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LOI MO DAU

Nudc ta véi nganh nghé truyén théng 1a chuyén canh cdy la nuéc, san luong
xuat khau gao hang nam dtng tha hai trén thé gioi. Nhu vy, hang nam lugng vo
trau tach ra tir qua trinh xay xat lda la rat Ion. Trong vé trau chira khoang 80+90%
la chat hitu co d& bay hoi s& chay trong qua trinh d6t, con lai khoang 10-+20% s&
chuyén thanh tro. Thanh phan tro trau chira 80-+-90% la SiO, vé6 dinh hinh cé hoat
tinh hoa hoc cao, day 1a thanh phan duoc wng dung nhiéu trong cac linh vuc nhu:
phu gia cho xi mang, nguyén liéu ding tong hop aerogel, zeolite...

Zeolite 1a mot khoang aluminosilicat, dugc tim thiy trong tu nhién va mot sé
duogc tong hop. Ching dugc tng dung rong rai trong nhiéu linh vic khoa hoc ciing
nhu trong cong nghiép Vvéi vai trd chinh 1a chat xdc tac, chat hip phy va trao doi
ion. Thyuc té & Viét Nam, nguon nuéc dang ngay cang 6 nhiém, cdc mach nudc
ngam ciing nhu nuéc mat déu ¢ cac kim loai va cac hop chét hitu co, cac ngudn
nudc thai tir nha may dét nhuém ludn chira mot lwong chat mau vuot qué mac cho
phép rat nhiéu l1an. Vi vay, viéc st dung zeolite 1am vat liéu hap phu dang 14 van dé
cap bach va thiét thyc.

Chinh nho nhimg dic tinh ndi tréi cia nd nhu: dién tich bé miat 16n, ¢ thé
diéu chinh duoc luc axit va ndng d6 tim axit, cau trac tinh thé xdp véi kich thude
mao quan dong déu phu hop véi nhiéu loai phan tir ¢6 kich ¢ tir 5 + 12 A va kha
nang bién tinh tot. Do d6, zeolite duogc danh gia la loai vat liéu c6 hoat tinh, kha
ning hap phu va chon loc cao, thu hut nhiéu sy quan tim nghién ctru tong hop &
Viét Nam ciing nhu trén thé gidi. Tuy nhién, nguon nguyén liéu SiO, dé tong hop
zeolite tir tro trau chua dugc sir dung rong rii & Viét Nam.

Tt nhitng nhu cau thuc té @6, ching t6i quyét dinh chon dé tai “Téng hop
zeolite NaA tir silica tro trau, nghién cieu kha ning hiap phu cia silica va
NaA”, nham tim ra diéu Kién t6i wu cho qua trinh tong hop zeolite c6 kha ning hap
phu cao, dat hiéu qua kinh té, dap tmg duoc nhu cau cac nganh cdng nghiép ciing

nhu trong doi song.
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CHUONG 1
TONG QUAN

1.1. Silica tro trau
1.1.1. Gigi thiéu silica
Silica hay silic dioxit, 1a thanh phan chinh trong vo trai dat, két hop véi cac oxit
khac nhu magie, nhom, canxi, st tao thanh khoéng silicat tron 1an trong da va dat.
Cach day hang triéu nam, silica ¢ dang thach anh da duoc tach ra tur da silicat
bang phuong phép rira véi nudc, mot sé noi trén trai dat silica ton tai ¢ dang vo dinh
hinh nhu khoang opan [11].

1.1.2. C4u truc silica

M6 hinh khéi cua cau truc silica la cau trdc tt dién SiO,4. Trong t& dién SiOy,
nguyén tir Si ndm ¢ trung tam cua tt dién lién két héa tri véi bdn nguyén ti O nam &

cac dinh cua ta dién, dugc moé phong nhu ¢ hinh 1.1.

Hinh 1.1: Cdu tric mé phéng cia tir dign SiO, [11]

lon oxi qué 16n so véi ion Si**, vi thé 4 nguyén tir oxi trong phan tir SiO, tiép
xic 13n nhau, trung tdm 12 ion silic tao thanh cu trdc t dién va do d6 cau tric bén
trong cua cac don vi tt dién SiO4 ndy c6 chira cc 15 tréng, day goi 1a cAu tric “I5 rong
ta dién”.

Silica trong tu nhién c6 thé ton tai & dang tinh thé nhu thach anh, cristobalite,

tridymite, coesite va stishovite hoac v dinh hinh nhu opan [11].
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Tinh da hinh cta silica dua trén cac lién két khac nhau cua don vi ta dién
[SiO4]*, dugc mod phong nhu Hinh 1.2.

Hinh 1.2: Cdu trac mé phéng cach thac lién két trong silica [12]
Silica céu trtic vo dinh hinh c6 hinh thuc trai véi silica tinh thé duoc xac dinh
thdng qua su sap xép ngau nhién cua cac don vi [Si04]", két qua dwoc mo phong nhu
6 Hinh 1.3.

(b)

Hinh 1.3: Cdu tric mé phéng trat tew sdp xép cdc don vi tie dign caa silica [11]

(a) Dang vo dinh hinh (b) Dang tinh thé
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1.1.3. Tinh chat silica

V6 trau c6 cau tric dang té ong, thanh phan chinh 1a silica va cac hop chat hitu
co. Khi nung trdu chay hoan toan, cac chit hiru co bay hét, tro trdu chuyén tir mau xam
sang mau tring, mau cuaa tro trau phy thuéc vao qué trinh nung, néu nung chay khong
hoan toan thi mau cua tro triu hoi xam. Dé thu duoc silica tinh khiét, nguoi ta xir ly
trau bang axit nham loai bo tap ban [17, 19, 21].

Theo dit liéu XRD (Hinh 1.4), silica tro trau s& cho pic dic trung ¢ dang pic t0
& 26 = 22° véi cudng do pic thap < 25 Cps, d6 1a dang silica vo dinh hinh [16, 17, 19,
20, 21].
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Hinh 1.4: Gidn dé XRD caa silica tro trau [20]

Anh SEM cua silica tro trau (Hinh 1.5) khong cé hinh dang ddng nhat, kich

thudc hat khac nhau, chirng to silica ¢ dang vo dinh hinh.

Hinh 1.5: Anh SEM caa silica tro trdu [21]
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Silica vo dinh hinh c6 kich thugc nho, hoat tinh cao, dién tich bé mat Ion. Vi
vay, silica vo dinh hinh c6 nhiéu ¢tng dung, nhu dung lam chét xdc tac, hap phu va

thuan loi dung 1am nguyén liéu dé tong hop zeolite [21].
1.1.4. Ung dung silica

Véi hoat tinh cao, trit lwong 160, silica tro trau duoc st dung nhiéu trong nhiéu
linh vuc:
> Dung 1am phu gia hoat tinh cho xi méng gitip cho xi ming c6 d6 6n dinh thé
tich cao, dong thoi 1am ting do bén nudce cua xi ming [3].
> Dung lam chat don trong gidy, cao su, son, thily tinh, keo déan, thudc trir sdu va
phan bén. Khi thém silica vao thi cc tinh chat caa vat liéu déu duoc cai thién.
[19].
> Dung lam chat xdc tac cho céc qua trinh oxi héa hop chat hitu co nhim lam
tang téc d6 phan tng, dong thoi lam tang hiéu suat phan ang [13, 15].
> Dung lam nguyén liéu tong hop nhitng vat liéu vu viét, dat tién, nhiéu tinh ning
hon nhu:
e Tong hop aerogel — mot vat lidu nhe, cach dién tét, co do x6p va dién
tich bé mat 16n, tng dung trong nhiéu linh vuc nhu: vat liéu cach dién,
cach nhiét, hang khong vii tru, kinh chéng dan, detector... [22, 23]
° Téng hop zeolite — mot vat liéu co nhiéu ung dung véi nhiting tinh nang
vuot troi [24, 25] (chi tiét trong phan 1.2).

1.1.5. Piéu ché silica tir vé trau

Silica tro trau duoc diéu ché bai hai quy trinh sau:
» Quytrinh1 [16, 17, 18]

Trau rira sach, siy kho, sau d6 duoc xt ly bang cach dun hoi lvu véi dung dich
axit nhu HCL, HNOs, H,SO, & nhiét ¢ 373K trong thoi gian ngan, sau do loc lay
trau, sdy rdi xur ly nhiét bang cach nung ¢ nhiét do cao.

> Quytrinh 2 [5, 13, 14, 15]
Trau rira sach, sy kho, sau d6 duoc xtr ly bang cach ngam trau voi dung dich axit
nhue HCI, HNO3, H,S0, trong 24 gid nham loai bo tap chat, sau d6 loc, siy roi xir ly

nhiét bang cach nung & nhiét do cao.
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Trong khoa luan nay, chung toi diéu ché silica tro trau thuc hién theo quy trinh
2, vi diéu kién nay it tén kém ning luong, c6 thé diéu ché lugng tro nhiéu, ap dung

duoc voi quy mo 16n, nham giam gia thanh san pham.
1.1.6. Thanh phan silica trong tro trau

Nhu di néi ¢ trén, ciu tric cua vo trau gdom maot 16p mang polymer — silica. Cac
hop chat hitu co nay duogc loai bo bang cach nung ¢ nhiét d6 cao, trung binh s& thu
dugc khoang 20% tro. Tro trau c6 chta khoang 87+97% silica v6 dinh hinh dang
ngam nudc nhu bot silica gel [21].

Phan tich thanh phan céc nguyén tb trong vo trau va thanh phan céc oxit trong tro

trau thé hién trong Bang 1.1 va 1.2.

Bdng 1.1: Thanh phdn cac nguyén té trong vé trdu [34]

Nguyén t6 % khéi lwong
Carbon 41,44
Hidro 4,94
Oxi 37,32
Nito 0,57
Silic 14,66
Kali 0,59
Natri 0,035
Luu huynh 0,3
Phopho 0,07
Canxi 0,06
Sat 0,006
Magie 0,003

Két qua Bang 1.1 cho thy thanh phan chu yéu trong vo trau gdm 3 nguyén tb
cau thanh hop chat hiru co 1a carbon, oxi, hidro va 1 nguyén té cau thanh chat vo co la

silic. Két qua nay phu hop véi nhitng nhan dinh trén.
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Bdng 1.2: Thanh phan cac oxit trong tro trdu [34]

Hop chat % khéi lwong
Silica (SiO,) 80+90
Nhom oxit 1+2,5
Sat oxit 0,5
Titan oxit Khong tim thay
Canxi oxit 1+2
Magie oxit 0,5+2
Natri oxit 0,2+0,5
Kali cachonat 0,2
Mat khi nung 10+20

Két qua Bang 2.2 cho thay thanh phan silica trong tro trau kha In, chiém téi
80--90%. Vi vay, str dung trau la ngudn nguyén lidu diéu ché silica da va dang duoc

rat nhiéu sy quan tdm nghién ctu.
1.2. Zeolite
1.2.1. Giéi thiéu zeolite

Vit lidu zeolite dugc kham pha dau tién bai nha khoang hoc Thuy Pién, Axel
Fredrik Cronstedt vao nim 1756. Do bi méat nuéc khi nung nén né cé tén 1a “zeolite”.
Cronstedt nhan thay khi nung néng né véi dén xi, nd kéu rit va sai bot nhu dang soi
nén dit tén no 1a zeolite, bai tiéng Hy Lap “zeo” nghia 1a soi, “lithos” 1a da.

Zeolite duoc khdm phé tir rat 1au, tuy nhién, dén nhitng nim 60 cua thé ki truéc,
zeolite méi duoc nghién ciru sau sac va kham pha nhiéu tng dung hiru ich da dang [1].

Trong ty nhién c6 nhiéu mé zeolite 16n, véi khoang 56 loai. Cac zeolite tu nhién
chu yéu duoc ding lam vat liéu xay dung khéi luong nhe, 1am chat hap phu xir 1y nuéc
thai.

Véi nhitng tinh ning vuot troi, zeolite da thu hat sy tap trung nghién ciru. B3 co rat
nhiéu cong trinh di cong bd va cac phat minh sang kién vé tong hop zeolite. Hién nay

¢6 hon 150 loai zeolite tong hop [4].
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Trong tat ca cac zeolite hién co, nguoi ta da biét rd thanh phan, tinh chat, ¢ng
dung, cau trdc tinh thé caa nhiéu loai zeolite ty nhién va tong hop nhu: zeolite A,
zeolite X, zeolite Y, zeolite ZSM-5...

1.2.2. Khai niém zeolite

Zeolite 13 tén chung dé chi mét ho vat lidu khoang vo co c6 cung thanh phan la
aluminosilicate [1]. N6 ¢6 ciu trdc mang ludi anion cang chac véi cac 16 x6p va cac
kénh/mao quan chay khip mang luéi, giao nhau & cac khoang tréng. Cac khoang tréng
chtra cac ion kim loai c6 thé trao d6i duoc (Na*, K*...) va c6 thé git, trao ddi thuan
nghich véi cac phan tir bén ngoai xam nhap vao. Cac khoang trong nay co kich thuéc
khoang 0,2+2 nm nén zeolite dugc xép vao loai vat liéu vi mao quan [4].

Zeolite c6 cdng thuc chung la:

Myin[(AlO;)4(Si03)y].zH,0
Hay:
M, 0.Al,03.xSi0,.yH,0
Véi M 1a cation hoa tri n dung dé trung hoa dién tich &m cua mang ludi

aluminosilicate [4, 27].
1.2.3. CAu truc zeolite

Pon vi cau trdc cia zeolite 12 cac tir dién silica [SiO,]* va ta dién alumina [AIO, >

lién két voi nhau qua céc dinh oxi chung.

Hinh 1.6: Cdu trac mé phéng lién két cia 2 tir dién [4]

Khi tat ca cac oxi trong tir dién silica di dung chung thi ttr dién silica s& trung hoa

dién. Su thay thé Si(IV) bang Al(I11) 1am xuat hién trong cau tric zeolite mot dién tich
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am. Dé trung hoa dién tich am d6, trong zeolite co cac cation duong bu trir dién tich
am, thuong 1a ion Na*, K*, Ca?*, Mg ...Va ciing chinh nhd sy c6 mit cua cac cation
ndy ma zeolite cd tinh chit trao dbi ion.

Cac ttr dién co thé dung chung sé oxi khac nhau tao nén cac don vi cau tric tha cap
(secondary building unit, goi tit 1a SBU) khac nhau. Diéu d6 lam cho zeolite tré' nén
da dang. Bang cach mé hinh hoa, biéu dién nguyén tir trung tam caa céc ta dién bang

cac nit mang nim & dinh, cac dudng ndi 1a céc cau ndi oxi, cac don vi thir cip duoc

mo ta trong Hinh 1.7 [1, 4, 27].
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Hinh 1.7: So' d6 cdc don vi cdu tric ther cdp SBU khac nhau trong zeolite [4, 35]
Cac don vi cau trdc thir cip vong 4 va vong 6 lai lién két voi nhau tao thanh don vi
sodalite (con goi la B-cage) c6 dang hinh bat dién cut. M&i don vi sodalite gom 24 tir

dién silica va alumina lién két véi nhau.
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Hinh 1.8: Céu tritc don vi sodalite (#-cage) [4]

Cac don vi sodalite nay lai két ndi vai nhau theo cac cach khac nhau tao thanh céc
loai zeolite khac nhau. D& minh hoa, trén Hinh 1.9 néu mét sé cach két ndi tir don vi

c4u tric so cap di dén cau trdc mot sé loai zeolite khac nhau.

sodalite
or fi-cage

Hinh 1.9: M6 ta viéc hinh thanh mgt sé zeolite tir don vi cdu triic so cdp [1]
1.2.3. Phan loai zeolite

C6 nhiéu cach phan loai zeolite nhung ngudi ta thuong phan loai theo ngudn géc,

kich thudc 16 x6p va theo khung cau tric hinh hoc.
1.2.3.1.  Phan loai theo nguén géc

Phan loai theo ngudn gdc ta cd hai loai: zeolite ty nhién va zeolite tong hop.
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» Zeolite tw nhién
Zeolite tu nhién dwgc hinh thanh tir quéa trinh bién ddi thuy nhiét cua cac
khoéng trong ndi lra. Chaing cé thanh phan hoa hoc bién d6i, chi thich hop cho céc
tng dung khong doi hoi do tinh khiét cao [36]. Mot sé tén cua zeolite tu nhién 1a
Clinoptilolite, Heulandite, Chabazite, Dachiardite...[37]
> Zeolite tong hep
Zeolite téng hop dugc san xuat trong cac qua trinh doi hoi niang luong cao, Vi
vay né dat tién hon zeolite tu nhién. Tuy nhién, n6 cé thanh phan hoa hoc dong nhat va
tinh khiét hon. Vi vay, hién nay, zeolite tong hop duoc sir dung rong réi trong mot s6

ung dung nganh thuong mai va cong nghiép hon zeolite ty nhién [36].
1.2.3.2.  Phan loai theo kich thwéc 16 xop [4]

> Zeolite ¢6 16 xép nhé
Pai dién dic trung cho nhom nay 1a sodalite va zeolite A. Sodalite co ctra SO
vong 4 duong kinh 260 pm. Zeolite A ¢6 cira s6 vong 8 dudng kinh 410 pm.
Céac 156 x6p nho ¢ thé chira duwoc cac phan tir mach thang nhu hidrocacbon
mach thang, ruou, amin bac nhat. Vi vay, ching c6 thé duoc dung dé tach cac hop chat

hitu co mach thang va mach nhéanh.
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Hinh 1.10: Md hinh minh hea hé théng mao qudn trong zeolite A

> Zeolite ¢6 16 xép trung binh
Dai dién dac trung cho nhém nay 1a zeolite ZSM-5, ZSM-11 (MEL), silicalite
(MFTI). Chiing duoc tong hop tir nam 1970 bai ¢éng ty dau mé Mobil.
ZSM-5 va ZSM-11 c6 cira s6 mao quan 1a vong 10 véi duong kinh khoang 550

pm. ZSM-5 dugc (ng dung 1am x(c tac st dung rong rai trong cdng nghiép thé gidi.
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Hinh 1.11: M& hinh minh hga hé théng mao qudn trong zeolite ZSM-5

> Zeolite cd 16 xop lén
Pai dién dic trung cho nhom nay la faujasite véi cac cira s6 vong 12 duong
kinh 740 pm. Faujasite duoc ciu tao dua trén co so 4 1ong sodalite ndi véi nhau qua

cac cau ndi oxi cia vong 6.

Hinh 1.12: M6 hinh minh hga cac mao qudn trong zeolite faujasite
1.2.3.3.  Phan loai theo khung céau trdc hinh hoc [1]

Dua trén co s¢ hinh hoc cia khung cau trac zeolite, zeolite dugc chia lam 7 nhém

g véi don vi cau tric thir cap SBU dic trung duoc trinh bay trong Bang 1.3.

Bdng 1.3: Pon vi cdu tric thiz cdp SBU #ng véi 7 nhom [1]

N

=
O\

m SBU
Vong 4 don (S4R)
Vong 6 don (S6R)
Vong 4 kép (D4R)
Vong 6 kép (D6R)
Phtrc hop 4-1, don vi TgOyg
Phtc hop 5-1, don vi TgO4
Phtic hop 4-4-1, don vi T1002
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1.2.4. Tinh chat zeolite

Trong khoa luan nay, ching tdi chi néu bdn tinh chat co ban dép tng duoc nhitng

yéu cau thyc té cua zeolite.
1.2.4.1. Tinh chét trao déi ion caa zeolite [1]

Nhu da noéi ¢ trén, trong mang ludi zeolite cO cac cation bu trir dién tich. Cac
cation nay rat linh hoat, ching c6 thé dé dang trao doi véi cac cation khac.

Trong zeolite ban dau thuong co cation bu 12 Na*, khi cho zeolite vao dung dich
chat dién ly chira cation M™ thi phuong trinh phan tng trao doi ion c6 thé duogc biéu
dién nhu sau:

nNa“zeol™ + M™ — M"™(zeol”), + nNa’

Trong d6, M™Ia cation kim loai héa tri n, zeol 1a mot diém mang dién tich am
trén khung zeolite.

Hau hét cac ion phd bién nhat déu c6 thé trao ddi bang zeolite. Tuy nhién, sy trao
d6i ion cua zeolite cd tinh chon loc cao, do cau tric zeolite 1a mot mang ludi cac hdc
tréng lién két véi nhau tao thanh cac kénh/mao quan c6 kich thuée dong déu. Hién
tugng trao do6i ion s& khdng xay ra khi cation co kich thudc 16n hon kich thudc mao
quan.

Dung luong trao doi ion cua zeolite phy thudc vao hai yéu té:

- Thanh phan zeolite (ti 18 SiO,/Al,053).

- Dang cation trao ddi.

Do lva chon va tai trong trao doi ion trén zeolite phu thudc vao pH moi truong,
nhiét d6 va do hoat héa cua nuéc.

Chat luong tach cac ion trong dung dich chiu anh huéng béi nhiéu yéu té nhu:
nong d6 dung dich, sy canh tranh cua nhiéu cation, dung méi, su ton tai cua cac tac
nhan tao phtec...

Tuy nhién, nho sy tao phirc ma ta c6 thé tai sinh zeolite bang cach cho zeolite v
dung dich c6 tac nhan tao phic véi cation trao ddi. Py ciing 1a mot bién phap hitu

hiéu ap dung dé tach chat khi c6 tac nhan tao phic bang zeolite.
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1.2.4.2. Tinh chat hap phu cia zeolite [1]

T nhitng hinh anh vé cau tric cua cac zeolite, ta ¢ thé thay rang cau trdc zeolite
la mot mang luGi cac hdc trong lién két véi nhau thanh cac kénh/mao quan c6 kich
thude déng déu khap cau tric. Vi thé, zeolite 1a vat liéu xop va c6 kha nang hap phu
chon loc cao.

Zeolite c6 bé mit trong phét trién hon bé mat ngoai, vi thé, su hap phu chu yéu xay
ra trén bé mat trong, tic 1a cac phan tir chat bi hap phu phai c6 kich thudc nho hon
hoac bang kich thugc mao quan dé cé thé di vao bé mit trong zeolite. D6 1a tinh chat
hap phu chon loc cua zeolite ray phan tir. Hap phu chon loc 1a mét tinh chat dic thd va
c6 nhiéu tng dung cua zeolite.

Hap phu trén zeolite 1a qua trinh tuong tac giita phan ti chat bi hap phu véi bé mat
trong cua zeolite. Do zeolite c6 kha ning hap phu manh, nén thong thuong trén bé mit
zeolite da hap phu day céc phan tar nude. Vi vay, trude khi sir dung zeolite dé hap phu
cac phan tur khéc, phai thuc hién dehydrat héa bang cach nang nhiét do va két hop xir
ly chan khéng.

Dung lugng hap phu cua zeolite phu thudc vao nhiét do, &p suat, ban chat cua chat
bi hap phu va ban chit cua zeolite. Qua trinh hap phu trén zeolite 12 mot qué trinh
thuan nghich. Nhitng phan tir chat bi hap phu trén bé mit zeolite c6 thé duoc giai
phéng hoan toan ra khoi zeolite ma khdng hé bi bién dang, goi 1a sy giai hap phu. Nho
tinh chat hip phu chon loc va thuan nghich ndy ma zeolite c6 thé dwoc sir dung dé
phan tach cac hon hop khi hoic long.

1.2.4.3. Tinh axit caa zeolite [1]

Tinh axit cua zeolite c6 y nghia quan trong trong cdng nghé ché tao xuc tac,
nho tinh axit nay ma zeolite c6 thé 1am x(c tac cho nhiéu qué trinh phan tng héa hoc,
nhat I trong hda dau.

Tinh axit caa zeolite c6 duoc ciing xuét phat tir kha niang trao doi ion. Ban dau,
cac cation bu trong zeolite 1a Na®, khi Na* trao d6i vai H* thi zeolite tré thanh dang
H"zeol nén zeolite co tinh axit.

Na‘zeol + H™ — H"zeol + Na*
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Ciing c6 thé thu duoc dang axit khi trao ddi voi cation da hoa tri, vi du Mg?*. Vi
Mg?* trong dung dich thudng tdn tai dudi dang hydrat héa Mg(H,0)**, nén khi trao
dbi ion trong mai truong nude, ion magie vao zeolite ciing dudi dang hydrat héa:

2Na*zeol™ + Mg(H,0)** — Mg(H,0)*"(zeol "), + 2Na*

Khi xtr ly nhiét thi ph&n to nudéc phéan ly, tao ra mot proton, tuc la zeolite co

dang axit:
Mg(H,0)* (zeol™), — Mg(OH)" zeol™ + H *zeol"
Do axit cua zeolite phu thudc vao ti sé Si/Al trong zeolite. Ti sé ndy cang cao

thi zeolite c6 tdm axit cang manh, tic la tinh axit cang manh.
1.2.4.4. Tinh bén caa zeolite [1]

Khong gidng nhu nhitng vat liéu nhua trao doi ion khéc, do dugc cau tao bai
mét b khung mang ciing chic va bén viing, nén zeolite c6 tinh bén nhiét, bén vai tac
dung oxy hda khir, v&i btc xa ion hda va khé bi mai mon vat ly boi cac tac dung tham
thau. Vi vay, tinh chit trao doi ion cua zeolite 6n dinh hon va d& du doan hon trong
nhitng khoang nhiét @ va luc ion rong hon so vai nhiing vat liéu trao ddi ion khéc.

Ngoai ra, dic tinh wu viét cua zeolite 12 bén ¢ moi truong pH cao, khi ma & do,
cac vat liéu trao doi ion v6 co c6 khuynh huéng mat cac nhom chirc do bi thiy phan
cham. Nhiing zeolite duoc tong hop ¢ diéu kién pH cao (pH = 12+13), nhiét do cao (T
~ 100+300°C) thi s& bén & diéu kién do.

Nhuoc diém cua viéc sir dung zeolite 1a tinh kém bén cia nd trong moi truong
c6 pH thap, do c6 sy trao d6i proton H* va su thay phan nhém trong cau tric 1am cho
dung luong trao doi ion giam. Zeolite thuong duoc sir dung ¢ pH > 6. Tuy nhién, mot

s6 zeolite van bén va duoc st dung ¢ pH khé thap (pH = 2).
1.2.5. Ung dung zeolite [1]

Kha ning ¢ng dung cua zeolite rat da dang va phong phu, dugc sir dung rong rai

trong nhiéu linh vyc khac nhau nhu céng nghiép, néng nghiép, madi truong va y dugc.
1.2.5.1. Ung dung trong céng nghiép

> Ung dung zeolite |am chat tay rira
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Do ¢6 kha ning trao ddi ion nén chu yéu zeolite dugc sir dung lam chat tay rua.
T ndm 1940, nguoi ta s dung chat tay rira 12 natri polyphotphat NasP;04o dé lam
mém nudc cing. Tuy nhién, viéc lam dung chat ndy 1am 6 nhiém méi truong. Mat
khac, st dung nhiéu photpho vao chat tay rira s& tiéu ton mot luong 16n ngudn chat
dinh dudng can thiét cho cay trong.

Zeolite 12 mot vat liéu c6 kha ning thay thé cho NasP304o. Zeolite ¢6 thé loai
bo cac cation trong nudc cang (Ca® va Mg?*) ra khoi dung dich va thay thé ching
bang ion mém Na*. Mat khac, zeolite lai khdng 1a ngudn dinh dudng va né than thién
véi moi treong. Zeolite dai dién cho (ng dung nay la zeolite A.

> Ung dung zeolite 1am chadt xuc tac

Do c6 dién tich bé mat 16n, d6 hap phu cao, tinh chat hip phu c6 thé thay doi
tly méi trudng, kich thugéc mao quan da dang va c6 d6 chon loc cao, dong thoi chiu
duoc cac diéu kién cdng nghiép khic nghiét, khong doc, dé tai sinh, khdng bi mai mon
va khdng 1am mon thiét bi phan (ng nén zeolite dugc coi 1a mot vat liéu xuc tac toi wu
sir dung rong réi trong cong nghiép, dac biét 1a cong nghiép hoa dau.

Cho dén nay, hau nhu toan bo luong xing duwoc san xuat tir diu mo déu phai st
dung xUc tac zeolite qua qua trinh cracking dau mo. Zeolite dai dién cho ung dung nay
la zeolite Y va ZSM-5.

> Ung dung zeolite 1am kho cac chat

Do c6 kha ning hap phu nudc rat cao va hip phu chon loc nén zeolite duoc sir
dung hiéu qua cho qué trinh 1am khd etanol. Etanol c6 néng do cao trén 99,5% duoc
sur dung lam nhién liéu sinh hoc cho cac dong co.

Ngoai ra, zeolite con duogc sir dung dé sdy kho cac khi trong céng nghiép va
chat hat am trong bao quan nhu bao quan phim anh, tu lidu trong thu vién, bao quan
lwong thyc... Zeolite A va X dugc sir dung phd bién cho tng dung nay.

> Ung dung zeolite dé phan tach hén hep va tinh ché

Do cac zeolite c6 tinh chét ray phan tir va c6 thé dugc bién tinh thanh céc dang
cation khac nhau, nén d6i véi cac phan tir c6 kich thudc va tinh chat dién tir khac nhau,
zeolite s& c6 &i luc khac nhau, vi vay, c6 thé dung zeolite dé tach va tinh ché cac hdn
hop va cac hop chat mot cach thuan tién. Zeolite sir dung cho wng dung nay la zeolite
A, zeolite X va Y.
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1.2.5.2. Ung dung trong xir ly & nhi&ém mai trueong

> Ung dung zeolite dé khir cac chdt phong xa
Do c6 kha ning trao ddi ion nén zeolite con duoc tng dung trong viéc tach cac
chat phong xa Cs va Sr cd thoi gian séng dai. Sau khi céc chat phong xa bi giir trén
zeolite, zeolite dugc siy khd va han kin trong thing chira.
> Ung dung zeolite dé thu héi, logi bé kim loai va xi ly cac chét hitu co
trong nwoc
Do c6 tinh chit trao d6i ion véi d6 chon loc cao d6i véi nhiéu kim loai nén
zeolite duoc st dung dé thu hdi cac kim loai quy nhu bac, loai bé cac chat hitu co va
cac kim loai nang trong nudc thai nhu chi, thay ngéan, crom, niken...
> Ung dung zeolite dé khir mui
Do c6 kha nang hap phu tét cac khi nhu CO, CO,, SO,, H,S, NH3;, HCHO,
CH3O0H...; trong d6 c6 cac khi gay mui kho chiu nhu H,S va NH3 nén zeolite dugc st

dung dé khir mui hiéu qua dem lai khong khi trong lanh.
1.2.5.3. Ung dung trong néng nghiép

> Ung dung zeolite lam ting hiéu qud phan bon va lam tei xép dat canh
tac
Do ¢c6 kha ning trao d6i ion, zeolite dugc thém vao phan bon co tac dung giir
lai nito dudi dang NH,*, giit lai cac cation Kali, canxi, magie va cac nguyén té vi
lwong. Nho thé ma giam kha ning bi rira troi, mat mat chat dinh dudng, ting kha ning
sir dung phan bon cho cay trong. Zeolite dugc st dung pho bién 1a zeolite clinptilolit.
> Ung dung zeolite trong chin nuéi gia siic
Do ¢c6 kha ning hap phu va trao d6i ion, zeolite dugc sir dung trong chin nudi,
dé 1am giam luong doc chat amoniac, hap phu va giir cac vi khuan, nam bénh...; gidp
cho gia stic ting can nhanh, giam ti I¢ 6m va chét cua gia stic va giam nhu cau st dung

chat khang sinh cho gia suc.
1.2.5.4. Ung dung trong y dwoc

> Ung dung zeolite dé san xudt khi oxi tir khdng khi cho bénh vign
Do ¢6 kha nang hip phu chon loc, khi cho dong khong khi di qua 16p zeolite

dang Li*, thi nito, argon, CO, va hoi nuéc s& bi giir lai, con oxi di qua 16p chit hap
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phu. Ngudn khi giau oxi nay duoc sir dung trong cac bénh vién cho bénh nhan. Zeolite
duoc sir dung phd bién 1a zeolite X va clinptilolit dang Li*.
> Ung dung zeolite 1am chat khang khudn
Zeolite c6 kha ning khéng ché kha tét cac vi khuan duong niéu nhu vi khuén
Pseudomonas aeruginosa, Staphylococcus aureus va E.Coli. Dac biét, zeolite chaa
Cu® c6 tac dung khang khuan tét d6i vai vi khuan Gram dwong va Gram am. Zeolite
chtra Ag* c6 tac dung khang nim tét.
> Ung dung zeolite dé kich thich si hinh thanh xwong
Zeolite A c6 tac dung kich thich sy hinh thanh xwong, vi thé dugc dung dé tri
bénh loang xuwong.
> Ung dung zeolite 1am chat diéu tri bénh tiéu dwong
Tir nam 1997, trong thanh phan thudc tri tiéu duong c6 chira zeolite clinptilolit.
Zeolite nay c6 tac dung ngan ngira va giam cac rdi loan tiéu duong hiéu qua.
> Ung dung zeolite 1am chat 1am gidm axit trong hé tiéu hoa
Zeolite clinptilolit kha bén trong méi trudng axit, vi thé, sir dung zeolite
clinptilolit két hop véi Na,CO; c6 tac dung chéng tang axit trong da day tot.
> Ung dung zeolite 1am chdt diéu tri ung thuw
Zeolite clinptilolit nghién min 1a chat phu tro trong diéu tri ung thu, dap
clinptilolit 1&én da c6 thé 1am giam khéi u, kim him ting khdi u.
> Ung dung zeolite 1am chdt mang trong dwoc pham
Zeolite con duoc sir dung 1am chat mang thuéc, giai phong thudc cham, mang
lai hiéu qua cua thudc. Vi du nhu dung lam chit mang trong thudc chéng giun sén,
mang pyrantel, fenbendasole hay dichlorovos hap phu 1én zeolite thi s& c6 tac dung

diét giun san tét hon so véi khi chi ding riéng thude do.
1.2.6. Tong hep zeolite [1]

V& nguyén tic, cac zeolite déu duoc tong hop bang thuy nhiét. Phuwong phap tong
hop thiy nhiét bao gdm nhimg giai doan chinh nhu chuan bi hydrogel aluminosilicat,
gia hda, két tinh, loc rira va say kho.

Nguyén liéu dé tong hop zeolite 12 ngudén nhom nhu nhém hydroxit, nhom sunfat;

nguon silic nhu thay tinh léng hay silicagel; NaOH va nuéc. Cac ngudén nhdm va silic
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cling c6 thé di tir cao lanh ty nhién. Ngudn silic con c6 thé di tir tro triu hoic tro bay
cua nha may nhiét dién.

Qua trinh chuan bi gel va két tinh zeolite c6 thé hinh dung qua so d6 sau:

NaOH 5q) + NaAI(OH)4pq) + NazSiOgag)
l T, ~25°C
[Na,(AlO;),(Si0,)..NaOH.H,0] gel
! T, = 252200°C
[Nay(AlO,)4(Si0;),].mH,0 + dung dich
(tinh thé zeolite)
(ag: dung dich nudéc)

Qua trinh tong hop zeolite chiu anh huéng bai cac yéu té sau: thanh phan céc dung
dich nguy@n liéu, diéu kién tao thanh hydrogel, thanh phan hydrogel, diéu kién gia hoa
va diéu kién két tinh (nhiét do, thoi gian, ap suat, do kiém méi trudng...).

Trong khoa luan nay, ching toi khao sat cac yéu té anh huong la thanh phan céc

dung dich nguyén liu, thoi gian gia hoa va diéu kién két tinh (thoi gian va nhiét do).
1.2.7. Giéi thigu vé zeolite NaA

Zeolite NaA con c6 tén 1a Linde A, 1a mot zeolite tong hop. Trong zeolite A, céc
B —cage dugc ndi véi nhau bang cac cau ndi oxi giira cac vong 4, cac khoang trong
ndi v6i nhau tao cac mao quan song song véi ca 3 truc, 16i vao 1a cac cta s6 vong 8
[4].

Zeolite NaA c6 dang tinh thé 1ap phuong, don vi cau trdc thir cip SBU la D4R, ¢6
kich thudc 16 tréng khoang 4 A [1].

Hinh 1.13: Anh mé phéng cdu tric cia zeolite NaA
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Zeolite NaA c0 cong thire nhu sau [24, 25, 26]:
XNa,O :ySiO, : ALLO, : zH,0O
Trong d6: Ty Ié Na,O/ALO,=x =0+ 10
Ty le Si0,/Al,0,=y =05+ 25
Ty lé H,0/ALO,=z = 63 + 1000
Vé s6 lugng, zeolite NaA duoc sir dung nhiéu nhat, chu yéu I trong san xuat bot
giat, 1am khé, nudi trong thay san va xir ly 6 nhidm méi truong. Nudce ta hién nay mdi
nam phai nhap khoang 40000 tan zeolite NaA véi gia 6 USD/kg [1].
Zeolite NaA duoc tong hop tur silica tro triu bang phuwong phap thay nhiét duoc

trinh bay & phan thuc nghiém.
1.3. Co sé ly thuyét hap phu
1.3.1. Hién tweng hap phu

HAp phu 1 su tich liy chét trén bé mat phan cach cac pha (long — ran, khi — ran,
khi — long). Chat ma trén bé mat cua n6 su hap phu xay ra goi la chat hap phy, chat
dugc tich liy trén bé mat goi 1a chét bi hap phu.

Nguoc Véi sy hap phu, qua trinh di ra caa chat bi hap phu ra khoi bé mit duoc goi
la su giai hap.

Tuy theo ban chit cua luc twong tac gitra chat hap phu va chat bi hip phu, nguoi ta
phan biét hap phu vat Iy va hap phu héa hoc [8, 9].

> Hadp phu vat ly
Trong hap phu vat ly, cac phan ti bi hap phu lién két véi céc tiéu phan (nguyén
tir, phan tir, ion) & bé mat chat hap phu boi luc lién két Van der Waals yéu. Lyc d6 bao
gom cac luc hat nhu lyc tinh dién, tan xa, cam wng va luc dinh huéng.
Hap phu vat 1y thuong cé sy hinh thanh lién két hidro giira phan tir bi hap phu
va nhitng ion hay nhém thich hop (nhw OH) trén bé mat chat hap phu.
Sy hap phu vat ly ludn 1a mét qua trinh thuan nghich, nhiét hap phu thap vao
khoang 2-+6 kcal/mol [8, 9, 10].
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> Hadp phu hoa hec
Khac véi hap phu vat Iy gay ra boi luc Van der Waals, su hap phu héa hoc gay ra
boi luc lién két hoa hoc (lién két ion, lién két cong hoa tri, lién két phéi tri). Nhiét hap
phu cta qua trinh thuong cao hon 22 kcal/mol.
Trong thuc té, sy hap phu vat Iy va héa hoc chi mang tinh chét twong ddi, vi ranh
gidi giita ching that khong rd rét. Trong mot s6 qua trinh xay ra dong thoi ca hai qua
trinh hap phuy, cac chat bi hip phu trén bé mat do céac lrc vat 1y va sau d6 lién két véi

chat hap phu bai cac luc hoa hoc [8, 9, 10].
1.3.2. Hap phu trong méi trudng nuwéc

Trong méi trudng nudc, qué trinh hip phu s& c6 su canh tranh cua chat bi hip phu
va dung mdi trén bé mat chat hap phu.

Ngoai ra, su hap phu trong méi trudng nudc con chiu anh huong nhiéu béi pH mai
truong. Su thay doi pH c6 thé 1am thay d6i ban chat cia chat bi hap phu, dong thoi 1am

anh hudng dén cac nhém chirc trén bé mat chat hap phu [7, 8, 9, 10].
1.3.3. Can bang hap phu - Cac phwong trinh diang nhiét hap phu

Quaé trinh hap phu 1a mot qua trinh thuan nghich. Khi hé hap phu dat dén trang théi
can bang, lwong chat hip phu 1a mot ham cua nhiét do, ap suat hodc nong do caa chat
bi hap phu:

q="1 (T, Phoiac C)
O diéu kién nhiét d6 khong doi, trong hé hap phu ran-long, duong biéu dién su
phu thudc cta dung luong g va ndng d6 C duoc goi 1a duong dang nhiét hip phu.
q="1(C)
Néu goi C, 12 ndng do ban dau va C, 1a ndng d6 ¢ trang thai can bang, V 1a thé
tich dung dich va m 1a khéi lwong chat hap phu, ta cd thé xac dinh dung lugng hap phu
qua cong thtrc sau [28, 29, 30, 32] :

C -C)V
g, = (C,-C.)
m
Don vi caa g 1a mg/g (mg chit bi hap phu / g chat hap phu)
Ta c6 thé tinh hiéu suat cua qué trinh hap phu bang céng thirc [30] :

C,-C

H (%) = e 100

o]
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> Puwong dang nhigt Langmuir

Nam 1915, Langmuir dua ra thuyét hdp phu don phan tir xuat phat tir cac gia
thuyét [8, 9, 10] :

+ Tiéu phan bi hap phu lién két voi bé mat tai nhitng trung tim xac dinh.

+ MAi trung tam chi hap phu maot tiéu phan.

+ Bé mat chat hap phu 1a dong nhat, nghia 13 nang lwong hap phu trén cac trung
tam 13 nhu nhau va khong phu thudc vao sy c6 mit cua céc tiéu phan hap phu trén cac
trung tdm bén canh.

Phuong trinh Langmuir xay dung cho hé hap phu ran- léng nhu sau [28, 29, 30,
31,32]:

k .C.

J. = qmax'm

1)
Trong d6: (e : dung luong hap phu tai thoi diém can bang

Omax - dung lugng hap phu cuc dai

C. : ndng d6 chat bi hip phu Iic can bang

k.: hang s6 dic trung tuong tic ctia chat hap phu va chat bi hap phu.

Dé xac dinh céc hang s trong phuong trinh dang nhiét hap phu Langmuir, ta
chuyén phuong trinh (1) thanh phuong trinh dudng thang cé dang:
C_1 C, + L
Ky Olmax

G Oax
Dung phuong trinh duong thang biéu thi sy phu thuéc C./q. vao C. Vi truc x
la Ce vatrucy la Ce/qe.

1 a
Tu phuong trinh y=ax+b , ta xac dinh duoc q,,, = 3 va k. = b

> Pwong dang nhigt Freundlich
Khi quan sat méi twong quan giira g va C tir thyc nghiém, Freundlich di dua ra
phuong trinh kinh nghiém nhu sau [28, 29, 30, 31, 32] :

_ 1/n
qe _ kF 'Ce )
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Trong d6: (e : dung luong hap phu tai thoi diém can bang
C. : ndng d6 chat bi hap phu Ilc can bang
ke van: hang sé dic trung cho qué trinh hap phu
Dé xac dinh céc hang sé ke va n, liy logarit phwong trinh (2), thi né trg thanh

phuong trinh duong thang :

nge=%lgce+lgkp

Dung phuong trinh dwdng thang biéu thi sy phu thudc ge vao C. Véi truc x 1a
IgC. va truc y la lgqe.
Tir phuong trinh y=ax+b , ta xac dinh duoc hang s6 n Y ke = e’
a

Tuy la mét phuong trinh theo kinh nghiém nhung phuong trinh Freundlich

duoc sir dung hiéu qua dé md ta cac sb liéu can bang hap phu trong méi truong nuéc.
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CHUONG 2

NOI DUNG VA PHUONG PHAP NGHIEN CUU

2.1. Noi dung nghién ciru
2.1.1. Khao sat c4c yéu té6 anh hwéng dén qua trinh diéu ché silica tro trau

Chung t6i tién hanh ngam trau trong dung dich axit c6 nong d6 C, (M) va lugng
thé tich V (ml) trong thoi gian t (gio), sau d6 loc lay trau, rira sach, siy khd rdi nung &
nhiét @6 T, (°C) trong thoi gian t; (gio) va T, (°C) trong t, (gid). Dé rut ra duoc céc
diéu kién t6i wu nham thu dugc san pham silica tro trau dat chat lugng tét nhat, ching
t6i tién hanh khao st cac yéu té sau:

> Khao sat anh huong cua dung dich axit ngam trau

> Khao sat anh huéng cua thé tich dung dich axit ngam trau
> Khao sat anh huong cua thoi gian ngam trau

> Khao sat anh huang cua thoi gian va nhiét ¢ nung trau

San pham silica tro trau diéu ché & cac diéu kién tdi uu dugc phan tich cau tric
bang phuong phap XRF, XRD va SEM.

2.1.2. Khio sat cac yéu té anh hwémg dén kha niing hap phu mau metylen

xanh caa silica tro triu

Nghién ctru kha niang hip phu cua silica tro trau, ching toi tién hanh cho mot
lugng tro trau m (g) vao 50 ml dung dich metylen xanh néng do 50 mg/l, diéu chinh
pH, va lc trong thoi gian t (phuat). Bé dat duoc hiéu suat xu ly cao nhat, ching toi tién
hanh khao sét cac yéu td sau:

> Khao sat anh huong cua thoi gian dén kha nang hap phu
> Khao sat anh huong cua pH dén kha nang hap phu
> Khao sat anh huong cua luong tro dén kha niang hap phu
Dénh gia kha ning hip phu dya vao ndéng do con lai cua dung dich sau khi hap

phu xac dinh bang phuong phap trac quang UV — VIS.
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2.1.3. Khao sat c4c yéu té6 anh hwéng dén qua trinh tong hep zeolite NaA

Zeolite NaA dugc tong hop bang phuong phap thay nhiét hdn hop phéi lieu gom
dung dich Na,SiO3, NaAlO,, NaOH va nudc cét véi ty 1é thich hop trong ché do thay
nhiét va thoi gian gia hoa téi vu. Pé dat duge nhu vy, ching t6i tién hanh khao sat
c4c yéu t6 sau:

» Khao sat anh huong cua ti 1€ SiO,/Al,04
» Khao sat anh huong cua ti 1€ Na,O/SiO,
> Khao sat anh huang caa ché @6 thay nhiét va thoi gian gia hoa

San pham zeolite NaA tong hop & cac diéu kién t6i wu duoc phan tich cau tric

bang phuong phap XRD, SEM va BET.

2.1.4. Khao sat cac yéu té6 anh hwong dén kha ning hap phu mau metylen

xanh cua zeolite NaA

Nghién ctiru kha ning hap phu cua zeolite NaA, chiing t6i tién hanh cho mét lwong
zeolite m (g) vao 50 ml dung dich metylen xanh néng do 50 mg/l, diéu chinh pH, va
lic trong thoi gian t (phat). Pé dat dugc hiéu suat xir Iy cao nhat, chdng t6i tién hanh
khao sat cac yéu to sau:

> Khao sat anh hudng cua thoi gian dén kha ning hap phu
> Khao sat anh huong cia pH dén kha nang hap phu
> Khao sat anh hudng cua luong zeolite dén kha niang hap phu

Panh gia kha ning hap phu dya vao nong do con lai cua dung dich sau khi hap

phu xé4c dinh bing phuong phap tric quang UV — VIS,
2.2. Phwong phap nghién ciru

2.2.1. Phwong phap nhiéu xa tia X (XRD: X-ray Diffraction) [2]

Hién tuong nhiéu xa Ia su giao thoa cua cic song gay nén bai mot vat dat trén
duong di cia chiing. Anh thu dugc gom nhitng vét sang trén nén téi dugc goi la gian
dd nhiéu xa.

Sy nhiu xa xay ra khi kich thudc cua vat gay nhidu xa xap xi véi budc song cua

burc xa.
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Khi chiéu chum tia X dén tinh thé thi s& gay
phan xa trén cac mat mang, mat mang nao co
gia tri d thoa phuong trinh Bragg sé cho anh
nhiéu xa.

2d.sin@ =nA
Dya vao phuong trinh Bragg, khi biét gia

tri budc song Acua tia X va goc toi 6, ta c6 thé xac dinh duoc gia tri khoang cach
mang d. Khi c6 gia tri d, so sanh vai ngan hang pic chuan, ta c6 thé xac dinh duogc tén
chat, ciu trac pha tinh thé caa chat.

Ngoai ra, dwa vao thong tin do ban rong cua pic trén gian do XRD, ta c6 thé xéac
dinh duogc kich thudc hat theo dinh luat Debye — Scherrer [33]:

0,94
f.cosé

Trong d6: D: kich thudc hat (nm)

A budc song anh sang
A d6 rong béan phé (rad)

6 goc nhiéu xa (rad)

2.2.2. Phwong phap kinh hién vi di¢n tir quét (SEM: Scanning Electron
Microscope) [2]

Kinh hién vi dién tir quét 1a mét trong nhirng phuong phap phan tich phd bién dé
xé4c dinh dac tinh caa vat liéu, cau tric vi tinh thé va sy phan bé kich thuéc.

Nguyén ly hoat dong caa kinh hién vi dién tir quét 1a tao mot chim dién ter di qua
cac thiu kinh dién ter dé hoi tu thanh mot diém rat nho chiéu 1én bé mat cia mau
nghién ciu. Nhiéu hiéu ang xay ra khi cac hat dién tir cua cham tia va cham véi bé
mat cua vat ran. Tu diém chum tia va cham véi bé mat caa mau c6 nhiéu loai hat,
nhiéu loai tia phat ra (tin hiéu). Mdi loai tin hiéu phan anh mét dic diém cua mau tai
diém duoc dién tr chiéu vao. TUy theo cau trdc cau mdi chat khac nhau s& cho nhiing
tin hiéu khac nhau, tir ¢6 cho nhitng hinh anh bé mat vat chat khac nhau.

Kinh hién vi dién tir cho anh bé mat véi d6 phong dai cao, d6 sau 16n, dua trén
nhitng hinh anh thu duoc c6 thé xac dinh dugc hinh dang cua hat, do dong déu cua hat,

thong qua thang do chuan trén anh cd thé xac dinh tuong di kich thuéc hat.
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2.2.3. Phuwong phap xac dinh di¢n tich bé mit riéeng (BET: Brunauer —
Emmett - Teller) [8, 9]

Phuong phap BET 1a phuong phap do dién tich bé mat phé bién, phuong phap nay
dugc ung dung theo nguyén ly st dung qué trinh hap phu - giai hap phu vat 1y khi nito
O nhiét do nito long 77K.

Phuong trinh BET tong quat:

P 1 +c—1 P
V(R-P) V.C V_ -C P

Trong d6: P, : &p suét hoi bdo hoa
V: thé tich khi hap phu & &p suit P
V,, : thé tich khi bi hap phu & 16p thir nhat
C: hang s6 BET

Dién tich bé mit riéng cua mau dugc tinh theo cong thic sau:

S,V
S, =—2"(cm*/
W ¢ 9)

S

Trong d6: S, : dién tich bé mat riéng caa mau (cm?/g)
Vi : thé tich khi dé hinh thanh don 16p khi hdp phu (cm®)
S, : dién tich bé mat cua 1 cm® khi N, can dé hinh thanh don 16p.

W : khéi lwong mau

2.2.4. Phwong phap xiac dinh thanh phan nguyén té6 (XRF: X-ray

Fluorescence) [38]

Khéo sat phd huynh quang tia X (XRF) 1a ki thuat phan tich duoc st dung rong réi
nhét hién nay dé xac dinh c4c nguyén tb chinh va nguyén té vét caa cac mau da. N6 co
thé phan tich dén 80 nguyén té véi do nhay, ndng d6 phat hién dén vai ppm. N6 1a
phuong phap nhanh va cé thé phan tich sb luong Ion, cac phan tich chinh xéac trong
khoang thoi gian twong d6i ngan. Nhuge diém cha yéu la cac nguyén té nhe hon Na
(s6 nguyén tir = 11) khong thé phan tich bang phuong phap XRF.

Nguyén ly ctia phuong phap XRF 1a mét trong nhitng phuong phap nhan dién vat
licu PMI (Positive Material ldentification). Thiét bi sir dung cac nguon phong xa thap
(d6ng vi) hay cac dau chiéu tia X. Vat liéu can chiéu chup cho biét phéng xa va niang

lwgng phét ra. Vi mdi nguyén té déu c6 cau tric nguyén ta riéng caa nd, nén su phan
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Xa nay S& tao ra mirc ning luong riéng biét cho mdi nguyén té khac nhau. Nguoi ta do

ludong va do tim nang luong nay dé xac dinh thanh phan cac nguyén té c6 trong mau.
2.2.5. Phwong phap tric quang xac dinh nong do (UV — VIS) [6]

Phé UV-VIS la phé electron, tng voi mdi electron chuyén mic ning luong thu
duoc van phd. Phuong phép tric quang, do UV-VIS 1a mét phuong phéap dinh luong
xéac dinh ndng do cua cac chat thong qua d6 hap thu anh séang cua dung dich.

Sy hip thy anh sang tudn theo dinh luat Bouguer — Lambert — Beer:
| =1,10°°

Trong d6:  I: cudng do dong sang sau khi chiéu qua dung dich
l, : cuong do dong sang ban dau
e : hé s6 hip thy phan tir gam
| : chiéu dai I6p dung dich (chiéu dai cuvet)
C : ndng d6 dung dich

Khi do UV-VIS, ta thu duoc gia tri mat do quang D

D:Igll—°:5|C

Véi chiéu dai cuvet 1 da biét, mdi chat s& c6 gia tri € riéng, dya vao mat o6 quang, ta

cd thé tinh duoc ndng d6 cua dung dich nghién ctu.

2.3. Dung cu, hda chat va thiét bj

Dung cu Héa chat Thiét bi
- Cbc thuy tinh, diia thuy | - Axit sunfuric dic. - Lo nung Wisetherm.
tinh. - Axit clohidric dic. - T siy Wiseven.
- Binh dinh muc. - Axit nitric dac. - May pH-meter.
- Ong dong, buret, pipet. | - Natri hidroxit. - May UV-VIS.
- Khay sy, chén nung. - Bot nhom. - May khuay tu.
- Metylen xanh. - May diéu nhiét,
- Nudc cét, gidy loc. - May loc hit chan khong.
- May lic.
- Cén phan tich.
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CHUONG 3

KET QUA VA THAO LUAN

3.1. Piéu ché silica tro trau
3.1.1. Cac yéu t6 anh hwéng dén qua trinh didu ché silica tro trau
3.1.1.1. Quy trinh diéu ché silica tro triu

Quy trinh diéu ché silica tro trau duoc thé hién téng quét trong Hinh 3.1.

Can 15g trau di rira sach bang nuéc va say khd ¢ 100°C trong 4h

Ngam trong V(ml) dung dich axit HX nong d6
Cyx(M) trong thoi gian t (gio)

A 4

Loc lay trau va rira nhiéu lan véi nude dén khi dung dich rira trung hoa

A 4

Say kho trau ¢ 90°C trong 4h

Nung trau & T; (°C) trong t; (gio)
va T, (°C) trong t;, (gio)

A 4

San pham silica tro trau

Hinh 3.1. So' d6 tong qudt diéu ché silica tro trdu
Trong d0, cac diéu kién vé loai axit HX ngam trau, nong do axit C, (M), thé
tich axit V (ml), thoi gian ngam trau t (gio), nhiét 6 nung trau T, , T, (°C) va thoi

gian nung trau ty, t, (gid) sé duoc khao sat dé tim ra diéu kién téi wu.
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3.1.1.2. Anh hwéng cia dung dich axit ngam trau

Tién hanh theo quy trinh ¢ Hinh 3.1, trong thi nghiém nay, ching tdi tién hanh
ngam trau trong 400 ml dung dich axit H,SO,, HCI va HNO; ndng d6 1 M, 2 M, 3 M
trong thoi gian t = 24 gio. Véi ché do nung trau T, = 200 °C/t; = 0,5 gio, T, =
800°C/t, = 3 gio.

Sau khi thyc hién theo quy trinh da néu, chung t6i thu duoc két qua nhu sau:

Bdang 3.1: Két qud khdo sat dnh hwéng ciia dung dich axit ngam trau

STT Krin%ifu Dur;(;:]( i?jch Krl(?(i) 1(1;(,)yng Mau sic Hié(g/0 s)uét
1 RHA _ 1,9984 Xam 13,32
2 RHA N1 | HNO; 1 M 1,7405 Triang xam lan vang 11,60
3 RHA _C1 HCI 1 M 1,7407 Tréng hoi vang 11,60
4 RHA_S1 |H,SO4, 1M 1,7822 Tréng hoi vang 11,88
5 RHA N2 | HNO3; 2 M 1,6796 Tring xam 13n vang 11,20
6 | RHA C2 | HCI2M | 1,7386 Tring hoi vang 11,59
7 | RHA_S2 |H,S0,2M | 17727 Tréng hoi vang 11,82
8 RHA_N3 | HNO3; 3 M 1,7309 Tring xam 13n vang 11,54
9 RHA _C3 HCI3 M 1,7521 Tréng hoi vang 11,68
10 | RHA_S3 |H,SO,3M 1,8098 Tréng hoi vang 12,07

Mau sic tro s& thé hién mac do tinh khiét cua SiO,, mau tro c6 mau sic cang

trang thi lwong tap chit trong tro cang it va SiO, cang tinh khiét.
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Hinh 3.2: Cac mdu tro thu dwoc khi khdo séat dnh hwéng cia dung dich axit
= Két qua Bang 3.1 cho thay:
Mau RHA (miu khong ngam axit) dat hiéu suat cao nhat, tuy nhién, mau sic tro
khdng tring thé hién luong tap chat trong tro khé I6n, SiO, khong tinh khiét.
Cac mau ngam véi axit cho hiéu suit chénh léch khdng nhiéu nhung mau sic
san pham cua mau ngam vai axit HNO3 cho mau hoi xam so véi axit H,SO,4 va HCI.

Vi vay, dung axit HNO4 dé ngam trau khéng phu hop.
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Trong 6 mau xi ly voi axit H,SO, va HCI 1 M, 2 M, 3 M cho mau sic tro gan
gidng nhau. Ching t6i thdy rang mau ngam voéi axit c6 néng d6 3 M (RHA_C3 va
RHA_S3) cho hiéu suit cao hon khong dang ké so vai cac mau con lai, tuy nhién mau
sac san pham gan nhu nhau. Vi vy, dé hiéu qua kinh té cao, ching tdi chon axit
H,SO, va HCIl 1 M 14 axit toi wu dé khao sét tiép anh huéng cua thoi gian va nhiét do

nung trau.
3.1.1.3. Anh hwéng cia thei gian va nhiét dé nung trau
3.1.1.3.1. Khao sat voi H,SO, 1 M

Tién hanh theo quy trinh & Hinh 3.1, trong thi nghiém nay, ching tdi ngam trau
trong 400 ml dung dich axit H,SO, 1 M trong thoi gian t = 24 gio. Véi ché d6 nung
trau T,(°C)/ t; (gid) rdi T, (°C)/t, (gid). Két qua thu duoc nhu sau:

Bdng 3.2: Két qud khdo sat anh hweéng cia thei gian va nhigr dé nung sau khi

ngam trdu véi H,S0, 1 M

) Nhi¢t | Thoi | Nhigt | Thoi Khoi , Higu
Mau d6T, |giant; | d6 T, |gianty | lugngtro Mau sac suat
(°C) | (giv) | (°C) | (giv) (9 (%)

RHAS_1 | 200 0,5 800 3 1,7822 Trang hoi xam | 11,88

RHAS_2 | 200 2 800 3 1,7433 Trang hoi xam | 11,62

RHAS_3 | 200 800 1 1,7832 | Trénghoixam | 11,89

3
RHAS_4 | 600 1 800 0,5 1,9588 Trang bong 13,06
2

RHAS_5 | 600 800 0,5 1,8498 Trang bong 12,33

RHAS 6 | 600 1 800 1 1,9217 Tring bong 12,81

RHAS_7 | 600 1 850 0,5 1,7848 Trang bong 11,90

RHAS_8 | 600 1 850 1 1,9379 Trang bong 12,92

© oo ~ [op} ol B w N | 44w

RHAS 9 | 600 4 1,9528 | Trang hoi vang | 13,02

= Két qua Bang 3.2 cho thay:
Véi cing 1 loai axit ngam trau, thoi gian va nhiét do nung khac nhau sé cho san

pham tro c6 mau sic khac nhau va hiéu suat khac nhau.
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Cac mau RHAS_1, RHAS_2, RHAS_3 cho san pham tro c6 mau hoi xam, hiéu
suat thap, vi vay, nhiét d6 nung so bd T, = 200°C la khdng phi hop.

Cac mau nung so bd & nhiét dd T, = 600°C cho san pham tro c6 mau trang hon
dang ké so véi miu nung so b & T, = 200°C. Nhiét d6 nung cudi duoc khao sat ¢ T,
= 800°C va 850°C, luu trong thoi gian t, = 0,5 va 1 gio. So sanh hiéu qua kinh té va

hiéu suat dat dugc, ching toi thady mau RHAS 4 cho lwong tro nhiéu va chat luong tro

tét, tro c6 mau tring bong chang té SiO, tinh khiét. Vi vay, ching tdi cé dinh ché do
nung 1a T, = 600°C/ t; = 1 gid va T, = 800°C/ t, = 0,5 gid dé khao sat tiép anh huong
cua thé tich dung dich ngam trau.

Hinh 3.3: Mgt sé mdu tro thu dwec khi khdo séat dnh hwéng cia thei gian va nhiét

dé nung trdu sau khi ngdm dung dich H,SO, 1 M
3.1.1.3.2. Khao sat véi dung dich HCI 1 M
Tién hanh twong tu nhu véi dung dich H,SO, 1 M, chung t6i thu dugc két qua
nhu sau:
Bdng 3.3: Két qud khdo sat anh huéng cia thoi gian va nhiér dé nung sau khi

ngam tréu véi HCI 1 M

S Nhigt | Thoi | Nhiét | Thoi Khéi Hiéu
T Mau d6T, |gianty | d6 T, |giant, | luwongtro Mau sic suat
T (°C) | (gio) | (°C) | (giv) (9) (%)
1|RHAC 1| 200 | 05 | 800 | 3 | 1,7407 | Tringhoixam | 11,60
2 | RHAC 2 200 2 800 3 1,7328 Tl’éng hoi xam | 11,56
3 | RHAC 3 200 3 800 1 1,7730 Tl’éng hoi xam | 11,82
4| RHAC 4| 600 | 1 | 80 | 05 | 19215 | Trangbong | 12,81
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RHAC 5 | 600 2 800 0,5 1,8145 Trang béng | 12,10

RHAC_6 | 600 1 800 1 1,9065 Trang bong 12,71

RHAC_7 | 600 1 850 0,5 1,8085 Trang bong 12,06

RHAC 8 | 600 1 850 1 1,8526 Tring bong | 12,35

©O©| O N O] o

RHAC_9 | 600 4 1,9485 | Tréng hoi vang | 12,99

= Dya vao Bang 3.3, chung t6i cling nhan thay nhiét do nung so bo T, = 200°C la
khoéng phu hop vi cho san pham tro hiéu suit thap va mau sic tro khong duogc tring,
chtra tap chat nhiéu.

Cac mau c6 T, = 600°C cho mau tro tring, do tinh khiét kh4 cao. Trong do,
chdng t6i nhan thdy 2 mau RHAC_4 va RHAC_9 cho hiéu suit cao hon cac mau con
lai.

So sanh mau sic tro va hiéu qua kinh té, ching tdi nhan thy: hiéu suat mau
RHAC_4 thap hon (khong dang ké), tuy nhién, mau tro caa mau RHAC 4 trang hon
mau RHAC_9. Mat khéc, tong thoi gian luu nhiét mau RHAC_4 14 1,5 gio, trong khi
thoi gian luu nhiét mau RHAC_9 1én dén 4 gio. Tong hop céac yéu td trén, ching toi

chon ché d6 thuy nhiét nhu mau RHAC_4 dé tao san pham chat luong tot hon, lai tiét

kiém duoc nang lwong nham giam gia thanh san pham.

Hinh 3.4: Mgt sé mdu tro thu dwec khi khdo séat dnh hwéng cia theéi gian va nhiét

d¢ nung trau sau khi ngadm dung dich HCI 1 M

So sanh mau sic va hiéu suit xu ly cua 2 loai axit H,SO, va HCI, ching toi
nhan thiy, ca 2 truong hop déu cho hiéu qua cao nhit & cing ché doé nung (T, =
600°C/ t; = 1 gio va T, = 800°C/t, = 0,5 gi®). Tuy nhién, ching tdi thay rang, viéc xir

ly triu bang axit H,SO, cho hiéu suat cao hon, va mau sic tro tring hon 1a xir ly bang
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axit HCI. Vi vay, chang t6i quyét dinh chon axit H,SO, va ché d6 nung T, = 600°C/ t,
=1 gid va T, = 800°C/t, = 0,5 gid la cac diéu kién tdi wu dé khao sat tiép anh huong
cua thé tich axit ngam trau.

3.1.1.4. Anh hwéng cia thé tich dung dich axit ngam trau

Sau khi chon dugc ché @6 nung téi wu, chung toi khao sat anh hudng cua thé
tich axit ngam trau dugc thyuc hién nhu sau:

Tién hanh theo quy trinh & Hinh 3.1, trong thi nghiém nay, ching tdi thuc hién
ngam 15 g trau trong V = 200, 300, 400, 500 (ml) dung dich axit H,SO, 1 M trong
thoi gian t = 24 gio. Vi ché do nung T, = 600°C/t; = 1 gio va T, = 800°C/t, = 0,5

gid. Chiing t6i thu duoc két qua nhu sau:

Bdng 3.4: Két qud khdo sat anh hwéng cia thé tich axit ngam trdu

L Thé tich axit | Khéi luong ) Hiéu suat
STT | Kihiéu mau Mau sac
H,SO4 1 M (ml) tro (g) (%)
1 RHAS 200 200 1,9287 Trang hoi xam 12,86
2 RHAS_300 300 1,9424 Trang hoi vang 12,95
3 RHAS 4 400 1,9588 Trang bong 13,06
4 | RHAS_ 500 500 1,8219 Tring bong 12,15

Hinh 3.5: Cac mdu tro thu dwec khi khdo sat anh hwéng cia thé tich axit

Két qua Bang 3.4 cho thiy thé tich axit ban dau di chon (V = 400 ml) 1a phu
hop. Mdu RHAS_200 va RHAS_300 cho san pham tro c6 mau hoi xam va vang,
chung t6 luong axit khong du dé xur ly céc tap chat trong vo trau. Mau RHAS_500, ¢6

mau tring bong, twong duong véi mau RHAS_4, tuy nhién, hiéu suét thi thap hon. Vi
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vay, ching tdi van cb dinh luong thé tich axit ngdm trau 1a 400 ml dé khao sét tiép anh
huong caa thoi gian ngam trau.
3.1.1.5. Anh hwéng cia thei gian ngam triu
Sau khi chon duoc thé tich axit ngam trau toi vu, chung toi tiép tuc khao sat anh
huong cua thoi gian ngam trau duoc thuc hién nhu sau:
Tién hanh theo quy trinh ¢ Hinh 3.1, trong thi nghiém nay, chiing tdi tién hanh
ngam triu trong V =400 ml dung dich axit H,SO, 1 M trong thoi gian t = 18; 20; 22;
24 gid. Vi ché @6 nung T, = 600°C/t; = 1 gio' va T, = 800°C/t, = 0,5 gio. Két qua thu

duoc nhu sau:

Bdang 3.5: Két qud khdo sat dnh hwéng cia thei gian ngam trau

STT | Ki higu méu nng?r: ?é":‘;‘) Kht?; 1(‘;‘-)’”9 Mau séc Hié(%“ét
1 RHAS 18 18 2,0314 Triang xam lan vang 13,54
2 | RHAS 20 20 2,0081 Tring hoi xam 13,39
3 RHAS 22 22 1,9655 Tring hoi vang 13,10
4 RHAS 4 24 1,9588 Tring bong 13,06

Hinh 3.6: Cac mdu tro thu dwoec khi khdo sat @nh hweéng cia théi gian ngam trau

Dua vao két qua Bang 3.5, thdng qua mau sac cua san pham, ching tdi nhan
thdy, thoi gian cang ngan thi san pham tro cang khong tinh khiét, 1an nhiéu tap chat,
Mau sac tro cang xam dan. Thoi gian 24 gio 1a phi hop va du dé xir ly tap chat trong

V6 trau, cho san pham dat chat lugng cao.
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= Két luan:
Qua khao sat, ching tdi chon quy trinh diéu ché silica tro trau dat hiéu qua cao
dé 1am ngudn nguyén liéu tong hop zeolite NaA nhu sau:

Can 15 g triu (d4 rira sach) ngam trong cc chira 400 ml axit H,SO, 1 M trong 24
gio, sau do loc, rira nudc cat nhiéu lan dén trung hoa, siy khd & 90°C trong 4 gio.
Nung triu ¢ 600°C trong 1 gid, rdi 800°C trong 0,5 gio.

Mau tro nay duoc do XRF, XRD va SEM dé xéc dinh thanh phan va ciu tric.

3.1.2. Phan tich thanh phan silica tro trau

Trong Vo trau, bén canh thanh phan chinh Ia cellulose va lignin thi n6 chira mot
ham luong dang ké cac oxit kim loai. Khi nung & nhiét do cao thi cac chat hitu co
trong vo trau bi phan hay, con lai bo khung la silica. Cac két qua thu dugc cho thiy
rang thanh phan caa céc oxit chi chiém khoang 11-+14%, trong khi d¢6 mot lugng 16n
chét hitu co chiém 86--89%.

Theo két qua phan tich thanh phan nguyén t6 (XRF) mau silica tro triu RHAS_4
thi ham luwong SiO, trong tro trau khé cao dat 95,7%. Chung to SiO, kha tinh khiét.

Bdng 3.6: Thanh phdn hoa hec ciia tro trau

Thanh phan SiO, Ag,0 CaO MnO K,0

cua tro (%) 95,7 3,8 0,3 0,14 0,04

3.1.3. Phuong phap nhiéu xa tia X

Dic tinh cia mau RHAS_4 duoc chang minh qua gian 6 XRD & Hinh 3.7

Lin (Cps)

oA
'WM
,, 'WW‘”W&"“P W mﬁru%“w%wmm st o,

ElJriar e »_trotwass SR rawe- Typar 2THITh bocked - Start 5.000 * - Ends 59,990 * - Stapi 0030 * - Sap time) 0.8 3 - Tamg 4 26 *C (Room) - Time Stansd: § 1 - 2-Thets! 5 000 * - Thatar 2500 * - it

Hinh 3.7: Gidn dé XRD cia mdu silica tro tréu RHAS 4
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Tir gian d6 XRD, ta thdy chi c6 pic tU xuit hién & 26 bang 22° nhung cudng do
rat thap (khoang 15 Cps) nén c6 thé két luan rang silica tro tru ton tai & dang
cristobalite hat rat nho nén thuong dugc xem la silica vé dinh hinh.

Thuc té, SiO, tong hop tir trau c6 dang bot tring mém va cd do xdp cao, hat am
t6t. Pay 1a dang SiO, c6 hoat tinh cao nén thuan loi cho qua trinh tong hop zeolite
NaA.

3.1.4. Phwong phap chup anh SEM

Kich thuéc hat va hinh dang bé mat cua silica tro trau duoc xac dinh théng qua
anh SEM ¢ Hinh 3.8.

IMS-NKL x5.00k SE(M) IMS-NKL x200k SE(M)

Hinh 3.8: Anh SEM ciia mdu RHAS 4

Két qua SEM cua mau RHAS 4 cho thay silica tro trau I1a cac hat nano ¢ kich
thuge < 20 nm, két ty thanh dam. Két qua nay phu hop véi nhan dinh dwa vao gian db
XRD ¢ Hinh 3.7 da néu trén.

3.2. Khio séat cac yéu té anh hwéng dén kha ning hip phu metylen xanh

ciia silica tro trau
3.2.1. Pwong chuin xac dinh nong d§ metylen xanh

» Pha dung dich metylen xanh 100 mg/I
Can chinh x4c 0,1 g bot metylen xanh cho vao céc chtra sdn 800 ml nudc cat,
khuay déu roi cho vao binh dinh mtc 1000 ml, cho nudc cat dén vach.

> Pha day dung dich chudn t&r dung dich metylen xanh 100 mg/I
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Chuén bi 6 céc dung tich 100 ml, danh s tir 1 dén 6, pha day dung dich chuan voi
nong do 0 mg/l, 20 mg/l, 40 mg/l, 60 mg/1, 80 mg/l va 100 mg/l.
Két qua do UV-VIS cuaa ddy dung dich chuan dugc thé hién trong Bang 3.7:

Bdng 3.7: Két qud gia tri mdr d¢ quang cia dung dich chudn

STT mau 1 2 3 4 5 6
V metyien xanh 100mgrt (M) 0 8 16 24 32 40
V nse cit (M) 40 32 24 16 8 0
Nong d6 dung dich chuan (mg/I) 0 20 40 60 80 100
Mat d6 quang 0 |0,3019 | 0,6388 | 1,0016 | 1,3422 | 1,8406

Tir s6 liu thuc nghiém, ching tdi tién hanh dung duong chuan xac dinh ndng

do metylen xanh nhu sau:

2
Mat do /
quang 45

1
0.5 /

O T T 1
50 100 150

-0.5

Nong do (mg/1)

y =0.018x - 0.052
R?2=0.993

Hinh 3.9 : Pwong chudn xdc dinh néng dé ciia metylen xanh

3.2.2. Anh hwéng cia thoi gian hip phu dén kha ning hap phu caa silica tro

trau

L4y 6 binh tam gi4c dung tich 250 ml, d4nh s6 tir 1 dén 6, cho vao mdi binh 50 ml
dung dich metylen xanh 50 mg/I (C,) va 0,5 g silica tro trdu. Sau d6, tién hanh lic 6
binh trén may lic voi tée do 350 vong/phut trong cac khoang thoi gian khac nhau 10,
20, 30, 60, 90 va 120 phut.

Sau do, ly tam nhiéu lan, 1y dung dich do mat d6 quang trén may UV-VIS xac
dinh ndng d6 con lai (C.) cua metylen xanh.

Sau khi tién hanh theo quy trinh d3 néu, chung t6i thu dugc két qua nhu sau:
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Bdng 3.8: Két qud khdo sat anh hweng cia thoi gian dén kha néing hap phu cia

silica tro trdu

ST | Thoi gian | Nong do dau | Matdo | Nong do con | Dung luong hap | Hiéu
T (phat) C, (mg/l) quang | lai Co (mg/l) | phuge (mg/g) | suat (%)
1 10 50 0,3215 20,8 2,92 58,4
2 20 50 0,3172 20,5 2,95 59,0

3 30 50 0,3136 20,3 2,97 59,4
4 60 50 0,3094 20,1 2,99 59,8

5 90 50 0,3071 20,0 3,00 60,0

6 120 50 0,3054 19,9 3,01 60,2

Dua vao Bang 3.8, ching toi nhan thdy, trong thoi gian dau dung lwong hap phu

taing manh (tir 10<-20 phut, trong vong 10 phut, dung luong hap phu ting 0,03 mg/g),

trong khi do, tir 90 pht tro di, dung lwong hap phu ting cham (tir 90120 phdt, trong

vong 30 phut, dung lwong hap phu chi ting 0,01 mg/g).

Chung t6i chon thoi gian 90 phat 1a can bang hap phu va nghién ctu tiép anh

huong cua pH dén kha ning hap phu cua silica tro trau.

3.02
3.01

qe (mg/g)

2.99
2.98
2.97
2.96
2.95
2.94
2.93
2.92

Si02
¥
/
0O 20 40 60 8 100 120 140

Thoi gian (phat)

Hinh 3.10: Pé thi biéu dién dnh hwéng cia thoi gian dén dung lweng hép phu cia

silic

a tro trau
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Hinh 3.11: Anh chup dung dich khdo sat dnh hwéng cia théi gian hdp phu

e Mau 0: mau metylen xanh ban dau

e Mau 1: miu metylen xanh sau khi hap phu 10 pht
e Mau 2: miu metylen xanh sau khi hap phu 60 pht
e Mau 3: mau metylen xanh sau khi hap phu 120 phut

3.2.3. Anh hwéng cia pH dén kha ning hap phu cia silica tro trau

L4y 9 binh tam giac dung tich 250 ml, danh s6 tir 1+ 9, cho vao mdi binh 50 ml
dung dich metylen xanh 50 mg/1. Sau d6, diéu chinh pH tir 2+10 bang dung dich KOH
va HCI 0,05 M. Cho vao mdi binh 0,5 g silica tro trau va tién hanh Iic trén may lic
trong thoi gian t6i wu 13 90 phut.

Sau do, ly tam nhiéu lan, ldy dung dich do mat d6 quang trén may UV-VIS xac
dinh nong @6 con lai (C.) cua metylen xanh.

Sau khi tién hanh theo quy trinh d3 néu, chung t6i thu dugc két qua nhu sau:

Bdng 3.9: Két qud khdo sat anh huweng cia pH dén khd nang hdp phu cia silica tro

trau
STT | pH Nong d6 dau | Mat do Ng‘mg d6 con | Dung luong hap | Hiéu suat

Co (mg/l) quang | lai Ce (mg/l) | phuge (Mg/g) (%)
1 | 2 50 0,3666 23,3 2,67 53,4
2 |3 50 0,358 22,8 2,72 54,4
3 | 4 50 0,3406 21,8 2,82 56,4
4 |5 50 0,3194 20,6 2,94 58,8
5 | 6 50 0,3055 19,9 3,01 60,2
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6 7 50 0,3088 20,0 3,00 60,0
7 8 50 0,3268 21,0 2,90 58,0
8 9 50 0,3445 22,0 2,80 56,0
9 10 50 0,3643 23,1 2,69 53,8

Qua két qua Bang 3.9, chiing tdi nhan thay pH c6 anh hudng téi kha niang hap
phu cua silica tro trdu, & pH khac nhau thi dung lwong hap phu s& khac nhau. So sénh
dung luong hap phu va hiéu suat xir ly, ching toi nhan thay ¢ gia tri pH = 6, silica tro
trau c6 kha ning hap phu manh nhat. Vi vay, chiing t6i chon pH = 6 1a diéu kién t6i wu

dé khao sét tiép anh huong cua lwong chat hap phu.

— 31
2

4 3
& 29
2.8
2.7

2.6 T T T T 1

0 2 4 6 8 10

pH

Hinh 3.12: o thi biéu dién dnh hwéng ciia pH dén dung lirong hdp phu cia silica

tro trau

Hinh 3.13: Anh chup dung dich khdo sat énh hwéng ciia pH

e Mau 0: mau metylen xanh ban dau

e Mau 1: miu metylen xanh sau khi hip phu ¢ pH = 2
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e Mau 2: miu metylen xanh sau khi hip phu ¢ pH = 7

e Mau 3: mau metylen xanh sau khi hap phu ¢ pH = 10

3.2.4. Anh hwéng caa lweng chat hap phu dén kha ning hip phu cia silica

tro trau

L4y 10 binh tam gi4c dung tich 250 ml, danh s6 tir 1+ 10, cho vao mdi binh 50 ml
dung dich metylen xanh 50 mg/l. Sau d6, diéu chinh dén gia tri pH = 6. Cho vao mdi
binh mot luong silica tro trau khac nhau tir 0,1+1,1 g va tién hanh lac trén may lic
trong thoi gian 90 phdt.

Sau d6, loc lay dung dich do mat ¢ quang trén may UV-VIS xac dinh nong do
con lai (C,) cta metylen xanh.

Sau khi tién hanh theo quy trinh da néu, ching t6i thu duoc két qua nhu sau:

Bdng 3.10: Két qud khdo sat dnh hwéng ciia lweng tro dén khd ndng hép phu cia

silica tro trau

STT Sgﬁé I\égﬂgcio '\é'j‘;r?g@ Ili?rége C(‘fn;‘/)l;‘ ]?;B%a?g ] Hii‘j;)“ét
tro (g) (mg/l) (ma/g)

1| ot 50 0,6805 207 4,65 18,6
2 | 03 50 0,4319 26,9 3,85 462
3 | 05 50 0,2992 19,5 3,05 61

4 | o7 50 0,2156 14,9 251 70,2
5 | 09 50 0,1366 10,5 219 79,0
6 | 11 50 0,1084 89 1,87 82,2

Qua Bang 3.10, ching t6i nhan thiy khi ta ting khéi lwong chat hap phu thi
dung luwong hap phu giam va hiéu suat ting. Hiéu suat ban dau ting manh (khi ting
khéi lwong tro tir 0,1 g 18n 0,3 g, hiéu suét ting 27,6%), hiéu suat taing cham dan, khi

khoi lugng tro tir 0,9 g tro 1én thi twong ddi 6n dinh.
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e (mg/g) 5
4 |
2
1
0 T T T T T )
0.1 0.3 0.5 0.7 0.9 1.1 1.3
khéi lwong tro (g)

Hinh 3.14: Pé thi biéu dién dnh hwéng ciia lwong tro dén dung lwong hap phu cia

silica tro trau

Hinh 3.15: Anh chup dung dich khdo sat dnh hwéng ciia lweng silica tro trau

e Mau 0: miu metylen xanh ban dau
e Mau 1: miu metylen xanh sau khi hap phu véi 0,1 g tro
e MAau 2: mau metylen xanh sau khi hap phu vai 0,5 g tro

e Mau 3: miu metylen xanh sau khi hap phu véi 1,1 g tro
% Can bing hap phu

Tur cac két qua thu duoc, ching tdi nghién ciru can bang hap phu cua silica tro
trau ddi véi metylen xanh dugc thé hién qua 2 duong dang nhiét hap phu Langmuir va

Freundlich.
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Bdng 3.11: Bdng sé ligu dung dwong dang nhigt Langmuir va Freundlich cia silica

tro trau

ST | Khdiluong N{Amg d6 con | Dung luong hdp | Ce/0e Inc, Ing.
T tro (9) lai Ce (mg/l) | phuge (Mg/g) (9/l)

1 0,1 40,7 4,65 8,75 3,71 1,54
2 0,3 26,9 3,85 6,99 3,29 1,35
3 0,5 19,5 3,05 6,39 2,97 1,12
4 0,7 14,9 2,51 5,94 2,70 0,92
5 0,9 10,5 2,19 4,79 2,35 0,78
6 1,1 8,9 1,87 4,76 2,19 0,63

» Puong ding nhiét Langmuir

o 5
ER //
g 3
2
1
O T T T T 1
0 10 20 30 40 50
Ce (mg/1)

Hinh 3.16: Pwong ding nhiét hdap phu Langmuir cia silica tro trdu déi véi metylen
xanh
Pé xac dinh duoc cac hang sé trong phuong trinh dang nhiét Langmuir, ching

t6i V& lai d6 thi duéi dang duong thang.

Ce/qe 10
& s —
6 /
. y=0.124x + 3.756
R?=0.977
2
0 T T T T 1
0 10 20 30 40 50
Ce(mg/l)

Hinh 3.17: Pwong ding nhiét Langmuir dwéi dang dwong thiang
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Ap phuong trinh dudng tuyén tinh vao phuong trinh dudng dang nhiét
Langmuir

& ! C.+ L
kL'qmax

e

qe qmax
Chung t6i xac dinh dwoc gia tri dung lugng hap phu cuc dai cua silica tro trau

va hang s6 Langmuir k_nhu sau:

o = ————=8,065 (mg / g)

0,124
201244033
3,756

Két qua trén cho thay silica tro trdu c6 kha ning hip phu khdng cao, dung
lugng hap phu cuc dai qué thap.
»>Puong dang nhiét Freundlich

Tir céc sb liéu trong Bang 3.11, ching t6i xay dung dudng tuyén tinh biéu dién
su phu thudc caa Inge vao InC,. Tir d6 xac dinh cac hang sé trong phuong trinh
Freundlich.

Inge

S

1> vy =0.598x - 0.661/

0.5

O T T T 1
0 1 2 3 4

InCe

Hinh 3.18: Puwong dang nhiét Freundlich cua silica tro trdu doi véi metylen xanh

Ap phuong trinh duong tuyén tinh vao phuong trinh dwong dang nhiét

Freundlich

nge=%lgCe+lng

Chung t6i x4c dinh duoc cac hang sb cua phwong trinh dang nhiét Freundlich

cua silica tro trau dbi véi dung dich metylen xanh nhu sau:
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n= L =1672
0,598

k. =e® =0,516
= Nhan xét:
Phuong trinh dang nhiét hip phu Freundlich biéu dién cho qua trinh hap phu nay

t6t hon phuong trinh Langmuir, vi gia trj tvong quan R? trong phuong trinh Freundlich

gan bang 1 hon phuong trinh Langmuir.

3.3. Tong hop zeolite NaA
3.3.1. Pha dung dich

» Pha dung dich natri silicat Na,SiO; 1 M

Can 8,8 g NaOH cho vao cbc chira sdn 60 ml nuéc cat, khudy déu. Sau d6 cho tir tir
6,3158 g tro (chtra khoang 6 g SiO,) vao cdc va khudy trén may khuay tir trong 1 gio
dé phan (ng xay ra hoan toan. Sau dé loc lay dung dich va dinh muc téi 100 ml.

» Pha dung dich natri aluminat NaAIO, 1 M

Can 4,4 g NaOH cho vao céc chira san 15 ml nuéc cat, khuay déu. Sau do, cho tir
tir 2,7 g bot Al vao céc va khudy trén may khudy tir trong 1 gio. Sau d6 loc lay dung
dich va dinh muc tai 100 ml.

» Phadung dich NaOH 4 M

Can 80 g NaOH vao coc chira 400 ml nuée cat, khudy déu, dé ngudi va dinh mic
ta1 500 ml.

3.3.2. Quy trinh téng hep zeolite NaA téng quat

Chung tdi tién hanh tong hop zeolite NaA thyc hién theo so do sau:
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Cho V1 (ml) dung dich Na,SiO3 1 M vao binh tam giac

\ 4

Cho tiép V, (ml) dung dich NaOH 4 M va V5 (ml) nuéc cét, lic déu.

A 4

Nho tir tir V4 (ml) dung dich NaAlO, 1 M, lic déu

Y

Khudy trén may khudy tir trong 1 gid

Pit binh tam giac trong may diéu nhiét, gii & nhiét

do T,°C trong t; (gio) va T,°C trong t, (gio)

A 4

Gia hoa trong t; (gio)

A 4

Loc, rira san pham nhiéu lan bang nudc cat

A 4

Say & 90°C trong 4 gio

A 4

San pham

Hinh 3.19: So dé tong hep zeolite NaA téng quat
Trong 46, cac gia tri V1, Vo, Vi, Va, T1, Ty, t1, t, Va t3 12 cac yéu té s& duoc khao
sat dé tim ra diéu kién tdi wu.
3.3.3. Anh huéng cia ti 1é SiO,/Al,O4

Trong thi nghiém nay, ching t6i cé dinh ti 16 mol Na,O/Al,O3 = 8 va tién hanh
khao sét ti 1¢ SiO,/Al,O5 thay dbi tir 1+2. Ti Ié phéi liéu duoc trinh bay trong bang
sau:
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Bdng 3.12: Bang phai liéu khao sat anh hweng ti 1¢ SiO,/Al,054

7 Thé 7
Tile » Thé tich Thé
S < _ s mol | Thétich | tich | nuéc | tich
$ Mau zeolite Ki hiéu mau SiO,/ | Naz2SiOs | NaOH | cit | NaAIO
Al,O3 1M 4 M Vs 2 1M
Vi(ml) | Vo(ml) | (ml) | V4 (ml)
8Na20:1,OSiOZ:AI203:
1 NgS;AH 450 1 10 29 29,8 20
450H,0
8N&2011,35Si02:A|203
2 NgS13sAHs5 | 1,35 13,5 27,1 28,4 20
1 450H,0
8Na20:1,658i02:AI203
3 NgS165AH4s50 | 1,65 16,5 25,4 27,3 20
. 450H20
8Na20:2,OSi02:AI203:
4 NgS,AH 450 2 20 23,5 25,9 20
450H,0

Chuing tdi chon ché do thay nhiét 1a T, = 90°C/ t, = 2 gio, T,=95°C/ t, = 1 gio va

gia héa trong thoi gian t; = 30 phdt.

thu

Tién hanh theo quy trinh & Hinh 3.19 va céac ché d6 thuy nhiét da néu, ching toi

duoc két qua sau:

Bdng 3.13: Két qud khdo sat dnh hwéng ciia SiO,/Al,04

STT Mau zeolite Ki hiéu mau 1116 mol M eqtite ()
SiO,/Al,04
1 8Na,0:1,0Si0,:Al,03:450H,0 NgS1AH 50 1 2,1932
2 8Na,0:1,35S10,:Al,03:450H,0 | NgS;35AH 50 1,35 2,6538
3 8Na,0:1,65Si0,:Al,03:450H,0 | NgS;e5AH 450 1,65 3,6278
4 8Na,0:2,0Si0,:Al,05:450H,0 NgS,AH 50 2 4,3696

Mau zeolite thu duoc la dang bot traing min, ching t6i da tién hanh khao sat thanh

phan va cau trdc cac miu thu dugc bang phuong phap nhidu xa tia X (XRD). C4c gian

d6 XRD duoc trinh bay chi tiét & phan phu luc.

Dya vao két qua Bang 3.13 va gian do6 XRD & phan phu luc, ching toi nhan thay

m?lu N881,65AH450 va NgSZAH450 cho khé)l lu’qng san phém cao hO’Il, tuy nhién két qUé
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phan tich XRD cho thiy cac pic cia 2 mau nay khong triing véi pic chuan caa zeolite
NaA ma lan nhiéu chat khac nhau. Vi vay, ti Ié SiO,/Al,O5 = 1,65 va 2 1a khéng phu
hop dé tong hop zeolite NaA.

Mau NgSi35AH450 VA NgS;AH,45 cho két qua tring véi pic chuan caa zeolite
NaA. Mau NgS;AH 50 cho cudng do pic cao hon, chiing to zeolite két tinh tét hon. Vi
vay, chling t6i chon ti 1 SiO,/Al,03 = 1 1a diéu kién ti vu dé tdng hop zeolite NaA.

Faculty of Chemistry, HUS, VNU, D8 ADVANCE-Bruker - Mau Na8S1AH450
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IFile: Nu TPHCM mau N8S1AH450.raw - Type: Locked Coupled - Start: 5.000 ° - End: 40.000 ° - Step: 0.020 ° - Step time: 0.8 s - Temp.: 25 °C (Room) - Time Started: 8 s - 2-Theta: 5.000 ° - Theta: 2.500 ° -
[Aln Left Angle: 6.660 ° - Right Angle: 7.320 ° - Left Int.: 89.7 Cps - Right Int.: 83.4 Cps - Obs. Max: 7.147 ° - d (Obs. Max): 12.358 - Max Int.: 758 Cps - Net Height: 673 Cps - FWHM: 0.121 ° - Chord Mid.: 7.1
[®]00-011-0590 (D) - Sodium Aluminum Silicate Hydrate - (NaAISiO4)12-27H20 - Y: 95.11 % - d x by: 1. - WL: 1.5406 - Cubic - a 12.32000 - b 12.32000 - ¢ 12.32000 - alpha 90.000 - beta 90.000 - gamma 90.0

Hinh 3.20: Gidn d6 XRD mdu NgS;AH 45
Ap dung phuong trinh tinh kich thuéc hat caa Debye — Scherrer:
~ 0,94
p.cosé

Trong do: D: kich thudc hat (nm)

A budc song anh sang (4=0,15406 nm)

A d6 rong béan phé (rad)

6 goc nhiéu xa (rad)
Dua vao d6 ban rong cua pic nhiéu xa cuc dai, ching toi thyc hién tinh kich thudc

hat cia 2 mau c6 pic tring véi pic chuan caa zeolite NaA, két qua nhu sau:
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Bdng 3.14: Két qud tinh kich thwéc hat

Ti 1€ mol

o : Cudng do pic | GOC 20 | Do ban rong | Kich thuée
STT | Kihiéumau | SiO,/Al,O cuc dai (Cps) (@) 5 (d9) hat (nm)
5 .
1 | NgSiAHus 1 758 7,147 0,121 65,783
2 | NgS135AHus0 1,35 279 7,164 0,153 52,025

Két qua Bang 3.14 cho thdy kich thuéc hat mau NgS;AHus I6n hon mau
NgS1a5AH 50 , ching t6 mau NgS;AH s két tinh t6t hon mau NgSy 35 AH 0. Két qua

nay phu hgp véi nhan dinh dya vao cuong do pic da néu ¢ trén.

3.3.4. Anh hwéng caa ti I¢ Na,0/SiO,

Trong thi nghiém nay, ching t6i ¢6 dinh ti 18 SiO,/Al, 05 = 1 va ché do thuy nhiét
nhu muc 3.3.3, tiép tuc khao sét ti 16 mol Na,O/Al,03 thay ddi tir 3+10. Ti Ié phdi liéu

duoc trinh bay trong bang sau:

Bdng 3.15: Bdng phéi liéu khdo sat dnh hwéng ti 1é Na,O/Al,O4

_— Thé Thé
niof Thétich | tich tich | Thétich
Mau zeolite Ki hiéu mau NaSiOs | NaOH | nuoc | NaAlO:
Na,O/ 1M 4 M cat 1M
Al,O3
Vi(ml) | Vo(ml) | Va(ml) | V4(ml)
3Na,0:Si0,:Al,03:
1 N3S;AH 50 3 10 4 50,8 20
450H,0
5Na,0:Si0,:Al,03:
2 N5S;AH 50 5 10 14 42,4 20
450H,0
7Nazo:SiOZ:A|203:
3 N-S;AH 50 7 10 24 34 20
450H,0
8Nazo:SiOZ:A|203:
4 NgS1AH 50 8 10 29 29,8 20
450H,0
10Nazo:SiOZ:A|203
N10S1AH 5 10 10 39 21,4 20
450H20
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Tién hanh theo quy trinh d3 néu, chung t6i thu dwoc két qua sau:

Bdng 3.16: Két qud khdo sat dnh hwéng ciia Na,0/SiO,

STT Mau zeolite Ki hiéu mau Til¢ mol Meolite (0)
Na,O/Al,O4
1 3Na,0:SiO,:Al,03: 450H,0 N3S;AH 50 3 2,9869
2 5Na,0:SiO,:Al,03: 450H,0 Ns5S;AH 50 2,6756
3 7Na,0:Si0,:Al,03: 450H,0 N7S1AH 50 7 2,4947
4 8Na,0:Si0,:Al,03: 450H,0 NgS1AH 50 8 2,1932
5 10Na,0:Si0;,:Al,03:450H,0 | N1oS;AHs 10 2,1711

Két qua Bang 3.16 cho thiy khi ting ti 16 Na,O/Al,0; thi khdi lwong san pham

thu duoc cang giam.

Cac mau thu duge dugc phan tich cau tric bing phuong phap XRD, gian dd XRD

duogc trinh bay ¢ phan phu lyc. Théng qua gian d6, ching t6i nhan thiy cac mau déu

cho céc pic gan nhu tring véi pic chuan cia zeolite NaA, tuy nhién, cdc maiu
N3S1AHus0, N5S1AH 450, N7S1AHs0 VA N1oS1AH50 cho mot sb pic 1an chat khac,
ching to cac miu khdng chira ddng nhat 1 dang zeolite NaA tinh khiét. Ti Ié
Na,O/Al,O3 = 3; 5; 7; 10 la khdng phu hgp cho su hinh thanh zeolite NaA.

Ap dung phuong trinh Debye — Scherrer, ching toi tinh kich thudc hat cua cac

mau, két qua duoc trinh bay & bang sau:

Bdng 3.17: Két qud tinh kich thwéc hat ciia mdu khdo sat ti 1é Na,O/Al, O

_ ~ Ti I¢ mol bo banréng | Kich thude
STT | Kihiéu mau Goc 26 .

Nazo/Alzog p (dO) hat (nm)
1 N3S1AH 50 3 23,976 0,231 33,104
2 N5S1AH 50 24,005 0,195 39,217
3 N7S1AH 450 7 24,005 0,202 37,858
4 NgS;1AH 50 8 7,147 0,121 65,783
5 N10S1AH 50 10 23,971 0,213 35,901
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Két qua Bang 3.17 cho thay kich thuéc hat cia mau NgS;AHus, 12 16n nhat, ching
t6 mau két tinh tt. Vi vay, ching tdi chon ti 18 Na,O/Al, O3 = 8 nhu ban dau 13 diéu
kién tdi uvu dé khao sat anh hudng cua ché do thay nhiét va gia hoa.

Két qua chup anh SEM ctia mau NgS;AH,s0 ¢ Hinh 3.21 (chi tiét & phan phu luc)
cho thay trong anh da c6 tinh thé dang lap phuong dic trung cua zeolite NaA, tuy
nhién trong d6 van xuat hién cac hat hinh cau nho xung quanh, diéu dé co thé giai

thich 1a thoi gian chua du dé cac tinh thé két tinh hoan toan

Hinh 3.21: Anh SEM cita mdu NgS;AH,5
3.3.5. Anh hwéng caa ché d thiay nhiét va thoi gian gia hoa

Tién hanh theo quy trinh ¢ Hinh 3.19, trong thi nghiém nay, chdng téi gii nguyén
c4c ti 18 phdi liéu nhu myc 3.3.4, khao st ché do thary nhiét va thoi gian gia hoa. Két

qua dugc trinh bay trong bang sau:

Bdng 3.18: Bdng két qua khdo sat ché dé thiy nhiét va gia hoa

o . ) ) Thoi gian gia
STT| Kihigumau | Ty (°C) |t (9i6) | T2 (°C) | t2 (gi0) | | | Mazeaite (9)
hoa t3 (gio)
1 NgS1AH 50 90 2 95 1 30 2,1932
2 NaA90-4-1 90 2 90 2 1 2,3189
3 NaA100-4-24 100 2 100 2 24 2,5878

Két qua Bang 3.18 cho thiy, khi ting thoi gian thay nhiét va thoi gian gia hoa,

khdi lwgng san pham ting dan.
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Cac mau thu duoc duoc phan tich ciu tric biang phuong phap XRD, gian dd
XRD duoc trinh bay & phan phu luc. Théng qua gian db, ching tdi nhan thdy mau
NaA90-4-1 cho céc pic gan nhu tring véi pic chuan caa zeolite NaA, tuy nhién, cudng
d6 pic thap hon mau NgS1AH.so, két qua tinh kich thudc hat cho thay mau NaA90-4-1
c6 kich thudc hat 1a 35,22 nm, két qua nay nho hon miu NgS;AH.se. Piéu nay cho
thay nhiét do thay nhiét l1dc 90°C 1a khong du dé céc hat két tinh.

Théng qua gian d6 XRD cua mau NaA100-4-24 ( Hinh 3.22), ching t6i nhan

thiy cac pic déu tring véi pic chuan cua sodalite.

Sodium Aluminum Silicate Hydrate

= sl
AW

Lin (Cps)

Pt

2-Treta - Scale
RfiJFile: zeolitesraw - Type: 2ThiTh locked - Start: 5000 * - End: 94,990 * - Step: 0.030 © - Stap trme: 08 £- Tarmp.: 25 *CCRoor) - Tirne Stanad: 85 - 2-Thata: 5.000 * - Theta: 2.500 © - chi: 0.00 * - Ph
Left Angle: 12,950 © - Right Sngle: 14690 ° - Left Int.: 1.45 Cps - Right Int.: 1,84 Cps - Cbs, Max: 12,889 * - d (Cbs, Max): £.3708< - Max Int.: 1.8 Cps - Met Height: 20,1 ps - FWHM: 0,248 © - <h
= 25070 © - Left Int.: 4.64 Cpx - 2 P9 ps - bz, Max: 24232 ° - d (Obz. Max): 266985 - Max Int.: 32.0 Cps - Met Height: 32.2 Cps - FWHM; 0,252 © - <h

Cperations | Snoath 0,150 | Smoo .150 | Srip kAlph a2 0514 | Backa 0.000,1.000 | Innpart
[#]00-021-1271 (€3 - Sadiura Aurninurn Silicste Hydrats - 108220205 168 SO 1L.BHRO- ¥: 91.80 26 - d x by: 1. - WL 15406 - Cubic - 3 898000 - b £.93000 - ¢ £.98000 - slpha 90.000 - bata 90.000

Hinh 3.22: Gidn do XRD médu NaA100-4-24

1

x10.0k

Hinh 3.23: Anh SEM ciia mdu aAlOO-4-24
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Két qua anh SEM cua mau NaA100-4-24 ( Hinh 3.23) cho thdy dang tinh thé Ia
cac khéi cau kha dong déu, day 1a dang dic trung cua sodalite. Piéu ndy cho thay ché
d6 thuy nhiét 100°C trong 4 gid va thoi gian gia hoa 24 gio 1 khdng phi hop dé tong
hop zeolite NaA. Sy hinh thanh sodalite ¢ day rat thl vi, nhung do thoi gian lam Khoa
luan dd hét nén ching tdi khong thé tiép tuc khao sat.
= Két luan:

Chdng t6i nhan thay ché d6 thuy nhiét va thoi gian gia héa ban dau 1a phi hop
dé tong hop zeolite NaA. Tién hanh véi luong 16N, bot zeolite thu dugce duge dung dé
khao sat kha nang hap phu metylen xanh.

3.4. Khao sét cac yéu té6 anh hwéng dén kha ning hap phu metylen xanh
cua zeolite NaA

3.4.1. Anh hwéng caa thei gian hip phu dén kha ning hip phu caa zeolite

NaA

Thuce hién twong ty nhu nghién ctru kha ning hap phu cua silica tro trau, quy trinh
nhu sau:

LAy 6 binh tam giac, danh s tir 1+6, can 0,5 g zeolite NaA (mau NgS;AH 50) vao
binh tam gi4c chtra 50 ml dung dich metylen xanh néng d6 50 mg/l, tién hanh lic trén
may lic véi tbe do 350 vong/phit trong cac khoang thoi gian khac nhau, sau d6 ly tim
nhiéu 1an, dung dich con lai duoc do tric quang trén may UV-VIS dé xac dinh nong do
con lai.

Sau khi tién hanh theo quy trinh d4 néu, chung t6i thu duoc két qua nhu sau:

Bdng 3.19: Két qud khdo sat dnh hwéng cia théi gian dén khd ning hdp phu cia

zeolite NaA
o7 | Thoi gian Nong d6 dau | Mat do | Nong d6 con | Dung luong hap |  Hiéu
(phat) C, (mg/l) quang | lai Co (mg/l) | phuge (Mmg/g) | suat (%)
1 10 50 0,0123 3,6 4,64 92,8
2 20 50 0,0098 34 4,66 93,2
3 30 50 0,0069 3.3 4,67 93,4
4 60 50 0,0056 3,2 4,68 93,6
5 90 50 0,0041 3,1 4.69 93,8
6 120 50 0,0039 3,1 4,69 93,8
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Dya vao Bang 3.19, ching toi nhan thiy, trong thoi gian dau dung luong hip phu
taing manh (tir 10<-20 phut, trong vong 10 phut, dung luong hap phu ting 0,02 mg/g),
trong khi d6, tir 90 pht tré di, dung lugng hap phu 6n dinh va khong ting nira.

Vi vay, ching t6i chon thai gian 90 phit 1 can bang hap phu va nghién ctu tiép
anh huong cua pH dén kha ning hap phu cua zeolite NaA.

Két qua nay cling twong tu nhu silica tro trau, ban dau khi cho chit hap phu vao
dung dich mau, cac I tréng trong phan tir chat hap phu ¢ kha nang hap phu cao, 1am
cho C. giam nhanh, cang vé sau, cé4c 16 tréng dan bj chiém day, 1am cho C, giam cang

cham va on dinh, thoi gian khi C, 6n dinh 12 thoi gian can bang hap phu.

4.7
4.69 ¢
4.68
4.67
4.66
4.65
4.64 -—J

4.63

qe (mg/g)

0 50 100 150

t (phat)

Hinh 3.24: Pé thi biéu dién dnh hwéng cia thoi gian dén dung lweng hép phu cia
zeolite NaA

Hinh 3.25: Anh chup dung dich khdo sat dnh hwéng cia théi gian hdp phu

e MAau 0: mau metylen xanh ban dau

e Mau 1: mau metylen xanh sau khi hap phu 10 phat
e Mau 2: miu metylen xanh sau khi hap phu 60 pht
e Mau 3: mau metylen xanh sau khi hap phu 120 phut
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% So sanh véi silica tro trau

So sanh anh huong cua thoi gian dén dung luong hip phu cua zeolite va silica tro
trau, chang tdi nhan thiy zeolite c6 dung lwong hap phu cao gap khoang 1,6 lan silica
tro trau, thé hién trong Hinh 3.26.

de(mg/e) ° | pEE—N——

| oo ———
¢—Si02

== NaA

O B N W
4

0 30 60 90 120 150

thaoi gian (pht)

Hinh 3.26: Pé thi thé hién sw phu thudc cia dung Iweng hdp phu cia silica tro trau

SiO, va zeolite NaA vao thei gian
3.4.2. Anh hwéng cia pH dén kha ning hap phu caa zeolite NaA

L4y 9 binh tam giac dung tich 250 ml, danh s6 tir 1+ 9, cho vao mdi binh 50 ml
dung dich metylen xanh 50 mg/1. Sau dé, diéu chinh pH tir 2+10 bang dung dich KOH
va HCI 0,05 M. Cho vao mdi binh 0,5 g zeolite va tién hanh lic trén may lac trong 90
phut.

Sau d6, ly tam nhiéu lan, lay dung dich do mat do quang trén may UV-VIS xac
dinh ndng @6 con lai (C.) cua metylen xanh.

Sau khi tién hanh theo quy trinh da néu, chiing t6i thu duoc két qua nhu sau:

Bdng 3.20: Két qud khdo sat anh hweng ciia pH dén khd néng hap phu cia zeolite

NaA
ST | pH Nong d6 dau | Mat do N<_‘3ng d6 con | Dung luong hap | Hiéu suat
Co (mg/l) quang | lai Ce (mg/l) | phuge (Mg/g) (%)
1| 2 50 0,0181 3,9 4,61 92,2
2 | 3 50 0,0132 3,6 4,64 92,8
3 | 4 50 0,0103 3,5 4,65 93,0
4 | 5 50 0,0059 3,2 4,68 93,6
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5 6 50 0,0035 3,1 4,69 93,8
6 7 50 0,0027 3,0 4,70 94,0
7 8 50 0,0041 3,1 4,69 93,8
8 9 50 0,0067 3,3 4,67 93,4
9 10 50 0,0120 3,6 4,64 92,8

Qua két qua Bang 3.20, chung tdi nhan thay pH c6 anh hudng t6i kha nang hap
phu cua zeolite, & pH khac nhau thi dung lwong hap phu s& khac nhau, tuy nhién anh
huong nay khong dang ké. So sanh dung lwong hap phu va hiéu suat xir Iy, ching toi
nhan thay ¢ gi4 tri pH = 7, zeolite c6 kha niang hap phu manh nhat, dung luong hap
phu cao nhat dat 4,70 mg/g, dat hiéu suat 94,0%. Piéu nay c6 thé giai thich 1a & méi
truong axit hay bazo thi s& ¢6 su canh tranh hap phu cta cac ion H* va OH " Ién bé
mat chat hip phu zeolite, 1am cho zeolite giam kha ning hap phu chat mau metylen
xanh.

Vi vy, ching tdi chon pH = 7 1a diéu kién ti wu dé khao sét tiép anh huong

cua luong zeolite dén kha ning hap phu.

4.72
4.7

4.66 \

4.64 / \

4.62

4.6

qe (mg/g)

0 5 10 15
pH

Hinh 3.27: Do thi biéu dién dnh hwéng ciia pH dén dung lwong hdp phu cia zeolite
NaA
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Hinh 3.28: Anh chup dung dich khdo sat énh hwéng cia pH

e Mau 0: miu metylen xanh ban dau

e Mau 1: miu metylen xanh sau khi hip phu ¢ pH = 2
e Mau 2: miu metylen xanh sau khi hap phu ¢ pH =7
e Mau 3: mau metylen xanh sau khi hap phu ¢ pH = 10

% S0 sanh vdi silica tro trau

—~ 5
20 B-E-a--u-a-u-u-n
)
g 4
r
T 3 -w
) == Si02
1 == NaA
0 T T 1
0 5 10 15
pH

Hinh 3.29: Pé thi thé hién s phu thudc ciia dung lwong hdp phu cia silica SiO, va

zeolite NaA vao pH
3.4.3. Anh hwéng cia lwgng zeolite dén kha ning hap phu caa zeolite NaA

L4y 10 binh tam giac dung tich 250 ml, danh sé tir 1+ 10, cho vao mdi binh 50 ml
dung dich metylen xanh 50 mg/1. Sau d6, diéu chinh dén gi4 tri pH = 7. Cho vao mdi
binh mot luong zeolite khac nhau tir 0,1+0,6 g va tién hanh lac trén may lic trong thoi
gian 90 phut.

Sau d6, loc lay dung dich do mat ¢ quang trén may UV-VIS xac dinh nong do
con lai (C,) cua metylen xanh.
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Sau khi tién hanh theo quy trinh d3 néu, chung t6i thu dugc két qua nhu sau:

Bdng 3.21: Két qud khdo sat dnh hwéng ciia Iweng zeolite dén khd nang hép phu

cua zeolite NaA

, \ I Matds | | Hie

STT | Khéi luong | Nong d¢ dau jan ©| Néng docon | Dung lugng hép | suét
zeolite (g) | Co (mg/) | 14" | laiC, (mg/) | phuge (mglg) | (%)

1 0,1 50 0,2786 18,4 15,80 63,2
2 0,25 50 0,0627 6,4 8,72 87,2
3 0,4 50 0,0196 4,0 5,75 92,0
4 05 50 0,0030 31 4,69 93,8
5 0,6 50 0,0005 2,9 3,03 94,2

Qua Bang 3.21, ching toi nhan thay khi ta ting khéi luong chat hap phu thi

dung lwong hap phu giam va hiéu suit ting. Hiéu suit ban dau ting manh (khi ting

khdi lugng zeolite tir 0,1 g 1&n 0,25 g, hiéu suét ting 24,0%), hiéu suat ting cham dan,

khi khéi lwong zeolite tir 0,4 g trg 18n thi ting cham va tuong dbi 6n dinh.

Chdng toi nhan thay, khi xt Iy mau (50 ml dung dich metylen xanh nong do 50

mg/l) vai 0,6 g zeolite, két qua cho gia tri mat do quang gan bing 0 (D = 0,0005), dung

dich gan nhu trong sudt khdng mau, hiéu suat dat cao nhat 94,2%.

Két luan: Vi ti ¢ lugng zeolite / lwong metylen xanh = 600 mg / 2,5 mg thi

kha ning hap phu gan nhu hoan toan.
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Hinh 3.30: Pé thi biéu dién dnh hwéng ciia lweng zeolite dén dung lweng hdp phu

cua zeolite NaA

Khoa luan tét nghiép




GVHD: TS. Phan Th; Hoang Oanh SVTH: Hoang Th; Ngoc Niz

Hinh 3.31

: Anh chup dung dich khdo sat dnh hwéng ciia lwong zeolite NaA

Mau 0: mau metylen xanh ban dau
Mau 1: mau metylen xanh sau khi hip phu vai 0,1 g zeolite
Mau 2: mau metylen xanh sau khi hap phu véi 0,25 g zeolite

Mau 3: mau metylen xanh sau khi hip phu vai 0,6 g zeolite

< Can bang hap phu

Tur céc két qua thu duogc, ching tdi nghién ciu can bang hap phu cua zeolite

NaA d6i véi metylen xanh duoc thé hién qua 2 dudng ding nhiét hip phu Langmuir va

Freundlich.

Bdng 3.22: Bang sé ligu dung dwong dang nhigt Langmuir va Freundlich cia

zeolite NaA

Khoi ‘ Dung
STT| o8 | M | M9 cean | we. |

(9) (mg/l) (mg/g)
1 0,1 18,4 15,80 1,16 2,91 2,76
2 0,25 6,4 8,72 0,73 1,86 2,17
3 0,4 4,0 5,75 0,70 1,39 1,75
4 0,5 3,1 4,69 0,66 1,13 1,55
5 0,6 2,9 3,93 0,74 1,06 1,37
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» Pwong dang nhiét Langmuir

3 20
E
o
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5 ’/
O T T T 1
0 5 10 15 20
Ce (mg/)

Hinh 3.32: Puong dang nhiét hap phu Langmuir cia zeolite NaA déi véi metylen
xanh
Pé xac dinh duoc cac hang sé trong phuong trinh dang nhiét Langmuir, chdng

t6i V& lai d6 thi duéi dang duong thang.

% 1.4
g 1
Q
O 038
06 M y =0.0306x + 0.5852
: 2 _
0.4 R =0.9549
0.2
0 T T T 1
0 5 10 15 20

Ce (mg/I)

Hinh 3.33: Puwong ding nhiét Langmuir dwéi dang dwong thiang

Ap phuong trinh dudng tuyén tinh vao phuong trinh dudng dang nhiét
Langmuir

C._ 1, 1

e

+
qe qmax kL'qmax

Chung t6i xac dinh dugc gia tri dung luong hap phu cuc dai caa zeolite NaA va

hang s6 Langmuir k_nhu sau:

1
—_~ -3333(mg/
Ol 0.030 (mg/g)

k =290 _ 0,051

0,585
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Két qua trén cho thay zeolite c6 kha ning hip phu cao hon silica tro trdu kha
nhiéu, dung lugng hap phu cuc dai cia zeolite NaA gap hon 4 1an so véi silica tro trau.

»Puong dang nhiét Freundlich

Tir céc sb liéu trong Bang 3.22, chiing t6i xay dung dudng tuyén tinh biéu dién
su phu thudc caa Inge vao InC,. Tir d6 xac dinh cac hang sé trong phuong trinh

Freundlich.

3
[}]
£ 2.5 ’//0
2
y=0.722x+0.7143
1.5
RZ2=0.9764
1
0.5
O T T T 1
0 1 2 3 4

Hinh 3.34: Pwong diang nhiét Freundlich cia zeolite NaA déi véi metylen xanh

Ap phuong trinh duong tuyén tinh vao phuong trinh duong dang nhiét

Freundlich

nge=%lgCe+lng

Ching tdi xac dinh dugc cac hang sb cua phuong trinh dang nhiét Freundlich
cua silica tro trau dbi véi dung dich metylen xanh nhu sau:

n= L =1,385
0,722

ke = e =2,042
= Nhan xét:

Phuong trinh dang nhiét hap phu Freundlich biéu dién cho qua trinh hap phu
ndy tét hon phuong trinh Langmuir, vi gia tri twong quan R? trong phuong trinh

Freundlich gan bang 1 hon phuong trinh Langmuir.
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CHUONG 4

KET LUAN VA PE XUAT

4.1. Két luan

Qua qué trinh thyc hién dé tai, ching t6i thu duoc nhitng két qua sau:

1. Pa khao sat cac yéu té anh huong dén qua trinh diéu ché silica tro trau. Cac
thong sb tbi wu cho qua trinh diéu ché silica tro trau 1a:

e Dung dich ngdm trau la 400 ml dung dich axit H,SO4 1 M cho 15 g trau.
e Thoi gian ngam trau la 24 gio.
e Ché @6 nung 12 600°C trong 1 gid, rdi 800°C trong 0,5 gid.

Két qua bot silica tro triu dat chat lwong tét. Qua két qua phan tich XRF cho thiy
san pham chira 95,7% SiO,; két qua XRD xuét hién pic ti ¢ 20 = 22° véi cuong do pic
thap (khoang 15 Cps); két hop véi két qua SEM cho thay SiO, & dang vo dinh hinh,
phu hop cho qué trinh tdng hop zeolite NaA.

2. Pa khao sat cac yéu té anh huong dén qua trinh tong hop zeolite NaA tir silica
tro trau. Cac thong sb tbi wu:

e TiléSIO,/AI,0;=1

e Tilé Na,O/Al,O; =8

e Ché d6 thuy nhiét 14 90°C trong 2 gid, roi 95°C trong 1 gio.
e Thoi gian gia héa la 30 phat.

Mau zeolite NgS;AH.s (8Na,O: SiO,: Al,O3: 450H,0) di dugc phan tich
XRD,SEM va BET. Két qua XRD cho thay cac pic déu tring pic chuan cua zeolite
NaA. Anh SEM c6 céc tinh thé dang lap phuong dic trung cua zeolite NaA. Két qua
do BET thu dugc dién tich bé mat cua mau 1a 2,56 m?/g.

3. Pa nghién ctru kha nang hap phy cua silica tro trau va zeolite NaA. Cac thong sb

thu dugc duoc trinh bay trong bang sau:

Khoa luan tét nghiép



GVHD: TS. Phan Th; Hoang Oanh SVTH: Hoang Thi Ngoc Niz

Théng sd Silica tro trau Zeolite NaA
Thoi gian dat can bang (phut) 90 90
pH téi wu 6 7
Dung lwong hap phu cuc dai (mg/g) 8,065 33,33
Hiéu suat (%) 60,0 93,8

4.2. D& xuat

Théng qua nghién ctu nay, ching toi thiy day 1a van dé hay va phu hop vai tinh

hinh ciia dia phuong ta hién nay. D6 1a sir dung tro triu, mot nguyén liéu ré tién va rat

phd bién dbi véi mot nudc ndng nghiép nhu nude ta dé san xuét ra SiO, va zeolite 1a

nhitng nguyén lidu dit tién hon va c6 nhiéu tng dung hon.

Vi dé tai duoc thuc hién trong thoi gian c6 han va kinh phi han ché nén chua thé

nghién ctru day du cac yéu t. Bé thu dugc nhitng két qua tot hon ciia dé tai, ching toi

kién nghi tiép tuc nghién ciru mot s6 noi dung sau:

Nghién ctru dé nang cao hiéu suat diéu ché silica tro trau va zeolite NaA.
Tiép tuc khao sat anh huong cua toc do lac dén kha nang hap phu.
Nghién ctru kha nang hap phu dong (qua cot) cua zeolite.

Nghién ctru kha ning giai hap phu, tai tao zeolite.

Nghién cau tong hop céc loai zeolite khac nhu zeolite LSX, Y, ZSM-5...

va vat liéu cach nhiét silica aerogel...
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PHIEU KET QUA KIEM NGHIEM
S6: XRF-05/2011

KET QUA NAY CHI €O GIA TRI CHO MAU THU

Tén khéch hang : Hoang Thi Ngoc Nir
bia chi:
S6 luong mau : 01

Yéu cdu phan tich :  Thanh phén héa hoc
Thiét bj phan tich : ~ May XRF MiniPal 2
Ngay nhin miu : 04/11/2011

Thoi gian luu miu: 7 ngay ké tir n;:a) tra két qua. Hét thoi gian luu mau, Khoa Cong nghé
Vit liéu khong chiu trach nhiém vé viée khiéu nai két qua kiém nghiém cia khéch hang.

Két Qua Kiém Nghiém: Thanh phan hoa hoc %

Ngay trd mau :
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Nguoi kiém tra

KS. Nguyén Chi Thanh
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TP. Ho Chi Minh, ngay 9 thdng 11 nam 2011
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Hinh H.1: Két qud do XRF mau silica tro trédu RHAS_4
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Faculty of Chemistry, HUS, VNU, D8 ADVANCE-Bruker - Mau Na8S1,35AH450
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hAlFile: Nu TpPHCM mau N8S1,35AH450.raw - Type: Locked Coupled - Start: 5.000 ° - End: 45.000 ° - Step: 0.020 ° - Step time: 0.8 s - Temp.: 25 °C (Room) - Time Started: 1 s - 2-Theta: 5.000 ° - Theta: 2.500

[Al1) Left Angle: 6.560 ° - Right Angle: 7.420 ° - Left Int.: 84.4 Cps - Right Int.: 79.8 Cps - Obs. Max: 7.164 ° - d (Obs. Max): 12.330 - Max Int.: 279 Cps - Net Height: 198 Cps - FWHM: 0.153 ° - Chord Mid.: 7.1
[®]00-039-0222 (C) - Sodium Aluminum Silicate Hydrate - Na96AI96Si960384-216H20 - Y: 98.05 % - d x by: 1. - WL: 1.5406 - Cubic - a 24.61000 - b 24.61000 - ¢ 24.61000 - alpha 90.000 - beta 90.000 - gam

Hinh H.2: Gidn dé XRD mau zeolite NgS; 35AH 450

Faculty of Chemistry, HUS, VNU, D8 ADVANCE-Bruker - Mau Na8S1,65AH450

0=6.328
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2-Theta - Scale
BAJFile: Nu TPHCM mau N8S1,65AH450.raw - Type: Locked Coupled - Start: 5.000 ° - End: 45.000 ° - Step: 0.020 ° - Step time: 0.8 s - Temp.: 25 °C (Room) - Time Started: 9 s - 2-Theta: 5.000 °© - Theta: 2.500
[Aly Left Angle: 22.680 ° - Right Angle: 25.820 ° - Left Int.: 31.1 Cps - Right Int.: 36.6 Cps - Obs. Max: 24.400 ° - d (Obs. Max): 3.645 - Max Int.: 221 Cps - Net Height: 187 Cps - FWHM: 0.598 ° - Chord Mid.: 2
[®]00-041-0009 (1) - Sodium Aluminum Silicate Hydroxide Hydrate - Na8(AISiO4)6(OH)2-4H20 - Y: 81.34 % - d x by: 1. - WL: 1.5406 - Cubic - a 8.90300 - b 8.90300 - ¢ 8.90300 - alpha 90.000 - beta 90.000 - ga
[#]00-008-0448 (*) - Thermonatrite, syn - Na2CO3-H20 - Y: 52.05 % - d x by: 1. - WL: 1.5406 - Orthorhombic - a 10.72000 - b 5.24900 - ¢ 6.46900 - alpha 90.000 - beta 90.000 - gamma 90.000 - Primitive - Pca

Hinh H.3: Gidn dé XRD mdu zeolite NgS; gsAH 50
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Faculty of Chemistry, HUS, VNU, D8 ADVANCE-Bruker - Mau Na8S2,0AH450
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AJFile: Nu TpHCM mau N8S2,0AH450.raw - Type: Locked Coupled - Start: 5.000 ° - End: 40.000 ° - Step: 0.020 ° - Step time: 0.8 s - Temp.: 25 °C (Room) - Time Started: 8 s - 2-Theta: 5.000 ° - Theta: 2.500 °
[#]00-008-0448 (*) - Thermonatrite, syn - Na2CO3-H20 - Y: 100.32 % - d x by: 1. - WL: 1.5406 - Orthorhombic - a 10.72000 - b 5.24900 - ¢ 6.46900 - alpha 90.000 - beta 90.000 - gamma 90.000 - Primitive - Pc
[®]00-011-0590 (D) - Sodium Aluminum Silicate Hydrate - (NaAISIO4)12-27H20 - Y: 41.36 % - d x by: 1. - WL: 1.5406 - Cubic - a 12.32000 - b 12.32000 - ¢ 12.32000 - alpha 90.000 - beta 90.000 - gamma 90.0

00-031-1270 (Q) - Sodium Aluminum Silicate Hydrate - 1.0Na20-Al203-1.68Si02-1.73H20 - Y: 59.33 % - d x by: 1. - WL: 1.5406 - Cubic - a 8.98000 - b 8.98000 - ¢ 8.98000 - alpha 90.000 - beta 90.000 - ga

Hinh H.4: Gidn do XRD méu zeolite NgS,AH s
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ElﬂFile: M3ISAH450 Fawy - Type: 2ThiTh locked - Start: 5.000 ° - Enct: 44,990 ° - Step: 0.030 ° - Step time: 0.7 = - Temp.: 25 °C (Room) - 2-Thets: 5.000 ° - Theta: 2.500 °

2-Theta - Scale

[®]31-071-0754 (2] - Sodium Aluminum Silicste - MasISI0H - v 27155 % - d = by: 1. WL 15406 - Cubic - 5 12.28000 - b 12.28000 - ¢ 1228000 - alpha 90.000 - beta 80,000 - gamm:
[#]00-047-0751 (@) - Sodium Aluminum Siicste Hydrste - Ma20-21203-Si02-H20 - ¥: 50050 % - d x by 1. WAL 1 5406 - Tetragonal - 5 9.53000 - b 8.53000 - ¢ 910000 - alphs 90.00C

Hinh H.5: Gidn dé XRD méu zeolite N3S;AH 4
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ElﬂFile: MSSAHASO rave - Type: 2ThiTh locked - Start: 5.000 ° - Enct 44.990 ° - Step: 0,030 ° - Step time: 0.7 £ - Temp.: 25 °C (Room) - 2-Theta: 5.000 ° - Theta: 2.500 °
|E|D1 -071-0784 (&) - Sodium Aluminum Silicate - NaISiod - Y 28531 % - d x by 1.2V 1 5406 - Cubic - a 1228000 - b 1228000 - ¢ 1223000 - alpha 90.000 - beta 90.000 - gamm:
EDD-DS?-DSS? (27 - Sodium Aluminum Silicate Hydrate - Na20-81203-Si02-H20 - %: 91 B3 % - d x by 1. 2L 1 5406 - e POF 1. - S-0 604 % -

Hinh H.6: Gidn dé XRD méu zeolite N5S;AH 4
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ElﬂFile: MTSAH450 ravwy - Type: 2ThiTh locked - Start: 5.000 ° - Endl: 44.990 ° - Step: 0.030 ° - Step time: 0.7 5 - Temp.: 25 °C (Room) - 2-Thets: 5.000 ° - Theta: 2.500 °
|E|D1 -071-0734 (&) - Sodium Sluminum Silicate - NaISiod - Y 28970 % - dx by: 1. -WL 1 5406 - Cubic - 2 1228000 - b 12.28000 - ¢ 12.28000 - alpha 90,000 - beta 90.000 - gamm:
|Z|DD-04?-D?S1 (2] - Sodium Aluminum Silicste Hydrate - Ma20-A1203-Si02-H20 - % 2241 % - d x by: 1. -WL: 1 5406 - Tetragonal - 2 9.53000 - b 953000 - ¢ 910000 - alpha 90.00C

Hinh H.7: Gidn do XRD méu zeolite N;S;AH s
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ElﬂFile: MA0SAHAS0 Fawy - Type: 2ThTh locked - Start: 5.000° - End: 44,990 ° - Step: 0.030 ° - Step time: 0.7 = - Temp.: 25 °C (Room) - 2-Theta: 5.000° - Theta: 2.500 °
[#]01-071-0724 (&) - Sodium Aluminum Silicate - MaAISios - ¥ 350,00 % - d x by: 1. - WL 1.5406 - Cubic - 8 1228000 - b 12.28000 - ¢ 12.28000 - alpha 90.000 - beta 90.000 - gamm:
[m]00-037-0357 (@) - Sodium Aluminum Silicate Hydrate - Na20-A1203-5i02-H20 - ¥: 12513 % - d x by: 1. - WL 1.5406 - ic PDF 1. - S-Q 62.9 % -

Hinh H.8: Gidn do XRD méu zeolite N1S;AH 5,
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ElﬂFile: MISAH430 ey - Type: 2ThiTh locked - Start: 5.000 ° - Endl: 44.990 ° - Step: 0.030 ° - Step time: 0.7 5 - Temp.: 25 °C (Room) - 2-Thets: 5.000 ° - Thets: 2.500 °
[Bl 1, Left Angle: 23,580 ° - Right Angle: 24530 ° - o (Obs. Max): 3.70943 - Max Int.. §9.9 Cps - Met Height: 50.5 Cps - FWHM: 0.231 ° - Chord Mid.: 23.974 °
[Ez Left Angle: 35.330 ° - Right Angle: 36.230 ° - o (Obs. Max) 2.51463 - Max Int.; 21 4 Cps - Met Height: 3.22 Cps - FWHM: 0635 ° - Chord Mid: 35774 °

Hinh H.9: P ban réng ciia mdu zeolite N3S;AH 450
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2-Theta - Scale
ElﬂFile: MESSAHASO Favy - Type: 2ThiTh locked - Start: 5.000 ° - End: 44990 ° - Step: 0.030 ° - Steptime: 0.7 = - Temp.: 25 °C (Room) - 2-Theta: 5000 ° - Theta: 2.500 °
[Bly Left Angle: 23.510° - Right Angle: 24 260 ° - d (Obs. Max): 3.70535 - Max Int.. 181 Cps - Met Height: 158 Cps - FvHM: 01895 ° - Chard Mid : 23996 ©
[Blz Left Angle: 35.300 ° - Right Angle: 35.930 ° - d (Obs. Max): 2.51060 - Max Int.: 34.3 Cps - Met Height: 19.9 Cps - FyvHM: 0.238 ° - Chord Mid : 35.727 °
~
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Hinh H.10: Pg ban rgng ciia mau zeolite N5S; AH s
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2-Theta - Scale

ElﬂFile: MTSAH450 ravwy - Type: 2ThiTh locked - Start: 51000 ° - Enct: 44,990 ° - Step: 0.030 ° - Step time: 0.7 5 - Temp.: 25 °C (Room) - 2-Theta: 5.000 ° - Thets: 2.500 °
[Fln Left Angle: 23.810 ° - Right Angle: 24.230 ° - d (Obs. Max): 3.70317 - Max Irt. 185 Cps - Met Height: 172 Cps - FHM: 0.202 ° - Chord Mid.: 24.011 °
[Bz Left Angle: 35.360 ° - Right Angle: 36.080 ° - d (Obs. Max): 2.50851 - Max Int.: 27.4 Cps - Net Height: 14.6 Cps - FyHM: 0.229 ° - Chord Mid: 35764 °

Hinh H.11: Pé ban rgng ciia mdu zeolite N7S;AH 50
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2-Theta - Scale
ElﬂFile' MA0SAHAS0 ravw - Type: 2ThiTh locked - Start: 5.000 ° - Enck: 44 990 ° - Step: 0.030 ° - Step time: 0.7 = - Temp: 25 °C (Room) - 2-Theta: 5.000 ° - Theta: 2.500 °
[Bly Left Angle: 23720 ° - Right Angle: 24 200 ° - d (Ohs. Max) 3.71048 - Max Int.. 149 Cps - Met Height: 123 Cps - FWHM: 0,213 ° - Chard Mid - 23963 ®
[Blz Left Angle: 35.420 ° - Right Angle: 35.260 ° - d (Ohs. Max) 2.51097 - Max Int. 25.7 Cps - Met Height: 13.2 Cp= - FVWHM: 0.227 ° - Chord Mid: 35729 °
N A A4 A > X -
Hinh H.12: D ban rgng cia mau zeolite N1oS;AH 45
Sodium Aluminum Silicate Hydrate
*
wd
w
w0 g
3 g 5 g &®
R ® @
= 3 = 3
E H ]
E 1 g
E ¥ +
30 —; -
E 3
E it
= K £
E 7
" ,/\,J\/J }l
] Elha T T T

]
@
n
o

30

2>Theta - Scale
ml-_lle: MaA30_crawe - Type: 2ThITh locked - Start: 5000 ¢ - End: 50,000 % - Srep: 0,020 * - Srep time: 025 - Termp.: 25 *C{Room) - Tirme Stared: 85 - 2-Theta: 5000 * - Theta: 2,500 ¢ - Chir 0,00 * - P
[El:: Lef Angle: 6.560 = - Right Angle:s 7 400 * - Left Int.: 2,30 Cos - Right Int.: 0,23 Tps - Chs, Max: 7,128 ° - d (Obs, Max): 12,39223 - Max Int.: 96.4 Cps - Met Height: 95,5 Cps - FWHNM: 0,226 © - char
E Left Angle: 9.230 © - Right Angle: 10,370 * - Left Int.: 4.42 Cps - Right Int: 0,16 Ths - Obs, Max: 10,128 * - d (Sbs, Max): 8.72862 - Max Int.: 57.7 Cps - Met Height: E5.6 <ps - FAIHM: 0.200 © - Tha
[Bl:: LeR Angle: 23.720 * - Right Angle: 24,170 * - Lef Int.: 2.62 Cpz - Right Int.: .98 Cpx - Obz, Max: 23,944 * - d (Obz. Max): 3.71354 - Max Int.: 57.0 Cpz - Met Height: 53,7 Cpz - FWHRM: 0,199 * - Ch
[F]: LeR Angle: 26.210 © - Right Angle: 27,350 © - Laft Int.: 2,90 Cps - Right Int.: 0,11 Cps - Cbs, Max: 27 076 © - d (Chs, Max): 2.29059 - Max Int.: 56.8 Cpx - Met Height: 55.4 Cpz - FWHM: 0222 % - C
[Fl:  LeR Angle: 29.660 © - Right Angle: 30,170 % - Left Int.: 421 Cps - Right Int.: 1,47 Cps - Obs, Max: 29,901 * - d (Obs, Max) @ 2.98586 - Max Int.: 67.6 Cps - Met Height: 64,7 Cps - FWHM: 0,227 * - ch
Cp erations : Srnooth 0,150 | Background 1.000,1.000 | Irp ok
EIUU—UBSVUZCH (% - Sodium Auminum Silicate Hydrate - Ma2A2Si1,8507 7 5. 0H2 SiMa2OAl2 03 1,855iC8 5. 1HRS - ¥ 114,27 %6 - d x by 1, - WL 1,54906 - Cubic - a 12,2000 - b 12,32000 - ¢ 12,32000 -

Hinh H.13: Gidn do XRD ciia mdu NaA90-4-1
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04/13/2012
Quantachrome Instruments
Quantachrome Autosorb Automated Gas Sorption System Report
Autosorb 1 for Windows 1.55
File name: C:\QCdata\PhysData\NU(SP)-ZEOLITEA-12042012.raw
Sample ID: Description:Nu(SP)-ZeoliteA-12042012bot trang min, khong doi mau sau outgas
Comments:
Operator: HLUD-Minh Sample weight: 0.09898 g
Analysis gas: Nitrogen X sect. area: 16.2 A2’molec Non-ideality: 6.58e-05
Adsbate (DRP): Nitrogen Bath Temp.: 77.30
Outgas Temp: 90.0 °C Outgas Time: 2.0 hrs Analysis Time: ~ 109.9 min
P/Po tolerance: 0 Equil. time: 1 End of run: 04/12/2012 16:42
Station #: 1 PC sw. version: 1.55 TempComp: Off
MULTIPOINT BET
Volume
[cclg] STP 1/(W((Po/P)-1))
5.2160e-02 0.3992 1.103E+02
7.7781e-02 0.4750 1.421E+02
1.0279e-01 0.5253 1.745E+02
1.5253e-01 0.6086 2.366E+02
2.0243e-01 0.6821 2.977E+02
2.5236e-01 0.7325 3.687E+02
3.0225e-01 0.7783 4.453E+02
Area = 2.560E+00 m3/g
Slope = 1.322E+03
Y - Intercept = 3.781E+01
Correlation Coefficient = 0.999167
C= 3.598E+01

Hinh H.14: Két quad do BET méu zeolite NgS;AH 450
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Hinh H.15: Phé UV-VIS cia ddy dung dich metylen xanh
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Hinh H.16: Phé UV-VIS khdo sat dnh hwéng thoi gian dén khd néng hap phu cia

silica tro trau
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Hinh H.17: Phé UV-VIS khdo sat dnh hwéng ciia pH dén kha néng hap phu cia

silica tro trau
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Hinh H.18: Phé UV-VIS khdo sat dnh hwéng ciia khéi lwong tro dén kha néng hap

phu ciia silica tro trau
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Hinh H.19: Phé UV-VIS khdo sat dnh hwéng thoi gian dén kha néng hap phu cia

zeolite NaA
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Hinh H.20: Phé UV-VIS khdo sat dnh hwéng ciia pH dén kha néing hép phu

cua zeolite NaA

Khoa luan tét nghiép



GVHD: TS. Phan Th; Hoang Oanh SVTH: Hoang Thi Ngoc Niz

LELP i R
026 |
024 |
022 |

Wm=01¢g

0:20 |

015 | W m=025¢

016

B m=04g
014 |

012 | W m=05¢g
010 |
W m=06¢g
00z |
006 |
0,04

ooz |

0000

s00.0 520 540 =60 580 =101 g20 B40 BEO B30 Foo.0
nm

Hinh H.21: Phé UV-VIS khdo sat dnh hwéng ciia khoi lrong zeolite dén khd ning
hdp phu cia zeolite NaA
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