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ABSTRACT

Zeolite 44, a white powder, was synthesized by the hydrothermal reaction
of activated kaolin (metakaolin) derived from commercial kaolin, a low
cost mineral, with sodium aluminate. The Southern Vietnam-kaolin was
used as an alternative cheap raw material to sodium tripoly phosphate for
the synthesis of zeolite 44 used in washing powder production. The
process was carried out by hydrothermal treatment of metakaolin with
aqueous solution of alkali sodium hydroxide (NaOH). In this study, the
influence of the aging time and the amount of zeolite 44 crystal on the
yield of the product was investigated. The characteristics and morphology
of zeolite 44 crystals were determined using scanning electron microscopy
(SEM) and X-ray diffraction (XRD). The particles had a cubic shape with
characteristics of standard zeolite 44

TOM TAT

Zeolite 44 la san pham bot mau trang, dwoc tong hop bang phan vmg thity
nhiét kaolin hoat héa (metakaolin), sin pham chuyén héa cia kaolin
thwong mai, mét logi khodng c6 gid ré, ¢é bé sung sodium aluminate. Viéc
sit dung kaolin mién Nam Viét Nam nhie la mot nguyén lidu gid ré dé tong
hop Zeolite 44 thay thé cho sodium tripoly phosphate trong san xudt bot
giat duoc thuc hién bﬁng cdch xur Iy thuy nhiét metakaolin voi dung dich
kiém natri hydroxide (NaOH). Trong nghién ciru ndy, danh hwong ciia thoi
gian gia héa, lwong mam zeolite 1én hinh dang va hiéu sudt san pham da
dwoc nghién curu. Hinh dang, kich thudc cua zeolite 44 duoc xdc dinh
bang danh hién vi dién tir quét (SEM). Cau triic tinh thé zeolite 44 dwge xdc
dinh bang phuong phdp nhiéu xa tia X (XRD). Két qud cho thay ching c6
hinh khoi lgp phiong véi nhitng tinh chdt déc trung ciia zeolite 4A.

1 GIOI THIEU

Zeolite dugc ung dung trong nhiéu linh vuc:

nude trong bot giat. Hiéu suit lam mém nudc cua
zeolite 4A vua phu thudc dung luong trao doi

xuc tac, chat hap phu va trao d6i ion (Gougazeh et
al., 2014). Zeolite dugc chia lam nhidu loai va
trong d6 thi zeolite A c¢6 ham luwong nhdém cao
nhit. Ngoai ra, zeolite A c6 tinh wa nudc va c6 kha
nang trao doi ion cao nhat (Tsujiguchi ez al., 2014).
Vi vay, phan 16n zeolite 4A dugc dung cho cong
nghiép bot gidt. Nhd c¢6 kha ning trao ddi cation
nén zeolite 4A dugc st dung lam chit 1am mém
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cation riéng (s6 mg CaO lién két vi 1 g zeolite) va
téc do ciia qué trinh trao dbi. Dung lugng trao ddi
cation riéng khong phu thudc vao kich thudc tinh
thé nhung tdc do trao ddi lai rat phu thudc vao kich
thude tinh thé, c6 nghia la tdc do trao ddi cation
calcium trong dung dich bang cation sodium cua
zeolite ting khi kich thudc tinh thé giam
(Chandrasekhar et al., 1999; Rios et al., 2009).
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Zeolite thuong duoc téng hop tir silica, nhom,
khoang va nudc. Gan déy, thé giéi da c6 nhiéu
cong trinh nghién ctru tong hop zeolite di tir phé
thai cong nghiép, tro bay, tro trdu, khodng sét tu
nhién, kaolin (Tsujiguchi ef al., 2014). Kaolin rat
phong phu trong ty nhién va ré tién. Ham luong
nhom silic va nhom trong kaolin bién doi theo cac
vung dia phuong va ham ty 1€ mol cuda silic va
nhém trong kaolin bing mét 14 thich hop cho viée
tong hop zeolite A (Wang et al., 2014). Téng hop
zeolite A bang phuong phap thong thuong tir
kaolin thuong st dung nhiét do tir 700 dén 900°C
(Ha Thi Lan Anh ez al., 2012; Rios et al., 2009).
Zeolite co nhleu g dung tuy nhién qu4 trinh tong
hop chung rét kho.

Nghién ciru vé& viéc san xuét zeolite 4A tir
kaolin ciing did cong bd (Alkan et al, 2005,
Chandrasekhar and Pramada, 1999; Rios et al.,
2009; San Cristobal et al., 2010). Nam 1996, S.
Chandrasekhar da khao sat anh hudng ctia nhiét do
nung kaolin 1én sy hinh thanh cua zeolite 4A tir
kaolin (Chandrasekhar, 1996). Pén nam 2005,
Covarrubias va cong sy ciing ¢6 nhimg nghién ctru
vé van dé tuong tu S. Chandrasekhar. Két qua ciia
hai nghién ciru nay cung chi ra rang: nhiét d6 nung
kaolin anh hwong rdt 1én dén hoat tinh cua
metakaolin va do sang ciia san phim zeolite tao
thanh va nhiét 6 thich hop dé hoat hoa kaolin 1a
600°C (Covarrubias et al., 2006, Chandrasekhar et
al., 1997). Nam 2006, K.S. Hui va C.Y.H. Chao da
tong hop va khao sat anh huéng cta nhiét do két
tinh 1én qua trinh tong hop zeolite 4A tir tro
bay—mot chit thai ciia cac nha may nhiét dién (Hui
et al., 2006). Két qua cho thiy mau tong hop c6 do
tinh thé dat tir 75-87% va hiéu suét tao thanh
zeolite 4A tinh khiét tir 15-18%. O Viét Nam hién
nay, c6 vai cong trinh nghién ctru tong hop zeolite
A tir kaolin nhung con rét han che va da so su dung
kaolin thuwong mai c6 nguén goc tir Trung Qudc
(Ha Thi Lan Anh and Ta Ngoc Pén, 2012, Lé
Thanh Phudc et al., 2012).

Qua cac nghién ctru trén, ching ta nhan thiy
nhi¢t d6 nung kaolin, thanh phé”m cc chat trong
hdn hop phan tng ciing nhu néng d6 kiém, nhiét
d6 va thoi gian két tinh da dugc khao sat. Tuy
nhién, thoi gian 1am gia va luong tinh thé mam bd
sung c6 anh huong nhu thé nao dén qua trinh tong
hop zeolite 4A tir kaolin thi van chua dugc co
nghién ctru ndo dé cap dén. Do d6, nghién ctru nay
tdp trung nghién ciru vao thoi gian lam gia va
lwong tinh thé mam bd sung dén qua trinh tong hop
zeolite 4A.
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2 THUC NGHIEM
2.1 Hoa chat va vit liéu

Kaolin dugc thu nhan c6 ngudn gdc tir tinh Tay
Ninh va Lam Pong (Viét Nam). Céc hoa chat khac:
NaOH, AI(OH)s, HCI, CaCl,, NH; dwoc mua tir
cong ty An Khanh, Can Tho.

2.2 Phuwong phap téng hop

2.2.1 Téng hop zeolite 44 tir kaolin

Zeolite 4A dugc téng hop theo phwong phap
thity nhiét bang cach khudy tron metakaolin trong
dung dich NaOH 4M tao hon hop gel ddng nhit va
dé gel gia hoa trong khoang thoi gian nhét dinh,
sau d6 dun cach thity c6 khuay nhe & 100°C trong 4
gio. Cac thi nghiém dugc thyc hién gdm chuyén
kaolin thanh metakaolin, tong hgp NaAlO,, tao gel,
lam gia va két tinh tao san pham zeolite.

2.2.2 Tinh toan phéi liéu tao zeolite 44

Phuong trinh lugng hoa hoc tong hop zeolite
4A duogc viet dudi dang:

4 Al(OH); + 4 ALO3.3Si0; + 12 NaOH + 15
Hzo 9N312[A102.Si02]12.27H20

Thanh phdn cuia cac chit trong hdn hop phan
mg quyét dinh loai zeolite tao thanh. Thanh phan
cac chat phan ing dwoc tinh quy ra dang oxyt cua
chung. Pdi véi zeolite 4A thi thanh phin mol cua
céc chit phan tmg trong hdn hop dugc cho nhu
Béang 1:

Bang 1: Ti s6 mol cic chit phan Gmg tao zeolite 4A

1A Khoang gia tri Gia tri
Til¢ mol bit budc dwoc chon
Si0»/Al,O3 1,6-2,2 2
Na,O/Si0, 1,8-2,8 2,5
H,O/Na,O 30-50 30

2.2.3 Khao sat anh huong cua thoi gian lam gia

Thoi gian lam gia dugc khao sat voi diéu kién
1, 2, 3 va 4 ngay. Cac thong so khac dugc cQ dinh
nhu sau: thoi gian tao gel 1a 3 gio, nhiét do ket tinh
1a 100°C, thoi gian két tinh 1a 4 gio.

2.2.4 Khdo sat anh huwong ciia heong mam
zeolite 44

Anh hudng 91’1a lwong mam zeolite 4A dugc
khao sat vai khoi Iuwong 0,1; 0,2; 0,4; 0,6 g. Thoi
gian tao gel 1a 3 gio. Thoi gian lam gia la 1 ngay.
Thoi gian ket tinh 1a 4 gio.

2.2.5 Phan tich dac tinh zeolite

Hinh dang bé mat cua zeolite 4A dugc phéan
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tich duéi kinh hién vi dién tr quét (SEM- JSM dugc lay tir kaolin Tay Ninh va mau TLP 131 — BL
5500, JEOL, Japan) sau khi phu vang vai dién thé duoc léy tir kaolin Lam Déng. Thanh phén héa hoc
gia toc 1a 5 kV. dugc phén tich boi chinh cong ty khai thac ché

Khao sat sy hinh thanh va cdu tric pha cua bién khoang san kim loai (Béng 2) va Trung tam
zeolite 4A dugc phan tich bang nhifu xa tia X dl‘fh vu phan tich thi nghi¢gm thé‘nh Ph(?’ Ho Chi
(Bruker, D8 Advanced) v6i géc quay tr 5 dén 75° Minh (Bang :5). Zeolite A 1a mot zeolite giau nhom,
v6i toe @6 quay 0,05°/phiit va sir dung tia phong xa c6 thanh phan mol S/Al ~ 1 (hodc SiO»/ALO; =
Cu-Ka. Méy nhidu xa dugc van hanh véi dién thé ~ 2)- Vi vay, viée chon nguon nguyén licu kaolin ban
gia téc 40 kV va cudng do dong dién 40 mA. déu co ty 1& mol Si/Al cang gan mét cang tot. Ket
qua phén tich thanh cua cac mau kaolin nguyén
lidu ta nhan thiy cac mau déu c6 ham luong ti sb
mol Si/Al >1, do d6 can bd sung thém Al trong qua
trinh téng hop. So sanh cac két qua phan tich, viéc

Kich thudce trung binh hat zeolite va phan ]36
kich thuéc hat dugc xac dinh bang phan mém
ImageJ phién ban 1.45.

3 KET QUA VA THAO LUAN chon mdu kaolin TLP 131 BL (Si = 29,5%,
3.1 Két qua lwa chon nguyén liéu Al=18,8%, ty 16 mol Si/Al= 1,5) lam nguyén li¢u
Cac mﬁq kaolin nguyén liéu dugc lay tir cac mo {)%nsgulllfp 12 phu hop vi gidm duoc lugng nhom can
kaolin ¢ mién Nam Viét Nam. Mau TLP 132 — BD £
Bing 2: Két qua phan tich thanh phan miu kaolin
Thanh phin SiO2 ALO3 Fe:0;3 TiO2 CaO MgO K:0 Na,O
% khdi luong <50 >33 <1 <1,6 <0,2 <0,2 <1 <0,3

Béng 3: K&t qua phan tich thanh phén phan trim silic va nhém trong miu kaolin

Thanh phin phén trim khdi lwgng (%)

Si Al Ty 1€ mol Si/Al
Mau kaolin TLP 132 — BD 32,2 12,0 2,6
Mau kaolin TLP 131 — BL 29,5 18,8 1,5
3.2 Anh huéng cia thoi gian lam gia 1én 3.3  Anh hwéng lwgng mim Ién qua trinh

qua trinh tong hgp zeolite 4A téng hop zeolite 4A

. Duya vao lugng khoi lugng s.én pham tao thémh, Bang 5 biéu thi hiéu sut phan tmg phu thudc
hiéu suat phan ng dwoc xac dinh va dugc liét ké vao luong mim thém vao. Khi ting ham lugng tir
trong Bang 4. Khi tang thoi gian lam gia tr 1 dénd (1 4én 0,6 gam thi higu sudt phan tmg tang tir 79
ngay thi hiu suat phan tng tang tr 70 dén 92%.  4én 90%. Do lugng tinh thé mam bd sung nhiu thi
Kl}l th’m glan l,am gla ngan th} rihan tmh }he t?o sd nhén tinh thé tao thanh ciing nhiéu, s tiéu phan
thanh it va ¢6 kich thuée nh6 va s6 luong ticu phan aluminosilicate tao thanh nhi€u, nén khi két tinh s&
aluminosilicate tao thanh ciing it tirc 1a lugng SiO; dt luong mam cho c4c tinh thé 16n 1én tao tinh thé
va ALOs trong dung d}Ch con du nl}léu. Vi cung kich thudc 16n hon dan dén hiéu suat tong hop cao
thoi gian ket tinh thi toc do phat trién tinh thé cua hon. Tuy nhién, hiéu suit téng hop ting cham khi
mau lam gia ngan ngay hon s€ chdm hon, hi¢u suat tang tir 0,4 dén 0,6 g mim. Vi vy, luong mim

thap hon do lugng mam khong du cho sy phat trién  them vao thich hop cho qué trinh tong hop 14 0,4 g.
cua tinh thé. Tuy nhién, hiéu suat phan ung ting

cham & tir ngay 3 dén ngay 4. Vi vay, thoi gian 1am Bing 5: Anh hwéng ciia mAm dén hi¢u suit téng hep

gia duoc chon 1a 3 ngay. Luwgng mam  Khéilwgng  Hiéu suét
Bing 4: Al,lh huéng thoi gian 1am gia 1én hi¢u thém vao (g)  san pham(g) tong hop (%)
suit qua trinh tong hgp zeolite 4A 0,1 39,57 79
Thoi gian lam Khoi luwong Hiéu suat 0.2 41,57 83
gia (ngay) san phaim (g) tdng hop (%) 0,4 43,57 87
4 46,83 92 0,6 45,81 90
3 45,81 90 3.4 Phan tich dic tinh ciia zeolite 4A tong hop
2 42,25 83 Hinh 1 biéu thi anh hién vi dién tir ctia zeolite
1 35,63 70

téng hop va zeolite cong nghé. Zeolite 4A tong hop
c6 hinh dang khoi 1ap phuong dong déu vai kich
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thudc trung binh dugc xac dinh bang phan mém vdy, hinh dang dong déu cua zeolite 4A tong
Image J cho két qua 0,8 um. Véi zeolite 4A cong hop s& rat ¢6 ¥ nghia trong viéc tmg dung lam chat
nghiép, ton tai nhidu hat nhé bam trén zeolite 4A. phu gia.

Céc hat ndy c6 thé 1a tinh thé nhom oxit du. Vi

Hinh 1: Anh SEM ciia méu: A/ zeolite 4A cong nghiép, B/ zeolite 4A tong hop

Hinh 2 biéu thi phé XRD cuia zeolite 4A. Cac nghién ctru trude day va phit hop véi phd XRD cia
mili diac trung cua zeolite 4A & cac goc 20: 7,2°% zeolite 4A (Chen ef al., 2010; Hui and Chao, 2006;
10,2°; 12,48°; 16,15° 24,05°; 27,16° ; 30° va 34° Ni et al., 2014; Ugal et al., 2010). Vi vay, zeolite
déu xuat hién. Két qua nay phu hop véi nhing 4A da duge tong hop thanh cong.
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Hinh 2: Giin d6 nhiéu xa tia X ciia miu zeolite 4A tong hop
4 KET LUAN suét tong hop da duoc khao sat. Két qua phan tich

) . dudi kinh hién vi dién tir cho thiy zeolite 4A tong

Zeolite 4A da duoc tong hop thanh céng bang  hop co dang hinh 1ap phuong tam khéi véi duong
phuong phap thuy nhiét tir kaolin Viét Nam, ¢6 bo kinh trung binh gan 1 um. Két qua phan tich XRD
sung nhom du6i dang sodium aluminate. Anh ctia zeolite 4A tong hop cho thay cac miii ddc trung
hudng cua thoi gian lam gia va lvong mam, higu ctia zeolite 4A déu hién dién. Két qua nay phu hop
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v6i cac nghién ctru true day. Zeolite 4A tong hop
tir kaolin Viét Nam s& c6 nhiéu ung dung trong
tuong lai do gia thanh nguyén liéu tong hop kaolin
1a ré tién va rat phong phu & Viét Nam.
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