat 1a 29,473 mzlg va kich thudc hat cia canxi cabonat ¢6 gia tri d = 71,93 nm.

Nhu vay kich thude hat cia canxi cacbonat tinh theo cac phuong phap khac nhau cho
két qua gan nhu nhau. Kich thude hat thay doi trong khoang tir 65,25 nm t61 71,93 nm (bang
2). Bang 1 cho céac két qua Ve kich thugc hat, ¢ kiém du, d6 sach va dién tich bé mit riéng
ctia san pham CaCO3 dugc tong hop bing cac diéu kién t6i uu vé néng do dung dich sita voi,
tde do luu luong khi, tde do luu luong long, nhiét d§ phan ung, mic dJ trong luc va st dung
RPB dic trung.

Két luan
1- bé nghién ctru thiét ké, ché tao thanh cong hé thong phan ing két tia trong trudng cao, ap
dung dé tong hop vt liéu kich thuéc nano mét thong qua viéc tong hop thir nghiém vat liéu
nano-canxi cacbonat.
2- i khao sat cac yéu to anh hudng dén kich thudce hat va vi hinh thai cta san phim canxi
cacbonat. Cac yéu t6 anh huong dugc khao sat 1a nong do sira voi, toc do luu luong khi, toc
do Iuu lugng long, nhiét d6 phan tng va mirc do trong luc Ién chét luong san pham.
3- Di dua ra cac diéu kién tdi uu cho qua trinh téng hop canxi cacbonat kich thudc nano mét
bang phuong phap Higee voi RPB dic trung.

Nong do dung dich Ca(OH),: 70 (g/l), tbc d6 luu lwong khi: 20 (I/p), téc do luu lwong
long: 7 (I/p), nhiét d6 phan tmg: 30 - 40° (©), tdc do quay cua rotor: 3000 (v/p)
4- ba chung minh rang, canxi cacbonat diéu ché duoc c6 kich thudc trong khoang 60-90 nm,
dé phan bd kich thudce hat hep va do kiém du khong dang ké, tuy thudc vao cac diéu kién



phan tmg. St dung phwong phap két tha trong truong cao dé tong hop nano-CaCOs 1a hi¢u
qué, dé tién hanh quy mé 16n va c6 thé ap dung phuong phap nay dé tong hop nhiéu vat liéu
khac co kich thuéc nano met. Dleu nay c6 nghia rang cac nghién ctu ¢ pham vi rong va
chuyén sdu vé cong nghé nay 1a rit dang dé thuc hién.
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