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Abstract

This study presented the synthesis of analcime zeolite particles and their application for peroxide bleaching of
mechanical pulp. By adding of zeolite to bleaching slurry of mechanical pulp that containing transition metals would
decrease the rate of metal catalysed decomposition of hydrogen peroxide. These zeolite particles also allowed relative
high brightness of pulp with the increase of brightness of 12 % ISO after bleaching. Furthermore, the suitable
conditions for peroxide bleaching of mechanical pulp such as hydrogen peroxide dosage, zeolite charge, temperature
and bleaching time were determined through a series of experiments. This kind of zeolite showed the a potential for
replacement of chelation agent (DTPA) and stabilizing agent (Na,SiOs) in traditional bleaching process that were

criticized from an ecological point of view.
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1. MO PAU

Trong nhiing nam gan day, anh hudng cua cac
chit hitu co chia clo tr cac nha may gidy ddi voi
moi trudng dang 1a mdi quan tam cua cac co quan
chuc nang, ciing nhu céc doanh nghiép san xuat gidy
[1, 2]. Vi vay, hién nay nguoi ta dang huong dén
nhitng h6a chat tay trang bot gidy than thién voi moi
truong nhu Oz, O,, H,0,... Trong do, H,0, dang la
hoa chat dugc tng dung nhiéu hon ca trong cac nha
may san xuat bot co hiéu suat cao. Tuy nhién, H,0,
rat d& bj phan hay boi qué trinh xdc tién cua céc ion
kim loai da héa tri nhu Mn?*, Cu®*...[2-5]. Do d,
trong hau hét cac qua trinh tay tring, nguoi ta déu
phai bd sung cac chat 6n dinh mdi trudng va céac
chat tao phirc dé han ché duoc céc tac dong cua qua
trinh phan hay H,0, xc tién boi cac ion kim loai da
hoa tri dé dat hiéu qua cao hon trong qué trinh tay
trang. Thong thuong, natri silicat (Na,;SiOs) la chat
6n dinh pH mai truong, dietylenetriamin pentaacetic
acid (DTPA) va MgSO, la chét tao phuc duoc st
dung dé han ché kha nang phan hay H,O, do ion
kim loai gay ra. Tuy nhién, cac hoa chat trén lai c6
nhitng han ché nhit dinh d6 1a: Na,SiOs la chét co
kha nang két taa ¢ nhiét 6 cao gay tic nghén duong
bng hay ling can trong cac thiét bj tay tring. DTPA
duoc biét dén 1a chat c6 kha ning gay ung thu va

can duoc kiém soat trong qua trinh thai ra moi
truong. Ngoai ra, ca ba hoa chit trén déu & dang hoa
tan trong dung dich nén sau qua trinh tay déu di theo
nuéc thai ra mdi truong, gay anh huong dén moi
truong sinh thai. Do d6 can ¢6 bién phap xir ly nudc
thai thich hop dé giam thiéu 6 nhiém. Chinh vi vay,
viéc nghién ctru va tim ra mot loai vat liéu méi vira
c6 thé 6n dinh moi truong tay, vira c6 kha nang kiém
ché hoat dong cua cac ion kim loai da hoa tri trong
dung dich tiy tring nham thay thé dng thoi hdn
hop chat 6n dinh (Na,SiOs+DTPA+MgSO,) 1a rat
can thiét.

Zeolit 12 vat liéu nhom silicat c6 cAu trac tinh thé
x6p voi kich thuéec mao quan dong déu, cé dién tich
bé mat Ion, ¢6 thé diéu chinh duoc luc axit va ndng
do tdm axit. Do d6 ching dugc tng dung rong rai
trong nhiéu linh vuc khoa hoc ciing nhu c6ng nghiép
véi vai trd chinh chét trao doi ion, chat hap phu va
phan tach, chit xdc tac cho cac phan tng téng hop
hiru co va cac ung dung khac [5-8]. Chung con dugc
st dung dé tach va lam sach khi, tach ion phéng xa
tir céc chat thai phong xa.

Chinh vi vay, zeolit analcim da duoc tong hop
va tng dung cho qua trinh tay trang bot gidy co hoc
tir than cay ngd bang hydroperoxit nham so bd danh
gid kha nang ngan chan hoat dong cua cac ion kim
loai da hda tri trong viéc phan huy peroxit trong qua
trinh tay trang. Ngoai ra hiéu qua cua viéc bd sung
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zeolit con dugc xac dinh thong qua do tréng cua bot
gidy sau tay. Muc dich cua nghién cau nay la bugc
dau nghién ctu cai thién qué trinh tay trang bang
zeolit, giam thiéu anh huong dén méi truong va han
ché viéc xu Iy nuéce thai caa qué trinh tay. Tir d6 hi
vong c6 thé mang lai hiéu qua hon vé mat kinh té
cting nhu maoi truong.

2. THUC NGHIEM
2.1. Vat liéu va héa chit

Bot gidy str dung 1a bot hiéu suat cao tir than ngd
thu duoc theo phuong phap xur Iy bang hydropeoxit
trong moi trudng axit két hop vai qua trinh nghién,
¢ do tring ban dau 1a 23,2 % 1SO.

Hoa chat dung trong thi nghiém la héa chét tinh
khiét PA va hda chat cong nghiép cia Trung Qudc:
NaOH d6 tinh khiét 98 %; H,0, nong do 30 % do
tinh khiét 98,8 % va mot sb hoéa chat phu khéc:
MgSQ,, natri silicat, EDTA ....

2.2. Téng hep zeolit analcim

Zeolit analcime duoc tong hop theo tai liéu da
dugc cong bd cia M. Kohoutkova [8]. Hoa tan
Al,(S0,)3.18H,0 vé&i mot lwong nude nhat dinh, nho
thém1-2 giot H,SO, dic va khuay bang may khuay
tr thu dwoc dung dich A. Na,Si03.9H,0 duoc bd
sung vao cbc tha hai ¢ chira lugng nuée nhét dinh,
khudy bang may khudy ti, gia nhiét dé tang kha
nang hoa tan, sau d6 bd sung NaOH, b sung etanol
(d6i v&i mau c6 chét tao cau tric, template) thu dugc
dung dich B.

Sau d6, do tir tir dung dich A vao dung dich B va
tiép tuc khudy tron & nhiét do phong khoang 24 gio.
Chuyén hdn hop vao thiét bi chiu nhiét va gia nhiét
dén 170 °C va giir trong 24 gio. San pham dugc lay
ra va ria nhiéu lan bang nuée cét. Tiép do, siy khd
& 100 °C, va nung san pham ¢ 500 °C trong 3 gio.

23. Tay ting bgt gidy co tir than ngd bing
hydroperoxit cé bo sung zeolit

Tay trang duoc tién hanh trong cac ndi phan tng
kin bang inox dung tich 300 ml, gia nhiét trong bé
6n nhiét. Mdi lan xir ly duoc tién hanh véi khoang 5
g bot khd tuyét ddi. Quy trinh dugc tién hanh nhu
sau: Can mot luong bot khé gi6 nhat dinh da biét do
kh6 cho vao nodi phan ung. Bé sung heong nudc va
lugng zeolit nhat dinh khudy nhe dé ching phan tan
déu va gir trong bé 6n nhiét & nhiét 6 can thiét
trong vong 1 gio véi muc dich 1a dé zeolit hap phu
va kiém ché su hoat dong cua cac ion kim loai. B6
sung dung dich tady (dung dich cac hoa chat gém

Phan Huy Hoang va cgng sur

NaOH va H,0,) d dun néng t6i nhiét do can thiét,
sao cho ndng do bot dat khoang 10 %. Trong qué
trinh thi nghiém, thuong xuyén khuay tron dé tang
kha nang phan ung xay ra. Sau thoi gian phan ang
nhét dinh, dung dich tiy duoc ldy ra va di phén tich
ham lugng H,0, con du. Bot dugc rira sach va xac
dinh d6 tring 1SO.

2.4. Cac phwong phap phén tich

Zeolit téng hop duoc dugc phan tich phd XRD
bang bing may MX Labo st dung hé buc xa CuK,
(40 kV, 20 mA) véi toc o quét 1,0 min™ trong goc
quét 10-70 (260).

Tinh chat quang hoc (d6 tring cua bot gidy)
duoc xac dinh theo tiéu chuan TCVN 6729:2008,
dugc do bang may Testing machines INC JY9800.

Ham Iuong H,O, con du dugc phén tich theo
phuong phap sau: cho 10 ml dung dich vao binh tam
giac 250 ml co6 chaa san 10 ml H,SO, 10 %, 1 giot
ammoni molybdat 10 %, 50 ml nuéc cat. Sau dé, bd
sung 2,0 g KI, dé cho phan ting xay ra trong 5 phut.
Dung dich sau phan tmg duoc chuan do bang dung
dich chuin Na,S,0; 0,01 M. Ham luong peroxit du
duoc tinh dya vao phwong trinh sau:

Hzog + 2H++ 2« |2+ 2H20
25,05 + 1, <> S,06” +2I°

3. KET QUA VA THAO LUAN
3.1. Nghién ciu téng hep zeolit analcim

Zeolit analcime dugc tong hop theo phuong
phap thuy nhiét [8], c6 sir dung va khodng st dung
template (etanol). Sau qua trinh tong hop, zeolit
dugc phan tich phd XRD, va duoc dua ra nhu hinh 1.

Tur két qua phd XRD cho thay, zeolit analcim d4
dugc tong hop thanh cdng bang phuong phap thiy
nhiét & nhiét do 170 °C, trong khoang thoi gian phan
ng 1a 24 gio. San pham zeolit thu dugc c6 do tinh
thé cao, kich thuéc mao quan trong khoang 1,6- 4,2
A, dién tich bé mat khoang 300-500 m?/g [8, 9]. Dya
vao kich thuéc mao quan cua zeolit cho thay, zeolit
c6 kha niang hap phu va trao ddi ion véi céc ion kim
loai da hoa tri nhu Mn%*, Cu?*, Fe?*... cd trong bot
gidy co hoc.

Bén canh d6 nhin vao phé XRD ¢ hinh 1 cho
thiy, mau zeolit analcim tong hop khong st dung
chat tao cdu tric (template) c6 do tinh thé cao hon
(c4u tric viing chac hon) so véi mau cé sir dung chét
tao cau tric (etanol). Diéu nay hoan toan phu hop
véi bao cao trong tai liéu [9], va cb thé duogc giai
thich nhu sau: d6i véi mau khdng sir dung chét tao
cau tric (template) thi cac trung tam tir dién phai
dugc hinh thanh trudc khi qué trinh tao mam phéat
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trién. B4i v6i mau str dung chét tao ciu trc (etanol),
c6 thé 1a do tinh chat hoa ly cua etanol nén khong
cung cap trung tam tir dién cho qua trinh, thé hién la
su hién dién cua phan vo dinh hinh nhiéu hon (d6
tinh thé thap hon). Hon nita, c6 thé do ty 18 Si/Al
I[am hinh dang va kich thudc cua zeolit analcime c6
str dung chét tao cau tric 16n hon so véi mau zeolit
analcime khong sir dung chat tao cau tric. Ching to,
zeolit analcime c6 sir dung chit tao cdu trdc c6 dién
tich bé mat nho hon, d6 tinh thé thap hon.

Lin (Cps)
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Hinh 1: Phé XRD cua zeolit analcime tng hop
duoc, (A) khéng sir dung template va (B) c6 sir dung
template la etanol

3.2. Nghién ciu nh hwéng cia viéc bd sung
zeolit téi sw phan hiy peroxit trong qua trinh tay
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Hinh 2: Anh huong cua mac diing zeolit
dén lugng peroxit du

Nghién citu tng dung zeolit analcime...

Tay tring bot gidy bang H,0, doi hoi phai tién
hanh trong diéu kién méi truong kiém dé ting kha
nang hoat dong cia nhdm OOH’, tang hiéu qua phan
hity cac nhém mang mau trong bot ma chu yéu 13 tur
lignin. Tuy nhién, H,O, rat dé bi phan hay boi qua
trinh xGc tién cua céac ion kim loai da héa tri nhu
Mn%, Fe**, Cu®*"... Do d¢, trong hau hét cac qua
trinh tay tring, nguoi ta déu phai b6 sung cac chat
on dinh méi trudng va cac chat tao phuc dé han ché
duoc céc tadc dong caa qué trinh phéan hay H,0, nay
nham gilp cho qua trinh tay trang dat hiéu qua cao
hon. Do dé, zeolit analcim da dwoc nghién ciu bo
sung vao hdn hop tay véi muc dich hap phu cac ion
kim loai, kim hdm hoat déng cua chlng trong viéc
phan huy peroxit. Két qua qué trinh xi 1y duoc trinh
bay trong d thi hinh 2. Tir d6 thi cho thiy, khi st
dung zeolit thi lwong H,0, con du sau phan ¢ng tay
trang gan gap doi so vai khong sir dung zeolit. Hon
nira, khi tang lugng dung zeolit thi ham luong H,O,
con du sau tay ting. Nhu vay cd thé thay, sir dung
zeolit tang hiéu qua trong viéc lam giam kha nang
phan hay cua H,O, bai cac ion kim loai da hoa tri.
Bai vi, zeolit c6 kha nang hap phu va trao ddi ion
véi cac ion kim loai da héa tri, do d6 l1am wc ché va
kim ham kha ning xdc tién phan Gng phan hay cia
H,0,. Piéu nay c6 thé duoc giai thich cu thé nhu
sau: zeolit 12 vat lidu c6 cdu tric mao quan x6p, cAu
tric khéng gian ba chiéu, dién tich bé mat 16n, nén
khi bd sung zeolit vao truéc héa chét tay, zeolit s&
hip phu cac ion kim loai da héa tri c6 trong bot co.
Do ban kinh cua ion kim loai nhé hon kich thuéc
mao quan cua vat liéu zeolit [5], nén chiing dé dang
di chuyén vao bén trong ciu tric cua zeolit va bj git
lai trong do, khong c6 kha nang gay phan tng phéan
huy HzOz.

3.3. Tay tiing bgt gidy co tir than ngd bing
hydroperoxit cé bo sung zeolit

33.1. 4nh hwong cua mic ding kiem va
hydroperoxit

Theo co ché hoa hoc cua qua trinh tiy tring
bang H,0,, trong dung dich tay c6 tac nhan tay trang
trong moi truong kiém, né tac dung véi NaOH tao
thanh anion HOO" Ia thanh phan hoat tinh bién doi
cac thanh phan mang mau trong bot gidy, chu yéu la
bién ddi lignin. Vi vay, nong d6 kiém ¢ vai tro quan
trong trong qua trinh tdy tring. Ngoai ra, su tao
thanh anion HOO™ phu thudc vao pH caa dung dich.
V6i pH < 8, sé lugng anion HOO™ tao thanh rat it
lam cho qué trinh tay trang dat hiéu qua khéng cao.
Vi vay, gia tri tong kiém (TA) c6 anh huong truc
tiép toi hiéu qua tdy tring. Nghién cau trude day [10]
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chi ra rang véi ti 16 TA/H,0,= 1 s& cho hiéu qua qua
trinh tay tring cao nhat. Do d6 ¢ nghién ciru nay, ap
dung ty 1¢ t6i wu 12 TA/H,0, = 1, tuy nhién thay doi
muc dung H,0, tir 1-3 % so véi bot khd tuyét dbi dé
nghién cau tim ra mac dung H,O, (cang chinh la
TA\) thich hop cho qué trinh tay tring sir dung zeolit.
Két qua trinh bay trén hinh 3.

Tu hinh 3 cho thdy, voi ca 3 muac ding
hydroperoxit khac nhau thi viéc sir dung zeolit cho
qua trinh tay trang cho do tring bot cao hon so Vi
qua trinh tay khdng st dung zeolit. Diéu nay duoc
giai thich 1a vi zeolit c6 kha ning hip phu cac ion
kim loai da hoa tri, kiém ché su hoat dong cua cac
ion kim loai d6 trong qua trinh phén huay H,0,[2-4].
Hon nira, khi str dung zeolit thi méi trueong phan tng
duoc on dinh [5], H,0, hau nhu khdng bi phan hay
do d6 hiéu qua tay tring cao hon so véi khong ding
zeolit. Bén canh do, khi tang muac dung hydroperoxit
thi d6 tring cua bot ciing tang Ién. Tuy nhién, khi
muc ding tang tir 1,5 % Ién 2,25 % thi do trang cia
bot ting khong dang ké, nhung khi ting tir 2,25 %
Ién 3 % thi do trang tang 1én rd rét. Hon nita, & muc
ding 3 % H,0, d6 chénh léch vé d6 tring gitta mau
c6 zeolit va khdng zeolit 1 cao nhat (~ 2 % ISO),
trong khi @6 véi mac dung 1,5 % va 2,25 % thi su
chénh léch nay khong dang ké. Vi vay, véi muc
ding 3 % H,0, & ty 18 TA/H,0, = 1 14 thich hop
nhat cho qué trinh ty tring bot co sir dung zeolit.
¢
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Hinh 3: Anh huong cua mic diing kiem va
peroxit dén luong d6 trang bot giay sau tay

3.3.2. Anh hueéng ciia mic ding zeolit

Tién hanh thi nghiém dé nghién ctu anh huéng
ciia muc dung zeolit dén hiéu qua qué trinh tay trang
tir d6 hra chon dwoc mirc ding zeolit thich hop b
sung vao qua trinh tay. Két qua duogc trinh bay ¢
hinh 4.

Nhin vao do thi hinh 4 cho thay, khi ting mirc
ding zeolit thi d6 trang cua bot ciing ting. Khi muc
dung zeolit 12 3 % (so véi luong bot khd tuyét ddi)
cho d6 tring ciia bot cao nhat, khoang hon 32 %

Phan Huy Hoang va cgng sur

ISO. Tuy nhién, khi tang muc dung zeolit 1én 4 %
thi do tring cua bot c6 xu huéng giam va giam tiép
néu ta tang mirc dung zeolit 1&n 5 %. Piéu nay c6 thé
la do khi ta tang lwong dung zeolit thi cac hat zeolit
bi két tu két dam thanh nhiing hat 16n hon, lam giam
lwong mao quan c6 kha nang hap phu va bit giir cac
ion kim loai vao bén trong cau tric [2]. Do do, cac
ion kim loai bi hip phu cha yéu Ién bé mit va bi oxi
hoa trén bé mit khi c6 mat dung dich kiém va vi thé
chiing van c6 kha nang tham gia vao qua trinh phan
huy H,O, [2]. Cho nén lam giam hiéu qua cua qua
trinh tay tring. Vi vay, ta chon véi mirc dung zeolit
thich hop cho qué trinh tay tring 12 3 % so véi bot
kho tuyét doi.
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Hinh 4: Anh huéng ctia mic ding zeolit
tGi do trang cua bot

3.3.3. Anh hueng cuia nhiét dg tdy trang

Theo ly thuyét dong hoc phan tng, téc do va
hiéu suat cua qua trinh phan (g héa hoc phu thugc
vao rat nhiéu yéu td, trong d6 nhiét d6 qua trinh 1a
mét trong nhitng yéu t6 quan trong anh huéng Ién
dén hiéu qua phan &ng. Vi thé da tién hanh ty tring
dé khao sat anh huong cua nhiét do dén hiéu qua caa
qua trinh ty tring bot gidy bang tac nhan H,0, st
dung zeolit bang cach thay d6i nhiét do trong khi ¢
dinh cac diéu kién cong nghé khac. Két qua thuc
nghiém duoc téng hop trong bang 1.

Bang 1: Anh hudng cta nhiét do dén do tring
cua bot sau tay

Nh'fé 4.\ 50 | 60 | 70 | 80 | 90
Do trang,
oieo) | 327 | 34 | 323 | 316 | 312
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Tur cac két qua thi nghiém thu duoc & bang 1
nhan thdy, nhiét 6 c6 anh huong quan trong dén
hiéu qua qué trinh tay trang. Khi nhiét d6 tay tang tir
nhiét do phong 1én dén 60 °C thi d6 tring cua bot
tang lén nghia Ia hiéu qua qua trinh tiy ting, tuy
nhién khi tang nhiét do tir 70 °C tro 18n do trang cua
bot ¢6 xu hudng giam. Va khi tdy tring & nhiét do
60 °C thu nhan dugc bot cd do trang cao nhat
khoang 34 % 1SO. Van d& nay c6 thé dugc giai thich
nhu sau, khi nhiét do tang thi téc do va hiéu suat
phan ung ting cho nén téc do, hiéu suat cia phan
g phan hay va chuyén héa cac nhom ‘mang mau
cua hydro peroxit tang Ién lam cho do trang cua bot
gidy tang. Diéu nay phi hop véi ly thuyét cua dong
hoc phan tng. Tuy nhién, khi nhiét d6 cang tang (&
nghién ctru nay thi khi tiang Ién trén 70 °C) thi ngoai
phan ung chinh 1a phan tng chuyén hda cac nhom
mang mau trong bot con xuat hién phan ang ty phan
hay cua H,0, véi téc d6 cao lam giam tac nhan phan
tng tay. Ngoai ra, khi nhiét do tang thi cac ion kim
loai c6 thé bj oxi hoa nhanh hon téc d6 di chuyén va
hip phu vao trong cau tric vat liéu zeolit [2]. Khi
cac ion kim loai d& bi oxi hoa thi kha nang tuong tac
cua zeolit d6i véi cac oxit kim loai nay khong hiéu
qua nira, vi thé ching van cé kha nang xuc tién qua
trinh phan hay H,0,. Duéi tdc dong phan hiy dong
thoi cia caa 2 yéu té 1a nhiét d6 cao va qua trinh xtc
tién cua cac kim loai da hoa tri 1am mit mat kha
nhiéu tac nhan tay, cho nén s& lam giam hiéu qua tay
trang. Vi vay, nhiét do thich hop nhét cho qua trinh
tay trang sur dung zeolit 12 60 °C.

3.3.4. Anh hueng cua thoi gian tdy trang

P4 tién hanh khao sat anh huong cua yéu t6 thoi
gian t6i qué trinh tay tring bang céach thay doi thoi
gian tdy & cac muc: 60, 90, 120, 150 phat, két qua
dugc trinh bay ¢ hinh 5.

40
35 _— :
30 >

5 25 =Z=

_,g 20

0 50 100

Théi gian (phat)

150 200

Hinh 5: Anh hudng cia thoi gian tay
dén do6 trang cua bot

Nghién citu tng dung zeolit analcime...

Dwa vao d6 thi hinh 5 cho thdy, thoi gian tay
tring cang tang thi do tring cua bot ciing dugc cai
thién. Dac biét, vai thoi gian tay khoang 90 phat cho
hiéu qua qud trinh tay tring cao nhat, bot thu nhan
dugccd do tring tét nhat, khoang 35 % 1SO. Tuy
nhién, néu kéo dai thoi gian tay lau, tir 100 dén 150
phat thi do trang cua bot bi giam di mét it. Hién
tuong nay xay ra cd thé 1a do, qué trinh tay tring
tién hanh trong méi truong kiém, va khi thoi gian
tay quéa lau bot d& bi sim mau hon do tac dung caa
kiém [1, 10], vi vay lam giam do tring cta bot sau
tay. Ngoai ra, khi thoi gian tay qua lau s& khdng hiéu
qua vé mat kinh té. Do d6, véi thoi gian tay trang
khoang 90 phdit 12 hop 1y.

V6i nhitng yéu té cong nghé thich hop da tim ra
& trén, qua trinh tay st dung zeolit cho két qua do
trang cua bot khoang 35,3 % ISO, day la do trang
tuong ty VGi qué trinh tay trang truyén thong. Cho
thay, viéc sir dung zeolit c6 hiéu qua tuong tu nhu
dingg hé hdn hop chat 6n  dinh
(Na;SiOs+DTPA+MgSO,) trong qué trinh tay tring
bot co biang tac nhan hydroperoxit trong cong
nghiép. Tuy nhién, st dung hé on dinh thong thuong
thi ca ba chit ndy déu ¢ dang hoa tan nén sau qua
trinh déu thai ra mdi truong, tén chi phi xu ly.

4. KET LUAN

1. Zeolit tong hop la analcim, c6 kha niang tng
dung cho quéa trinh tidy tring bot co bing
hydroperoxit.

2. Ché do cdng nghé ti wu cho qué trinh tay
trang bot co bang hydroperoxit c6 sir dung zeolit:

- Mtc dung kiém: TA/H,0, = 1;

- Muc dung H,0,: 3 % (so véi bot KTD);

- Muc dung zeolit: 3 % (so véi bot KTD);

- Nhiét do: 60 °C;

- Thoi gian tay: 90 phut.

3. Tay tring bot bang hydroperoxit c6 sir dung
zeolit nang cao do trang cua bot thém 12 % 1SO.

4. Hiéu qua qua trinh tay trang bot gidy co hoc
bang tac nhan hydroperoxit sir dung zeolit twong
duong nhue st dung hé 6n  dinh
(DTPA+Na,SiO3+MgSO,) theo phuong phap truyen
thong Trong khi do, str dung zeolit cho qua trinh tay
tring thi zeolit c6 thé thu hoi dé tai sir dung va hoan
toan khong thai ra moi truong.
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