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DPANH GIA KHA NANG TONG HQP ZEOLITE A
_ TUTROBAY NHA MAY NHIET BPIEN THAN
BANG PHUONG PHAP THUY NHIET HO TRQ SIEU AM

Lé Vin Tam"", Nguyén Thi Triic Phuong’, Nguyén Quang Long’,
Pham Quoc Nghiépl, Pham Hong Nhé,tl

Tém tit: Zeolite A 1a mét trong so nhiing zeolite néi tiéng diroc tong hop tir tro bay
nhiét dién than cé nhiéu ing dung trong cong nghiép nhu phu gia trong bt gidt, hap phu,
lam sqch ao nudi, x ly kim logi nang, NH,*, hat am, ray phan ti, v.v. Siéu dm dau do &
tan so thap 20 kHz cd thé thay thé hiéu qud cdc phwong phdp hoa tan tro bay khdc, ciing
nhw ¢é thé hé tro hiéu quda qué trinh két tinh tinh thé zeolite A trong giai dogn thuiy nhiét.
Piéu kién thiy nhiét >85 °C, ty ¢ SiO,/Al,O; trong dung dich xdp xi 1 phi hep dé tong
hop zeolite A. Thoi gian thiy nhiét kéo dai dén 6 h sé tao nén cac hydroxysodalite, 1am
giam hiéu quda tong hop zeolite A. Cac thi nghiém khdo sdt so' bg burde dau cho thdy trién
Vong ciia phwong phdp ndy trong tong hop zeolite A ¢6 d¢ tinh khiét cao, tiét kiém nang
luong Voi quy trinh don gian.

Tu khoa: Tro bay; Zeolite; Nhiét dién; Siéu am.
1. PAT VAN PE

Zeolite A la mot trong nhiing loai zeolite ndi tiéng duoc tong hop tir tro bay nhiét dién than,
bén canh céc zeolite X, Y, P, Na-P1. Zeolite A c6 nhiéu tng dung trong cong nghiép nhu phu gia
trong bot gidt, hap phy, 1am sach ao nuéi, xtr ly kim loai nang, NH,*, hat am, ray phan tu, v.v
nho vao cau triic mao quan va kha nang hip phu, trao d6i ion cua ching [1].

Cac loai zeolite tur tro bay c6 thé tong hop duoc bang cac phuong phép khéc nhau, chang han
nhu thiy nhiét, nung chay bang xut két hop thiy nhiét, phuong phap mudi néng chdy, phuong
phap hd tro vi séng. Trong d6, phuong phap nung chay tro bay bang xdt rin theo sau 1 thay
nhiét dugc xem 1a phuong phap manh mé nhat dé tong hop zeolite, giup trich duoc Si, Al khong
nhitng ¢ dang v6 dinh hinh ma ca ¢ dang tinh thé. Tuy nhién, phuong phap nay doi hoi tiéu ton
nhiéu nang luong va do do, c¢6 18 khong c6 hiéu qua kinh té khi trién khai & quy mé cong nghiép.
Ngay nay, siéu 4m dang dugc danh gia 1a phuong phap day htra hen gitp thay thé phuong phap
nung chay bang xut, déng thai rat ngan thoi gian va nhiét do thay nhiét [4-6, 10, 11].

Siéu 4m d3 duoc nghién ciu sir dung & nhiu cong doan: 1) thay thé budc nung chay tro bay
v6i NaOH rén, 2) siéu am sau budc nung chay tro bay véi NaOH rén, 3) siéu am trong giai doan
thity nhiét. Siéu am gitp hoa tan hiéu qua thanh phan v dinh hinh trong tro bay nhung khong
tan duoc tinh thé (quartz va dac biét 1a mullite) [9-12]. Tongyao Ju, 2020 [10] trong diéu kién co
hé tro siéu &m 20 kHz voi cong suat 720 W giap tang hi¢u qua trich ¢ 110 °C tir 34, 96% Ién
54,42% trong thoi gian 70 phut. Day ciing la hi¢u suét trich tdi da cho dén thoi diém nay néu xét
dén thoi gian trich ngén va khong c6 budc nung chay véi NaOH ran phia truge. Khi ¢d siéu am,
hiéu qua trich tang 1én 13 rét.

Céc nghién ctru gan day sir dung siéu am dang dau do ¢ 20 kHz thay thé cho dang bé véi tan
s6 cao (35-47 kHz, 2 MHz) khéng hiéu qua vé mit nang luong. Str dung siéu am dang dau do &
20 kHz lién tuc (trong kha ning van hanh cho phép cua thiét bi) vai thoi gian siéu &m cé thé kéo
dai dén 70 phut rat dang duoc quan tim dé nghién cau hiéu qua trich Si, Al tir tro bay. Kha ning
tai sir dung lai tro bay sau siéu 4m ciing 1a mot hudng c6 thé nghién ciru sau hon. Bén canh do,
phan ran sau khi trich Si, Al ciing c6 thé tan dung tao geopolymer nham dat dwoc muc tiéu khong
phat thai [11].

Siéu &m giup 1am giau Si, Al trong dung dich, tao nhan két tinh va tang sy tiép x(c, tao diéu
kién thuan lgi cho qua trinh két tinh thay nhiét giai doan sau, do dé, rdt ngan thoi gian thay nhiét
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Va tao ra zeolite c6 kich thudc tinh thé nho hon [2-4, 6, 12]. Céc nghién ciru déu cho thay siéu
am thuc day qua trinh két tinh nhung nhiét do két tinh 1a yéu t6 quyét dinh. Claudia Belviso,
2011 & Claudia Belviso, 2013 [2, 3] ciing cho thay nhiét do két tinh thap hon thi tao ra hat c6
kich ¢& 16n hon. Nhiét do thay nhiét <85 °C doi hoi thoi gian tong hop kéo dai (6 h dén vai
ngay). Diéu kién thay nhiét toi wu cho zeolite khi c6 siéu am vé6i nhiét d6 tir 85-100 °C, thoi gian
tir 40 phut dén 2 h [7-9, 13, 14]. Thoi gian thuy nhiét qua lau c6 thé la nguyén nhan tao ra cac
zeolite khéng mong muén [12].

Trong nghién ctu ndy, qué trinh thuy nhiét két hop siéu &m dang dau do 20 kHz duoc st
dung dé tong hop zeolite A tir tro bay lay tir Nha may nhiét dién Duyén Hai. Nghién ciu di khao
sat so b cac yéu té anh huong cua quy trinh tong hop zeolite sir dung phuwong phap nung chay
v6i NaOH rin va phuong phap hoa tan tro trong dung dich NaOH, nhim so bd danh gia kha
ning sir dung siéu &m thay thé budc nung chay tro bay va diéu kién thay nhiét phii hop dé tong
hop zeolite A.

2. VAT LIEU VA PHUONG PHAP

2.1. Vit li¢u va thiét bi
Tro bay duoc lay ngay tai silo chtra tro bay ciia Nha may nhiét dién Duyén Hai, trude khi dwa
ra bai chira. Tro bay tir qua trinh d6t hdn hop cac loai than bitum va sub-bitum c¢6 ham luong
Si0, + Al,05 + Fe,0;>70% nén 1a tro bay loai F. Bang 1 cho thay ty 1& SiO,/Al,O; trong tro bay
khoang 2,16, kha pht hop tong hop zeolite A. Sodium aluminate dugc sir dung dé bo sung Al
nham diéu chinh ty 1& SiO,/Al,0; trong dung dich trudc khi thuy nhiét. Nudc tinh khiét duoc sir
dung dé tao dung dich hoa tan Si, Al trong tro bay. Cac héa chét dugc sir dung ma khong can xu
ly thém. Nghién ciu st dung thiét bi siéu &m dau do cé tan sé 20 kHz c6 cong suit 500 W
(VCX-500) va 1500 W (VCX 1500 HV2-220).
Bing 1. Thanh phan héa hoc tro bay NMNP Duyén Hai.

Chemical Composition Content (Wt%)

SiO; 55,8
Al,O3 25,8
Fe,O4 7,4
MgO 1,3
CaO 11
SO; 0,1
K,0 4,3
Nazo 0,4
TiO; 0,8
C <3

Total 100

@ (b)
Hinh 1. Vit ligu va thiét b; thi nghiém: (a) Tro bay qua ray 50 um; (b) M6 hinh thi nghiém.
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2.2. Phuwong phap phéan tich/do dac

Xac dinh cu trdc tinh the, thanh phan khoang trong zeolite bang XRD (phuong phép nhiéu
Xa tia X/X?ray diffraction) st dung thiét bi Model D2 Phaser, hiang Bruker, Buc. Xac dinh ham
luong Si bang thi€t bi UV-vis 1800 cua Shimadzu theo phuong phap US EPA method 366. Xac
dinh ham lugng KLN va Al bang ICP-MS theo phuong phap SME W W: 3125B: 2017.

2.3. Phuong phip tong hop

Tro bay duoc sang qua ray 50 um dé tach than chua chay va céc chit can ra khoi khoang
alumino-silicate. Zeolite A dugc tong hop sir dung 03 quy trinh tong hop khac nhau (i) Quy trinh
thay nhiét truyén thong cé budc nung chay véi NaOH ran trude do, (ii) Quy trinh thity nhiét két
hop siéu am, (iii) Quy trinh thuy nhiét s dung siéu am thay thé bude nung chay. O quy trinh dau
tién, tro bay duoc tron voi NaOH rin theo ty 18 1: 1,12, sau d6 nung chay & nhiét d6 550 °C trong
2 h. Tro bay sau nung dugc dé ngudi, sau d6 hoa voi nude tinh khiét va tién hanh khudy tron
trong 2 h d hoa tan tro bay. Al,(SO,); duoc bd sung vao dung dich dé didu chinh ty 18
Si0,/Al, 05 trong dung dich vé khoang 1,926. Dung dich sau d6 c¢6 thé dwoc cho gia héa & nhiét
d6 phong truge khi thity nhiét két hop siéu am hoac c6 thé tién hanh ngay budc thuy nhiét két
hop siéu am. Dung dich duogc thay nhiét két hop siéu am ¢ 90 °C trong 1 h, 2 h véi cong suat
siéu am 250 W. O quy trinh thi hai, tro bay dwoc tron véi NaOH rén theo ty 16 1: 1,12, sau d6
cho hoa tan trong nuéc & 100 °C, 6 h nham trich Si, Al. Al(SO4); dwoc bd sung vao dung dich
dé diéu chinh ty I& SiO./Al,O; trong dung dich vé khoang 1,926 va tién hanh siéu am thity nhiét
két hop siéu am & 90 °C trong 1 h vai cong suat siéu &m 250 W. O quy trinh thir ba, tro bay sau
ray duoc tron vao dung dich NaOH 4M va tién hanh siéu &m & 90 °C trong 45 phit & cong suit
1005 W. Dung dich sau siéu am duoc loc dé 1y phan dich trong. Dung dich qua loc duoc cham
thém dung dich NaAlO, dé dé diéu chinh ty 1& SiO,/Al,O; trong dung dich vé khoang 1,1. Hon
hop duoc khuay bang may khudy tir trong khoang 15 phiit dé cac thanh phan phan tan déu vao
nhau. Qua trinh siéu 4m duoc tién hanh trong diéu kién 510 W, 45 phat va giir nhiét d6 dung
dich dao dong trong khoang 90-95 °C. C4c miu sau siéu 4m duoc dem di thuy nhiét voi cac didu
kién khac nhau: 80 °C, 6 h (M1); 100 °C, 1 h (M2); 100 °C, 6 h (M3). Hdn hop rin sau két tinh
dugc loc, rira va siy kho, dem di phan tich XRD dé xac dinh cdu trdc tinh thé, thanh phan
khoang trong zeolite.

3. KET QUA VA THAO LUAN

3.1. Két qua tong hop zeolite
Cac mau FA1-90- 1H, FA1-A-90-1H, FA1-A-90-2H & quy trinh tong hop dau tién (hinh 2)
déu chua xuét hién ciu tric tinh thé zeolite. Két qua do XRD ciia mau tong hop theo quy trinh

thir hai dugc thé hién ¢ hinh 3. XRD cua mau FA2 & quy trinh tong hop nay da xuét hién tinh thé
nhung d¢ tinh khiét con thap.
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Hinh 2. Gidn do XRD ciia zeolite tong hop theo quy trinh thuy nhiét truyé:n~th6'ng c6 budc nung
chay voi NaOH ran (a) mau FA1-90-1H, (b) mau FA1-A-90-1H, (c) mau FA1-A-90-2H.
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Hinh 3. Gidn do XRD ciia zeolite tong hop theo quy trinh thiy nhiét két hop siéu am.

Cac mau tong hop theo quy trinh thir ba cho thdy sy xuét hién cua tinh the zeolite A rat G
rang véi do tinh khiét cao hon.

I'Iydrpxy —— M1 _80 6h
sodalite —— M2 100 1h
/ M3 100 6h
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Hinh 4. Gidan d6 XRD ciia zeolite tong hop theo quy trinh thiy nhiét
sir dung siéu am thay thé buéc nung chay.

3.2. Panh gia kha nang hoa tan tro bay

Gian d6 XRD tai cd&c mau & hinh 2 cho thdy ving rdng 16n giita 20° va 40° 20 cho thiy mot
lwong 16n Si, Al & dang v6 dinh hinh van chua tan hét vao trong dung dich [5, 7]. XRD caa mau
FA2 (hinh 3) cho thay van con tro bay ¢ dang vo dinh hinh chua tan hét nhung it hon rat nhiéu.
Diéu nay cho thiy phuong phéap hoa tan tro bay trong dung dich kiém & diéu kién 100 °C, 6 h
cling cho hiéu qua trich tdt. Trong khi d6, hiéu qua trich cia phuong phap nung chay véi NaOH
ran can dugc nghién ciru thém dé c6 danh gia chinh xac va day da hon & nhiing thi nghiém sau.
Céc mau M1, M2, M3 ¢ hinh 4 cho thdy su xuét hién cua tinh thé zeolite A rat rd rang véi do
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tinh khiét cao cho thiy hiéu qua cua phuong phap hoa tan tro bay trong dung dich kiém trong
diéu kién c6 hd tro siéu am 90 °C, 45 phit, 1005 W. Tuy nhién, budc loc dung dich truée khi
thay nhiét ciing gop phan tao nén zeolite c6 do tinh khiét rat cao, c6 thé 1én dén 97-100% [8, 11].
3.3. Panh gi4 kha niing két tinh zeolite A

Zeolite A tong hop theo quy trinh dau tién va quy trinh thit hai chua tao thanh tinh thé hoac
¢6 nhung do tinh khiét thap (hinh 2, 3). Nguyén nhan chu yéu do qua trinh hoa tan tro bay chua
hiéu qua, phan 16n Si, Al van con nam trong tro bay ¢ dang vo dinh hinh va dang tinh thé. Bén
canh d0, ty ¢ SiO,/Al, O3 trong dung dich cao cling 1a nguyén nhan khong tao duoc zeolite A.
Nguoc lai, cac mau M1, M2, M3 (hinh 4) tong hop duoc zeolite A ¢ dd tinh khiét cao cho thiy
hiéu qua cua phuong phap siéu am dang dau do ¢ tan so thap 20 kHz, day 1a tan sé cho hiéu qua
nang luong rat cao [10, 11, 13, 14]. Tuy nhién, thuy nhiét ¢ nhi¢t do cao (100 °C), trong thai gian
kéo dai (6 h), mau M3 di cho thdy cd su xuat hién peak cua hydroxysodalite, mot loai zeolite 6
kha ning trao doi ion thap, 1a san pham khong mong muén. Diéu nay ciing phu hop Véi cac
nghién ctru trude day [12, 14].

4. KET LUAN

Zeolite A tir tro bay nha may nhiét dién than da duoc téng hop thanh cong véi do tinh khiét
cao, bude dau cho thay trién vong cua phuong phap thuy nhiét két hop siéu &m tao ra zeolite A
¢6 d6 tinh khiét cao, tiét kiém niang lwong véi quy trinh don gian. Siéu 4m dau do & tan sé thap
20 kHz c6 thé thay thé hiéu qua cac phuong phap hoa tan tro bay khac, ciing nhu c6 thé hd trg
hiéu qua quéa trinh két tinh tinh thé zeolite A trong giai doan thuy nhiét. Thoi gian thiyy nhiét kéo
dai dén 6 h s& tao nén cac hydroxysodalite, 1am giam hiéu qua téng hop zeolite A. Cac nghién
ctru trong thoi gian t6i s& tap trung khao sat cac yéu td anh hudng nhu ndng d6 dung dich NaOH,
ty 1€ tro bay/dung dich NaOH, thoi gian phan (ng, mhiét d6 dung dich khi hoa tan, cuong do
siéu am, thoi gian siéu am, ... dén kha nang trich Si, Al va kha nang tong hop zeolite A.
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ABSTRACT

ASSESSMENT OF POSSIBILITY TO SYNTHESIZE ZEOLITE A FROM COAL FLY ASH
USING ULTRASONIC-ASSISTED HYDROTHERMAL METHOD

Zeolite A is one of the most famous zeolite types synthesized from coal-fired fly ash
with many industrial applications such as an additive in washing powder, adsorption,
pond cleaning, treatment of heavy metals, NH,", desiccation, molecular sieve, etc. 20 kHz-
low-frequency ultrasound can effectively replace other fly ash dissolution methods, as well
as can effectively support crystallization of zeolite A crystals in a hydrothermal stage.
Hydrothermal conditions with temperature >85 °C, SiO./Al,O; ratio in the solution of
approximately 1 are suitable for synthesizing zeolite A. Hydrothermal time lasting up to 6
hours will produce hydroxy sodalite, reducing the efficiency of zeolite A synthesis.
Preliminary experiments initially revealed the promising method in synthesizing high-
purity, energy-saving zeolite A with a simple process.

Keywords: Fly ash; Zeolite; Thermal power; Ultrasound.
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