MO DAU

Khi thién nhién va khi dau mé, ngoai viéc ding lam nhién liéu dé dot sinh
nhiét, nhién liéu cho phuong tién giao thdng van tai, dung cho cac nha may dién,
con 1a nguyén liéu quan trong dé tong hop cac san pham cé gia tri kinh té cao (vi
du nhu metanol, amoniac, axetylen, ...). Khi thién nhién sau khi khai thac, ngoai
cac hydrocacbon nhe, buyi, hoi nudc, khi tro con c6 mét lwgng nhat dinh céc hop
chat chta luu huynh (H,S, RSH, COS, CS,, ...). Pay la nhitng tap chat khdng
mong mudn (c4c tap chat cd tinh axit). CAc tap chat nay c6 thé gay nén céc hién
tugng an mon trong cac trang thiét bj céng nghé c6 dong khi nay di qua, gy ngd
doc xuc tac vai cac qua trinh hoa dau. Qua trinh dn mon nay sé nhanh chong lam
niat v& cac thanh bé phan ng cua cac trang thiét bi, 1am ding day chuyén cong
nghé san xuat, hay 1dam mét nhanh hoat tinh xuc tac va dé dé, c6 thé gy ra cac hau
qua nang né vé mit kinh té. Bén canh d6, cac khi chira c4c tap chat luu huynh con
gay hai dén stic khoe con nguoi: mot lwong nho tap chat caa H,S ¢6 thé 1am cho
ngat hay gay tir vong.

C4c tap chat luu huynh, dic biét 1a khi H,S, ngoai sy c6 mat trong cac mo khi
tu nhién va khi déng hanh, cac khi nay con cé trong cac dong khi thai di tir cac
cong nghé sinh hoc xir ly ba thai (dich hém) cua nha may san xuat etanol, mot
nganh céng nghiép nhién liéu ning luong tai tao dang duoc quan tdm phat trién
manh trén thé gidi ciing nhu ¢ Viét Nam. Mic du phu thudc nhiéu vao gia nhién
licu hoa thach truyén théng ciing nhu céc chinh sach hd trg ban dau can thiét, dan
thay thé cac nhién liéu hoa thach bang céc nhién liéu mai, tai tao, khong gay 6
nhidm van 1a xu thé tit yéu. Qua trinh cdng nghé san xuét etanol cong nghiép nay
di kém véi sy phét thai ra mot luong 16n cac khi thai c6 chira cac khi tap chat doc

hai trong d6 c6 H,S.



Trudc yéu cau thuc tién noi trén, xu ly cac tap chat luu huynh (H,S va COS
trong khi dau mé hay H,S trong khi thai dich hém) Ia cac yéu cau bét buc. Trong
nganh céng nghiép nhién liéu hoa thach truyén thdng, da c6 rat nhiéu cac cong
nghé xir 1y khi chua di duoc dua ra theo nhiéu céch tiép can khac nhau: (i) phuong
phap hip thu hoa hoc (chat hip thu léng duoc dung thuong 1a NaOH, KOH,
cacbonat kim loai kiém hoic alkanolamin ), (ii) phuwong phap hap thu vat ly (sir
dung dung méi hitru co: propylen cacbonat, dimetyl ete polyetylenglycol, N-metyl
pyrolidon, ...), (iii) phwong phap hap thu héa ly (dung mdi hdn hop nhu bao gom
Sunfolan C,HgSO,, diisopropanolamin (DIPA) va nudc, hay hdén hop cua
metyldietanolamin, cac alkyl ete cua polyetylenglycol va nudc). Cac phuong phap
trén déu c6 cac uu nhuoc diém riéng. Tuy nhién, cac cong nghé trén déu chi xu Iy
dugc ham luong luu huynh dén ngudng 100ppm. Bé c6 thé dam bao xi 1y luu
huynh & muc sau hon, cong nghé hap thu hoa hoc pha rin da duoc phét trién.
Trong d6, chat hap thu duoc sir dung chu yéu 1a oxit kém, ZnO. Viéc sir dung oxit
ZnO lam chét hap thu luu huynh c6 thé cho phép ham luwong luu huynh sau xu ly
dat nguong 1 ppm.

Trudc nhu cau rat 16n vé cong nghé xir 1y luu huynh trong nganh céng nghiép
loc hda dau truyén théng cling nhu cic van dé vé moi trudng trong nganh cong
nghiép nhién liéu tai tao, trén co sé cac danh gia uvu nhuoc diém cac cong nghé da
va dang duoc phét trién, luan &n sé tap trung nghién ctu vat lidu hip thu luu huynh
trén co s oxit k&m, ZnO. Cac oxit ZnO thuwong mai hién dang st dung co dang
kich thudc hat micro va cé thanh phan cha yéu 1a ZnO (d6 tinh khiét c6 thé dat
99%). Bé cai thién dung lugng hap thu luu huynh caa oxit ZnO, ndi dung luan &n
s& duy kién phat trién trén cac y tuong sau:

- Nghién ciru tong hop va danh gia kha ning hap thu lwu huynh cua oxit

ZnO c¢6 kich ¢& nano, c6 dién tich bé mt riéng 16n.



- Nghién ctu bién tinh oxit ZnO bang cac chat xdc tién nhu oxit Al,Os,
CuO, Fe,0s, nham ting cuong kha ning hap thu lwu hiynh.

- Bién tinh bé mat vat liéu hap thu ZnO micro bing cac vat liéu ZnO nano
hay composit ciia oxit ZnO nano véi cac chét xdc tién.

- Nghién ctu mang pha oxit ZnO bién tinh 1&n chit nén monolit.

- Khao sét kha nang hap thu luu huynh, d6 bén co hoc cua cac hé vat liéu
thu dugc nham budc dau dua ra cac danh gia so bo kha nang tng dung
trong thyc tién caa vat liéu composit trén co s oxit ZnO di téng hop; két
qua du kién vé kha ning hap thu luu huynh cia vat liéu nghién ctu dat

ngudng xir Iy H,S toi khoang nong do 0,1-0,2ppm.

V6i dinh hudng ndi dung nghién ctru nhu trén, luan an s€ co cac dong gop
trong nghién ctru co ban vé vt lidu hap thu lvu huynh trén co sé oxit ZnO. Ngoai
ra, tir cac két qua budc dau thu duoc trén hé vat lidu composit trén co s& ZnO
mang trén nén gém monolit, noi dung luan an s& gop phan timg budc phat trién kha
nang “ndi dia hoa”, lam chu cong nghé hap thu luu huynh bang oxit ZnO, vat liéu

hién phai nhap ngoai va c6 nhu cau rat I6n ¢ nudc ta.



CHUONG 1: TONG QUAN

1.1.Gi6i thiéu chung vé hydrosunfua (H,S) va carbonyl sunfua (COS)
1.1.1. Tinh chat vat ly
O diéu kién thuong, hydrosunfua (H,S) va carbonyl sunfua (COS) la céc
chat khi khéng mau, ning hon khong khi, c6 mui kho chiu. Tinh chat hoa ly co ban
cua hydrosunfua va carbonyl sunfua duoc trinh bay trong bang 1.1.
Bang 1.1. C4c tinh chat hoa ly co ban ciia H,S va COS

STT Tinh chat COS H,S
1 | Khéi luong phan tir, g/mol 60,075 34,082
2 | Khéi lugng riéng, g/l 2,51 1,5392
3 | Nhiét d¢ s6i, °C - 50,2 - 60,28
. . pKa1 = 6,89
4 Hang so axit
pKaZ =19+2
Do tan trong nudc tai 40°C,
5 0,25

g/100ml nudc

COS chay dé dang va tao thanh hdn hop no vai oxy. COS gap nuéc dé dang
bi thary phan thanh khi H,S va CO,. H,S tan it trong nuéc, tan nhiéu trong etanol.
Khéc voi nuéc, H,S khong tao duoc lién két hydro bén viing, do vay o diéu kién
thuong no ton tai ¢ trang thai khi. Gioi han chay né cua h dn hop H,S — khdng khi
nam trong khoang thanh phan tir 4,5 - 45%.

H,S 14 chat khi linh dong, c¢6 kha niang gay an mon manh, nhat 1a khi c¢6 hoi
am (dn mon hydrosunfua). Khi tan trong nudc, né tao thanh dung dich axity éu,

dung dich axit nay c6 thé gdy an mon chAm diém véi su c6 mat caa O, hoic CO,.



Cac mudi sunfua hau hét déu khong tan trong nude , tro mudi cua cac kim
loai kiém, kiém tho va mudi amoni.
1.1.2. Anh hwéng ciia COS va H,S t6i méi trudmg sdng va cac qua trinh cong
nghiép
L1.2.1. Anh hwong ciia COS va H,S t6i moi truong song
Khi COS c6 mit trong nguyén liéu bi thily phan dé dang thanh khi H,S

(theo phan tng: COS + H,0 — CO, + H,S). Khi H,S la mét chat khi rat doc, co ai
luc cao v6i nhiéu kim loai dic biét co thé két hop voi ion Fe 2 trong mau ngu:bi tao
ra FeS co mau den . H,S o nong d6 cao gay té liét than kinh khuu giac , khéng
nhung thé néu nong d6 kh oang 1,2 mg/lit khong khi s& gay chét ngudi ngay lap
tire, & ndng do nho hon co thé dan dén hon mé sau . Tuy nhién, do H,S 1a khi c6
mui ddc trung (mui trimg ung) Nén ta it bi dau doc boi H,S mot phan vi mui cua no
deé phét hién. Mat khac, vi trong ty nhién sdt co mit phé bién trong dat va nudc &
dang két tia FeS mau den (bun cua cac ao, ho thdm chi nudc cia mot sb song,
bién), nho qua trinh ho hip sunfat cua cac vi khuan phén giai chat huu co tu xac
dong thuc vat tron g moi truong k y khi, giai phong ra cac khi doc hai nhu H,S,
Mmecaptan,... trong moi truong nudc, lam cho cac loai dong vat nhu tdom cd, cung
hé thuc vat nude bi hity diét. Pong thoi day ciing 1a ngudn gbc 1ay lan dich bénh
theo duong nudc.
1.1.2.2. Anh hwéng ciia COS va H,S dén cdc qud trinh cong nghiép

Cac ngudn nguyén liéu st dung trong cac qué trinh cong nghiép ludn chira
mét lwong nhat dinh cac hop chat cua luu huynh. Luu huynh thuong ton tai duéi
dang céc hop chat hop chat dialkylsunfua, carbonylsunfua, ... Khi dét chay hoic
thuy phan s€ giai phong khi H,S.

Trong c6ng nghiép chi can su c6 mat cua H,S véi ham lugng nho ciing gay
nén nhitng ton hai I6n. Do vay, viéc tach loai hydrosunfua trong cac dong khi

khong chi phat sinh tir cac doi hoi vé sic khoe nguoi lao dong, ma con 1a yéu cau



bat budc ctia qua trinh san xuat [1]. Ngoai ra, cac hop chat cua leu huynh sau tach
loai ciing c6 gia tri kinh té. Theo dit liéu cia USGS, & M¥, luu huynh thu dugc qua
xt Iy khi thai cac nha may chiém khoang 15% tong luong luu huynh san xuat.
Duéi day trinh bay mét sé anh huéng cua H,S dén mot sé qué trinh céng nghiép
dién hinh trong cdng nghé loc, hda dau.

+ An mon do khi H,S dm gay ra trong cac phan xueéng loc dau [2]

H,S am c6 kha nang gay anh huéng nghiém trong dén nhiéu thiét bi va qua
trinh xu ly trong nha may loc dau do gay ra céc hién tuong an mon nhu: hién tugng
phong, hién tuong an mon do tham thau hydro (HIC), hién tugng dn mon diém bai
H,S (SOHIC) va hién tugng an mon do sunfit (SSC). Céc sb liéu da ghi nhan cac
hién tuong an mon SSC, HIC tai cac thap loai butan, thap cat nudc chua, hé théng
tai sinh amin, hay qua trinh hap thu hydro cua cac thiét bj thép cacbon la két qua
ctia sy an mon do mudi bisunfit (SSC) cé trong dong thai cua cac binh ngung trong
qua trinh xir Iy H,, céc thiét bi hydrocracking trong cac nha may loc dau va trong
cac hé théng trén dinh cot chung cat cua céc thiét bi xu 1y.

+ Anh hwong cua H,S @én qué trinh steam reforming metan si dung xdc tac
Ni/CeO, va Ni/ Al,O4[3]

Sy c6 mat cia H,S s& han ché téc do phan ung steam reforming trén ca 2 loai
xuc tac nay, dan toi lam giam luong H, sinh ra. Véi su ¢6 mat caa H,S ¢ nong do 2
— 10 ppm, téc d6 phan wng bi giam dot ngot. Viéc khao sat anh huong cua p suat
riéng phan caa H,S 1én qua trinh steam reforming metan cho thay tc do phan ung
steam reforming giam khi &p suat riéng phan ciia H,S ting.

1.1.3. C4c ngudn phat sinh H,S
1.1.3.1. Trong thién nhién
H,S 1a do cac chat hitu co, rau co thdi rira ma thanh, dic biét 1a ¢ noi nuéc

can,bd bién va séng hd ndng can, cac vét nit nui lira, & cac sudi, cong ranh, ham 10



khai thac than. U6c luong tir mat bién phat ra khoang 30 triéu tan H,S méi nam, va
tir mit dat phat ra khoang 60-50 triéu tin mdi nam.
1.1.3.2. Trong s@n xudt céng nghiép

H,S sinh ra la do qua trinh sir dung nhién liéu c6 chira lvu huynh. Udc lugng
khi H,S sinh ra tir san xuat cong nghiép 1 3 triéu tin méi nam.Trong céng nghiép,
H,S duoc phat hién véi ndong d6 cao trong khi thai ciia cac nha may. N6 co thé
duoc tao ra khi luu huynh hoac céc hop chat chira luu huynh tiép x(c véi cac chat
httu co ¢ nhiét do cao.
+ H,S trong khi tir nhién va khi dong hanh

Khi tu nhién d3 qua qué trinh xtr Iy va dén tay ngudi sir dung cé thanh phan
don gian hon rat nhiéu so véi khi tu nhién moi khai thac. Khéng phu thuoc vao
ngudn khai thac, cac khi ty nhién khi dugc tach khoi dau (néu nhu ¢6) ngoai thanh
phan chu yéu 1a metan con chira thém cac hydrocarbon khac nhu: etan, propan,
butan va pentan. Ngoai ra, khi tu nhién con chira hoi nudc, khi tro, cac hop chat
chtra Ivu huynh, hydro sunfua H,S, mercaptan RSH, COS, cacbon disunfua CS; ...
Sau qué trinh hydro héa, do su két hop véi hydro, s& thu duoc hdn hop chi gom
H,S va COS. Ham luong luu huynh trong khi thién nhién va khi ddu mo twong d6i
thap, khoang 100 ppm — 500 ppm. Néu ham lugng H,S trong khi 1é6n hon 5,7
mg/m® thi khi nay du oc goi 14 khi chua . Bang 1.2 gi6i thiéu thanh phan khi thién

nhién & mot s mo dau khi & Viét Nam [4]



Bang 1.2. Thanh phan khi thién nhién & mét sé mé dau khi ¢ Viét Nam
(%TT)

Cau tir | M6 Rong | Mé Lan Tay | Mé Lan Pé

C, 84,47 88,5 93,9
C, 7,22 43 2,3
Cs 3,46 2,4 0,5
C, 1,7 0,6 0,1
Cs 1,3 1,4 0,2
N, 1,49 0,3 1,6
CO, 0 1,9 1,2
H,S 0 1,0 0

Do anh hudng 16n ciia cac loai khi nay d6i véi thiét bi va moi trudng, cac quy
dinh vé ham luong tdi thiéu cua chiing ngay cang troé nén khit khe, vi du: CHLB
Nga quy dinh ham luong téi thiéu cua H,S 1a 22mg/m® (~15ppm) hay cia My la
5.7mg/m® (~ 4 ppm). Tir s6 lidu bang 1.2 c6 thé thay ham luong H,S & mo Lan Tay
la kha cao [5]. Viéc giam thiéu téi da ham luong H.,S trong khi mo 1a diéu bat
budc.

+ Cdc hop chdt chira lieu huynh phdt th di tir khi xa tir mét s6 qué trinh céng nghé
chuyén héa sinh khoi.

Hi¢n nay, cac nha may san xudt etanol nhién liéu d3 hoat dong hoac dang
trong giai doan dau tu xay dung tai Viét Nam phan 16n déu sir dung ngudn nguyén
lidu sin 1at va sir dung cong nghé 1én men dé chuyén hoa tinh bot san thanh etanol.
Qua trinh xir Iy dich hém trong bé ky khi dé chuyén hoa phan 16n cac chat hitu co
thanh khi sinh hoc, trong d6 c6 NH3, H,S, VOCs,.... Céc chit khi nay phat thai va

gay ra nhirng mui hoéi thoi kho chiu, anh huong xau dén moi truong.



1.2. Cac phwong phap-cdng nghé xiwr ly khi H,S va COS [4, 6, 7]

Hién nay, dé loai bo khi H,S va COS ra khoi khi tu nhién va khi ¢dng hanh
ngudi ta su dung cac phuong phap sau:

- Phuong phap hap thu héa hoc: Dya trén ¢ s& phan tng hoa hoc gi ira H,S
véi chét hap thu.

- Phuong phap h ap thu vat Iy: Thuc hién nho kha nang khuéch tan ¢ ua H,S
vao trong cac chat hap thu.

- Phuong phap két hop giita h 4p thu hoa hoc va hip thu vat 1y (phuong phap
hap thu hoa - Iy): Sir dung dong thoi chat hap thu hoa hoc va hap thu vat ly.

- Phuong phap oxi hoa: Dua trén cac chuyén hoa khong thuan nghich H,S da
bi hap thu thanh luu huynh.

Viéc lya chon cac phuong phap lam ngot khi can chil ¥ danh gia thanh phan
ctia nguyén liéu bao gém ca tap chat ma trong khi thanh pham yéu cau phai loai bo.
Mot s6 tap chat khi tac dung véi cac dung mdi cd thé hinh thanh cac hop chat hoa
hoc ma trong giai doan tai sinh s€ khong bi phan huy (phan ung khéng thuan
nghich trong diéu kién cua qué trinh ). Piéu ndy din dén giam hoat tinh chat hap
thu va két qua 1a mat hoan toan hoat tinh.

Thuec té, c6 nhitng lwong tap chat nho doi khi lai gay nhitng anh hudng rat Ion
dén viéc lya chon chat hap thu ho ic cdng nghé lam sach khi. Vi du nhu ty 18
H,S/CO, trong khi nguyén liéu can phai duoc cac nha cong nghé xem xét than
trong do ndng do H,S trong céc khi axit 1a yéu té quyét dinh lva chon cong nghé,
phuong phap lam sach khi, phwong phap xir Iy va thu hoi chét thai cua cong
nghé,... Ngoai ra, viéc lua chon phuong phap 1am sach H,S khoi khi con phu thudc
Vao cac yéu t6 khac nhu: yeu cau vé d6 sach cua khi thanh phém , linh vuc sur dung
khi, ... Hinh 1.1 giéi thiéu mot s6 céng nghé sir Iy H,S va nong do xu 1y tuong

ung.
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Hinh 1.1: Lua chon céc qua trinh ngot hda khi

Hién tai, trén thé gisi sir dung chu yéu phwong phap hap thu vat ly, hap thu
h6a hoc hoic két hop ca hai phuong phap dé loai bo cac loai khi ¢6 ham luong H,S
lon. Con qué trinh oxy héa va hap thu dugc st dung dé 1am sach cac loai khi co
ham lugng H,S thap hay dé 1am sach khi o muc d6 cao.
1.2.1. Phwong phap hap thu hoa hoc

Uu diém chinh ciia phuong phéap nay 1a kha nang lam sach khi co ham lugng
khi H,S cao ma hap thu rat it cc thanh phan hydrocacbon khéc trong khi. Chat hap
thu duoc ding 1a NaOH, KOH, cacbonat kim loai kiém hoic alkanolamin . Trong

cong nghiép da c6 cac qua trinh hap thu sau day.
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1.2.1.1. Phwong phdp hép thu hoa hoc diing dung dich kiém (qud trinh
Sulfurex)

Qua trinh “Sulfurex” dugc xay dung trén co so cua phan tng hoa hoc gitra
khi hydrosulfua va dung dich kiém NaOH. Ngoai ra, qué trinh nay con c6 thé loai
bod dugc ca khi CO, ¢6 mat trong hdn hop khi can 1am sach.

Qua trinh “Sulfurex” ¢6 cac uu, nhugc diém chinh sau: Thiét bi don gian, 46
bén cao, cho phép lam viéc trong khoang nhiét do tir — 60°C dén + 40°C, trang
thiét bi duoc lap dat theo kiéu khdi lwu dong, chi phi dau tu thap, tiéu tén it nuoc
va héa chat, lrong H.,S con lai trong khi dau ra: < 0,02 g/m®, nang suat: 25 - 25000
m?>/h, 4p suat khi dau vao: 0,1 - 0,6 MPa.
1.2.1.2. Phwong phdp hép thu héa hec ding dung dich alkanolamin

Céc quéa trinh amin dugc sir dung rong réi trong cong nghiép lan dau tién nam
1930 tai My, sir dung chat hap thu 1a phenylhydrazine. Qua trinh nay duoc cai tién
bang cach sir dung dung dich alkanolamin 1am dung dich hap thu. Alkanolamin Ia
cac bazo yéu, chung phan wng véi H,S (va CO, néu trong thanh phan khi c6 chta
CO,) va s€ lam sach dugc khi khoi H,S. Khi dun nong dung dich bao hoa sau phan
g thi hop chat tao thanh giita alkanolamin va H.,S s& d& dang bi phan huy. Cho
dén thoi diém hién tai thi alkanolamin thuong ding nhat trong cong nghiép 1a
monoetanolamin (phuong phap MEA) va dietanolamin (phuong phap DEA). Tuy
nhién, gan day cac nha may cd xu huéng thay thé monoetanolamin bing chat hap
thu c6 hiéu qua hon — metyldietanolamin.
1.2.1.3. Lam sach khi bang cacbonat kiém

Viéc str dung dung dich amin dé 1am sach khi chira mét luong nho H,S (nhé
hon 0,5% thé tich) va véi ty 16 CO,/H,S cao duogc coi 1a khdng hop ly, vi ham
luong H,S trong céc khi tai sinh vao khoang 3 - 4% thé tich. Viéc thu giir luu
huynh tir cac khi nay & cac phan xuong 1a khong thé, chiing déu bi dét chay trong

khong khi, va nhu vay dan t6i viéc 1am 6 nhidm méi truong. Dé 1am sach cac khi
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c6 ham lugng H,S thap, trong cdng nghiép str dung dung dich kiém (hoic cachonat
kiém) dé lam sach. Phuong phap nay thich hop dé 1am sach céc luong khong 16n
nguyén liéu khi va véi ham luong H,S thap va c6 mat cua cac hop chat COS.

Quy trinh Catacarb la mét thi du dién hinh cho phuong phép xir ly khi bang
cacbonat kiém, cu thé trong quy trinh nay, chat hap thu 1a dung dich nuéc cua
K,CO:..

1.2.2. Phwong phap hd'p thu vat ly

Cac qua trinh 1am sach khi bang phuong phap hap thu vat Iy cac cau tir axit
trong khi ty nhién va khi ¢éng hanh bang dung méi hitu co (propylen cacbonat,
dimetyl ete polyetylenglycol, N-metyl pyrolidon, ...). Cac qua trinh nay dua trén su
hoa tan cua H,S, COS vao dung mdi chir khong phai la cac phan (rng héa hoc nhu
quéa trinh hap thu héa hoc. Nhuoc diém co ban cua qua trinh 12 dung méi hitu co
duoc sir dung lai hap thu tuong dbi tét cac hydrocabon. Nhiéu truong hop viéc 1am
sach khi 1a chua triét dé. Dudi day gioi thiéu mot sé qué trinh hap thu vat Iy.
1.2.2.1. Qua trinh Selecsol

Qua trinh Selecsol 1a mot vi du dién hinh cua qua trinh hap thu vat ly. Trong
quéa trinh nay, chat hap thu la dimetyl ete caa polyetylenglycol (Selecsol) ding &
dang nguyén chét hoic c6 bd sung thém nuéc nhiéu nhat 1a 5% vé khéi lueong. Uu
diém cua phuong phap 1a: 6 chon loc cao vai H,S trong su ¢ miat dong thoi cua
CO,, d bén hoa hoc va bén nhiét cao, ap suat khi thap, kha nang hap thu cao,
khong gay an mon, khong doc, nhiét do dong dic thap (tir — 22 dén — 29°C).
Nhuoc diém cta phuong phap nay ciing nhu cua tat ca cac qua trinh hap thu vat Iy
khéac, d6 12 hap thu dong thoi ca hydrocachon, bat dau tir khi etan.
1.2.2.2. Quad trinh Fluor

Qua trinh nay duoc hang Fluor sang lap ra va duoc biét dén nhu 12 qué trinh
lam sach khi bang glycolamin. Qua trinh Fluor c6 thé ding dé l1am sach khi tu

nhién, khi dong hanh va cac khi cong nghiép khd véi ham lugng CO, cao va ti Ié
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H,S/CO, thap. biéu kién thuan loi nhat I1a khi tong ap suét rieng phan cua cac
thanh phan khi axit trong khi ban dau 16n hon 0,4 MPa. Qua trinh hap thu xay ra
trong khoang nhiét do tir - 26°C dén 0°C (su 1am lanh xay ra nhd vong lanh
amoniac). Chat hap thu duogc hdi luu tré lai bang cach giam dan ap suat.

1.2.2.3. Qua trinh Purizol

Chét hap thu dugc ding ¢ day 1a N-metyl-pyrolydon NMP (CsHsOH). Hoi
luu chat hap thu dugc thyc hién bang cach giam &p suat ting bac mot va dudi phan
I6n hydrocachon bi hap thu tai ap suat twong ddi cao. Khi giai phéng ra khi hon
hop chat hap thu bdo hoa duoc nén lai trong may nén khi va chuyén di hap thu lai.

Khi can 1am sach khi khoi cac thanh phan axit cta nd thi qua trinh giai hap
thu duoc thuc hién tai nhiét do cao hon bang céch thoi khi. Nhiét d6 duoc tang dén
100 — 130°C tai &p suét khi quyén.

1.2.3. Phwong phdp hép thu héa - Iy
1.2.3.1. Qua trinh “Sulfinol”

Pay la qua trinh dugc dua vao st dung rong réi nhat. Qua trinh Sulfinol thuc
chat 1a mot qua trinh tai sinh duoc phat trién dé khi H,S, CO,, COS va mercaptan
ra khoi khi. Cac hop chat luu huynh trong san pham khi c¢6 thé duoc loai bo toi
muc thap ¢& ppm. Qua trinh ndy 1a duy nhat trong nhdm cac qua trinh hap thu, do
hdng Shell xay dung, boi viéc st dung mot hon hop cac dung moi cho phép nd
hoat dong nhu mét qué trinh hap thu hoa hoc va hap thu vat ly. Dung mi bao gom
Sunfolan, diisopropanolamin (DIPA) va nudc. Sunfolan C4HgSO, -
cyclotetrametylensulfon chat hap thu co ban. Chat hap thu thi hai thuong ding 1a
DIPA. Ty I¢ giita cac hop phan nay tly thudc vao thanh phan cua khi can lam sach.

Dung dich khdng gay an mon thiét bi, bén véi su tao bot. Sunfolan va DIPA
tai diéu kién cho qua trinh 1am viéc vai ap suat hoi béo hoa thap, vi vay ching it bi
mét di theo khi 1am sach. Nhuoc diém co ban ctia qua trinh nay 1a c6 xu huéng hap

thu khi hydrocacbon, nhat 14 cua day hydrocacbon thom.
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1.2.3.2. Qua trinh “Ecarsol”

Trong nhitng nam gan day, chat hap thu “Ecarsol” — cua hing Union Carbaid
(USA) dugc ttng dung rong réi trong céng nghiép. Ecarsol — la hdn hop cua
metyldietanolamin, cac alkyl ete cua polyetylenglycol va nuéc. Ecarsol tuong tu
nhu chat hap thu Ecosorb.
1.2.3.3. Cdc qud trinh chuyén héa khong thudn nghich H,S siv dung dung dich

mudi

Qua trinh nay sir dung dung dich mudi ma kim loai cua né tao thanh hgp chat
it tan trong nudc véi ion S%. La phuong phép dua trén cac chuyén héa hoéa hoc
hydrosunfua thanh muéi sunfua it tan trong nuéc dé 1am sach khi ty nhién khoi
mét luong khdng lén H,S. Cac mudi dugc s dung thuong 1a cac mudi sunfat cia
kim loai ma mudi sunfua cua né it tan trong nuge (nhu Cu®, Fe®*, Zn?").

1.2.4. Phwong phap sir dung chat ran 1am chat hap thu

Nhu & phan tong quan trén di trinh bay, cac qua trinh hap thu héa hoc, hap
thu vat ly... c6 nhiéu vu diém nhung ching c6 chung mét nhugc diém 1a khéng co
kha nang giam ndéng do H,S téi nong do cuc thap, chi sir dung ¢6 hiéu qua vai khi
c6 ham luong H,S 16n, viéc tach cac chat hap thu ra khoi dong khi con khé khin
hoac tiéu ton nhiéu nang luong va hoa chat dan tai chi phi van hanh cao. Mit khac,
cung voi su phat trién caa nén cong nghiép thi yéu cau bao vé méi truong va doi
séng con ngudi ngay cang duoc quan tam, doi hoi qua trinh 1am sach H,S phai sau
hon nira. Khi sir dung céc phuong phap nay, ta cd thé lam sach khi téi gisi han nho
nhat 1a ppm ma khong thé loai bo H,S & dang vét, hay néi cach khac 1a giam téi
nong do ppb. Hinh 1.2 gidi thiéu so d6 cua mot hé thiét bi sa dung chat hap thu

ran.
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Hinh 1.2. So @6 thiét bi [am sach khi tw nhién sw dung chét hip thu rin

Gan day, trén thé gioi mét s6 nha khoa hoc da mo ra hwong nghién cuu moi
dé 1am sach H ,S khoi khi c6 su dung chét ran lam chat hap thu . Khac véi cac
phuong phap da trinh bay & trén, phuong phap tach loai H ,S str dung chét hip thu
ran co wu diém vuot troi la d6 chon loc va hiéu qua cao , ¢6 thé 1am s ach sau H,S
trong khi, ndng d6 H,S trong khi sau khi 1am sach 1a rat th ap, co thé dat dén c&
ppb.

Cac chat hap thu rin thuong 1a cac chat c6 dién tich bé mat riéng Ion, c6 kha
nang hap thu S cao. Cé4c chét ran hap thu S thuong c6 pha hoat tinh trén co sé cac
oxit ciia k&m, sit, mangan, ... Cac pha hoat tinh c6 thé duoc mang trén céc chat
mang, duoc thém cac chat xuc tién, hoic duoc phu trén cac chat nén co cau tric
khuén bén viing (monolit, SiO,, nhom oxit, ...). Trong qua trinh xir Iy cac hop chat
S, trudc khi di vao thap hip thu S, hdn hop khi duoc xir Iy so bd bang quéa trinh
hydro héa, cac hop chat nhu mercaptan, thiophin, cacbon disunfua, ... dugc chuyén
hoa thanh H,S. Hon hop khi con lai can xt Iy 12 hdn hop H,S va COS. Vit liéu xir
ly hdn hop hai khi nay thuong ¢ thém chat xdc tién cho qué trinh thuy phan COS

(nhdm oxit). Tuy nhién, phuong phap nay co nhwoc dié m 12 ludn can phai tai sinh
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chat hap thu va sau mét khoang thoi gian nhat dinh can thay toan bo ching. Van dé
tai st dung H,S thu duoc sau qua trinh tai sinh ciing con can nghién cuu.

1.3. Loai bé H,S va COS bing vat liéu hap thu trén co sé oxit kim loai - chat
hap thu trén co sé oxit ZnO

1.3.1. Tinh hinh nghién ctu ¢ nwéc ngoai [8-57]

1.3.1.1. Zeolit va vt ligu mao qudn trung binh.

Cac vat liéu zeolit/vat liéu mao quan trung binh c6 cau tric vi mao quan/mao
quan trung binh va dién tich bé mat riéng I6n duoc sir dung nhiéu 1am vat liéu hap
phu hay chat mang cho céc pha hoat tinh.

Zeolit 1a cac khoang aluminosilicate ¢ cau trac vi xép, duoc cho 1a ¢6 kha
nang hap phu cac hop chat phan cyc ¢ng dung cho qua trinh tach va tinh ché khi
[8-23]. Vit liéu zeolit c6 san trong tu nhién hay dugc tong hop. Tinh chat cau trdc
(kich thudc 16 xdp, dién tich bé mat riéng) cua vat liéu c6 thé duoc thay ddi qua
phuong phép tong hop. Céc zeolit ty nhién da dugc sir dung cho muc dich nay c6
thé ké dén mordenite, clinoptilolite, erionite, phillipsite, va ferrierite [17, 22,] hoic
cac zeolit tong hop dang ray phan tir ¢ cau tric FAU NAY, FAU NAX, LTA va
MFI [18-21]. Uu diém caa cac chat hiap phu zeolit Ia tinh thuan nghich cua qué
trinh hap phu-giai hap, c6 chi phi thap, tai sinh dé dang, do bén nhiét va hda hoc
trong thoi gian dai va quan trong nhat 1a c6 do chon loc cao dé tach H,S. Tuy
nhién, dung luong hap thu H,S cua cac zeolit thap hon nhiéu so véi chat hap thu
trén co s oxit kim loai [22]. Yasyerli va cong su [23] da nghién ctru viéc st dung
clinoptilolite Anatolian (mot zeolite ty nhién) 1a chat hap thu cho khtr lwa huynh &
nhiét do khoang 100 dén 600°C. Két qua cho thay rang kha ning hap phu tir 8,7 t6i
3g S/100 g, giam theo su tang cta nhiét do hap thu tir 100-600°C. Nhiét do hap thu
t6i wu 1a 300°C v6i ham lugng Iwu huynh hap thu 14 6,3g S/100 g chét hap thu.

Vit liéu mao quan trung binh 12 vat liéu c6 kich thudc 15 trong khoang 2 dén

50 nm va dién tich bé mat riéng c6 thé 1én téi 1000 m?/g. Silica c6 cau trdc mao
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quan trung binh duoc tng dung rong rdi 1am chat mang, trong d6 vt liéu thdng
dung nhat 14 MCM-41 va SBA-15. Ca hai vat liéu mao quan trung binh phé bién
MCM-41, SBA-15 c6 thé duoc st dung nhu 13 cac chat hip phu hodc nhu chat
mang cho chat hap thu trén co s& oxit kim loai. Céc vat liéu ¢ cau trdc vi x5p nhu
zeolit bi gi6i han truyén khéi mot cach nghiém ngat khi kich thudc cac phan tir chat
phan ung 16n. Nhuoc diém ndy cua vat liéu vi xop da duoc khac phuc & vat liéu
mao quan trung binh MCM-41, SBA-15. Cac vat liéu mao quan trung binh cé
phan bé duong kinh mao quan hep va dong nhat véi dién tich bé mat rat Ion hta
hen vé su phat trién cua cac chat hap phu-xUc tac rin mai.
1.3.1.2. Chdt hdp thu trén co sé oxit kim logi

Qua trinh nghién cuu, tim kiém vat liéu hap thu luu huynh (H,S) phii hop cho
cac dong khi hda hay cac dong hydrocarbon chira H,S, COS da thu hat nhiéu su
chid y caa cac nha nghién ciu trong nhiéu thap ky qua. Dya trén céc tinh toan nhiét
dong hoc thuc hién bai Westmoreland va cong su [24], cac oxit kim loai Fe, Zn,
Mn, Mo, V, Ca, Sr, Ba, Co, Cu va W la cac oxit c¢d tiém nang. Cac hon hop da oxit
trén ciing c6 thé duoc sir dung nhu cac chat hap thu hiéu qua. Thong thuong, chat
hap thu 1a oxit kim loai s& chuyén thanh mudi sulfua khi dong khi chira H,S di qua.
Bén canh d6 cac phan ang khdng mong mudn ciing c6 thé xay ra, tly thuoc vao
thanh phan dong khi di qua.
a. Chdt hdp thu trén co sé oxit ZnO

Oxit k&m duoc biét dén 1a mot trong nhitng chat hap thu oxit kim loai tét nhat
la n6 cho thay qué trinh sunfua hoa thuan loi nhat. Cac nghién ctu sir dung oxit
ZnO lam chat hap thu da bat dau tir cudi thap nién 70 [24].

Mic du oxit kém c6 kha nang hap phu H,S cao, d6 bén cua né cé thé giam khi
lam viéc trong dong khi c6 tinh khi, & nhiét do cao, do sy bay hoi nguyén té Zn.
Dé cai thién d6 bén cua oxit kém, cac nghién ctru da dua céc kim loai khacvao

thanh phan ZnO nhu Fe. Nhom nghién ctru cua Grindley va cong su [25] trén vat
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licu ZF (hdn hop oxit ZnO va oxit Fe,0, ti 16 mol 1:1) cd thé 1am giam nong do
H,S trong dong khi néng xudng mét vai ppmv. Dé cai thién hiéu suat ZnO va ZF,
Pineda va cong su [26] da nghién ctru cac mau ZnO va ZF pha tap véi oxit CuO
hoic TiO,. Cac tac gia thay riang viéc bd sung Ti lam ting sy 6n dinh cia ZnO dbi
Vi su cd mat chat khir trong dong khi nhu H, , va hiéu qua tét nhat véi ty 18
nguyén tir Ti / Zn = 0,5, ang véi sy hinh thanh oxit hdn hop Zn,TiO,. Viéc bd sung
Cu cho phép ZF cai thién hiéu suat hap thu bang cach tao thuat lgi cho sy hinh
thanh pha ferrite trén bé mit chit hap thu trong qué trinh nung va tai sinh. Viéc bd
sung cac Ti vao ZF ngin chan su phan hiay caa nd thanh hai oxit thanh phan &
nhiét do dudi 600°C, tao su dn dinh ciu trac ferrite.

Pé cai thién kha nang hap thu luu huynh cua ZF, lkenaga cong su [27] da
mang ZF [én vat liéu cacbon hoat tinh (AC), sg¢i carbon (ACF), va than Yallourn
(YL). Céc tac gia thay rang vat lieu ZF mang trén carbon c6 kha niang khu luu
huynh ddi véi H,S tét hon hon ferrites khong dua trén chat mang va cé thé loai bo
hiéu qua H,S tr mac 4000 ppmv téi dudi 1 ppmv ¢ nhiét d¢6 dong khi hoa than
500°C. Vit liéu ZF/AC c6 thé dugc tai sinh thanh cong tir ZnS, FeS trong dong khi
50% O,/Argon & 450°C trong 30 phut va sau d6 ferrite tai sinh ¢ thé dugc st dung
hap thu H,S lap di 13p lai nhiéu lan vai sy giam rat nhe trong kha nang hap thu.

Dé ting hoat tinh va d6 bén cua chat hap thu ZT, oxit Coz0, d duoc nghién
ctru bai Jun va cong su [28]. CAc tac gia nhan thay rang titanates ZT véi 25 wt.%
ciia Co30, cho thay kha nang khir luu huynh rat cao va khdng mat hoat tinh ngay
ca sau khi sir dung 10 chu ky trong pham vi nhiét d6 480-650°C. Ban chét caa hién
tuong duoc cho la sy hinh thanh dang spinel ZnCoTiO,4. Sy c6 mat ion Co?* trong
cau tric hd trg thém qué trinh loai lvu huynh dong thai bén hoa cau trdc va khong
lam mét Zn trong qué trinh tai sinh vat liéu. Tuy nhién, do sy hinh thanh CoSO,,
ma dan dén sy tang 1én lwong SO, trong qua trinh téi sinh tiép theo. P& khic phuc

van dé ndy, céc tac gia da bd xung thém oxit NiO. Két qua cho thiy vat liéu
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ZTCN-10,10, trong d6 10 kl % Coban va 10 k1.% Niken, cé kha nang hap phu t6t
nhat va 6n dinh sau nhiéu chu ky hap phu/tai sinh & nhiét ¢6 580°C [29]. Viéc bd
xung thém Ni vao céac chat hap thu ZTC c6 thé ngan chan sy hinh thanh cua sulfat
va SO, trong qua trinh khtr luu huynh.

Bang cach thém vao mot ham lwong cia Cu va Mn oxit kim loai, Bu va cong
su [30] da tong hop hai chat hap thu ZT méi. Két qua cho thay da cai thién duoc
kha nang hap thu cua vat lidu. Cu thé, vat liéu ZT c6 kha ning hap thu la 169S/100
trong khi vat liéu ZT bd xung 1-2% Cu va Mn c6 kha niang héap thu ting dat 19-21g
S$/100. Sau 17 lan tai sinh/str dung, kha ning hap thu giam khoang 15-25%.

Bén canh cé4c chat hap thu ZF va ZT, nghién ctu cua Kobayashi va cong su
[31] cho thay chat hap thu composite bao gom nhiing hat kém ferrite-silicon
dioxide mang trén TiO, phu hop cho khir luu huynh trong pham vi nhiét do tur 300
dén 350°C. Céac chat hap thu nay duoc chuan bi bang phuong phéap két tua st dung
ure c6 thé 1am giam nong do luu huynh xuéng dudi 2 ppmv, véi nong do ban dau
cua H,S 1a 1000 ppmv va ¢ nhiét do 350°C.

Gan day Park va cong su [32] da tong hop ZnO st dung cé&c chét tao ciu tric
la cac hat carbon nhiam cai thién dién tich bé mat oxit ZnO. Ba mau khac nhau tao
thanh tir tién chat Zn(NO3), sau khi nung & 500, 600, va 800°C cho dién tich bé
mit tuong ung 13 56, 44 va 23 m?/g tuong (ng. Két qua cho thiy chat hap thu véi
dién tich bé mat cao cho thiy téc d6 va kha niang hap thu luu huynh cao nhat. Sau
d6, nhom nghién ciu [33] da tién hanh tong hop véi céc tién chat khac nhau thu
duoc ZnO c6 dién tich bé mat 14 38,8, 40,7 va 24,2 m?/g tng Vi tién chat la kdm
acetate, k&m nitrat va kém clorua. Cac thi nghiém test loai luu huynh da duoc thuc
hién trong 16 ¢b dinh, dudi dong khi néng 500°C. Két qua cho thay oxit ZnO c6

dién tich bé mat Ién nhét thi ¢ kha ning hap phu cao nhat.
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b. Chdt hdp thu trén co sé c&c oxit kim logi chuyén tiép khac

Bén canh oxit ZnO duoc tap trung nghién ciu nhiéu nhit, mot sé cac oxit
khac nhu CuO, FeO,, MnO, CeO,, ciing thu hut duoc su quan tdm caa nhiéu nhém
nghién cuu.

+ Oxit CuO:

Chat hap thu trén co sd oxit CuO ciing duoc nghién ctu trong hap thu H,S do
c6 nhiét dong hoc thuan loi va toe do dong hoc hap thu cao. Chat hap thu trén co
s& CuO c¢6 thé giam H,S tir ndng d6 vai ngan ppmv dén dudi 1ppmv. Tuy nhién,
CuO & dang don oxit d& bj khir vé kim loai Cu khi c6 mat H, va CO trong dong khi
xt 1y. Piéu nay s& 1am giam kha niang hap thu va dan dén giam kha ning ¢ng dung
trong thyuc té cua cua vat liéu. Dé cai thién kha ning hap thu caa oxit CuO, CuO
thuong dugc sir dung két hop véi cac oxit khac va duoc phan tan trén céc chat
mang khac nhau.

Pé giir d6ng on dinh & trang thai oxi hda +2 hoac +1, Li va cong sy [34] da
nghién ctu bo xung Cr va Ce. Ba chat hap thu 1a CuO khdi, CuO-CeO,, CuO-
Cr,0; (¢ cac ty 16 mol 3: 1, 1: 1 va 1: 3) da duoc nghién ctu. C4c tac gia nhan thay
ring CuO-Cr,05 va CuO-CeO, déu c6 kha ning hap thu tét, cd thé loai bo H,S
trong khi than héa xudng it hon 5-10 ppmv trong khoang nhiét do tir 650-850°C,
véi su c6 mat caa 20%tt Hy-10%tt H,O. Sy c6 mat caa Cr tao thanh pha CuCr,0,
d3 bén hoa cau tric trong chat hip thu CuO-Cr,05 va giit duoc trang théai oxi hoa
Cu® hogc Cu®*. Tuy nhién, ddi véi chit hip thu CuO-CeO,, CuO van d bi khtr vé
Cu kim loai.

Gan day, Karvan va cong su ciing da tién hanh mang CuO Ién vat liéu mao
quan trung binh trat tu SBA-15 [35] bang phuong phap tdm wét. Ham lwong Cu
duoc tam 1én 1a 21,97 Kkl% va 40,2% KkI. Cac chu ky loai lvu huynh/tai sinh duoc
thuc hién trong khoang nhiét do tir 515 - 565°C. Két qua cho thay kha ning hap thu

lwu huynh caa chat hap thu phu thude vao ham luong ddng tim Ién. Cu thé vai chat

20



hap thu c6 ham luong Cu 1a 21,97 k1.% va 40,22 k1.% c6 lwong hap thu twong tng
1a 0,63 va 1,57 gS/100g chat hap thu. Sau ba chu ky hap thu-tai sinh, kha ning hap
thu véi mau 21,97 kl.% Cu/SBA-15 1a khong dang ké, trong khi voi mau 40,2%
Cu/SBA-15 thi giam dang ké.

+ Oxit FeO,:

Trong sb cac hop chat kim loai chuyén tiép, cac oxit ctia Zn, Cu va Mn d3
duoc nghién cau rong rdi nhat. So véi & trén tai lieu nghién ciu, sat oxit cé tiém
nang khir lvu huynh 13 hoi thap hon, chii yéu la do sy hinh thanh cacbua sat ¢ nhiét
do cao hon 550°C.

Dé phat trién mot chat hap thu ran chi phi thap, c6 hoat tinh cao va bén,
Sasaoka va cong su [36] da nghién ciru phan tmg va do bén cua tdm loai quang sat
va vat liéu hap thu duoc tong hop tir bot quing sit va bui 10 cao sir dung SiO,,
TiO,, va Al,Os l1a chat két dinh,

Pé loai bo cac hop chét Iuu huynh (H,S, COS) dén duéi 1 ppmv, Shirai et al.
[37, 38] di phat trién vat liéu hap thu tong hop bing cach tron oxit sat va céc hat
k&m ferrite voi cac hat silica cuc min. CAc tac gia thay rang Fe,05-SiO, chi bi khu
xuéng Véi ty 18 oxi trén nguyén tir sit (O/Fe) 1a 1,0-1,3 ¢ 1-5 vol.% trong dong cd
hoi nudc véi khoang nhiét d@o tir 350-550 ° C.

Dé két hop céc tinh chat mong mubn cua silica mao quan trung binh, nhu dién
tich bé mat cao va phan b kich thuéc 16 xop hep, Wang va cong su [39] da nghién
ctru khir luu huynh cta chat hap thu 1a vat liéu Fe,045/SBA-15 duoc tong hop bang
phuong phap tim. Chat hp thu khac nhau da duoc chuan bj bang cach thay doi
ham luong Fe, 0,58-31,3 kl%, va thir nghiém st dung mot hdn hop khi c6 chira 0,1
vol. % H,S trong mot 10 ting hap phu cb dinh & ap suét khi quyén. Céc tac gia thay
rang chat hap thu véi ham luong Fe 31,3 kI% cho kha nang giit luu huynh cao
nhat, 7.01g S/100 g chét hap thu. Vai trd cua oxit sat va kich thudc 16 x6p quyét

dinh kha nang gitr luu huynh cua vat liéu nay.
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+ Oxit MnO:

Chat hap thu trén co s& mangan oxit MnO d3 thu hat sy chd ¥ caa mot s6 nha
nghién ciu trong thap nién qua [24]. Két qua cho thay & ving nhiét d6 cao, phan
ung cua cac MnO la cao hon so vai Ca0, ZnO, va V,0; trong kha nang loai bo
H,S. MnO di dugc tim thay 12 6n dinh tir nhiét 6 vuot qua 1000°C.

Pé cai thién cau tric 16 x6p caa chat hap thu, y-Al,O5 hd trg hap thu MnO
cling duoc phét trién. Atakil et al. [40] nghién ciu kha Tuu huynh caa y-Al,O3 hd
trg MnO, chat hdp thu dwgc chuan bi bang cach ngadm tam w6t va chaa 8 kl.%
MnO. Qua trinh sunfua hoa va tai sinh da dugc thuc hién ¢ 600° C vdi dong
N,/H,/H,S hdn hop chira 1,41-4,48%tt H,S va No/H, va No/hdn hop Hy/hoi nudc,
tuong tng. C4c tac gia thay rang chat hap thy hoan toan co thé tai sinh véi mot hon
hop khi-hoi nuéc, trong khi chi c6 25-20% Iwu huynh c6 thé dugc loai bo bang
cach tai sir dung hon hop No/H,.

Zhang va cong su [41] da tién hanh mot nghién ciru vé kha nang tai sinh cua
Mn-Fe-Zn-O duogc hd trg trén chat hap thu y-Al,O4 véi mot ty 16 mol Mn / Fe / Zn
2: 1: 0,2. Céc thi nghiém sunfua hoa duoc thuc hién & 650°C, hon hop khi chia
0,3% tt H,S-11,62% tt H,-19.34%tt CO-6.85%tt CO,-61.84%tt N, va dung lugng
Iwu huynh caa chat hap thu 1a khoang 5,3g S/100g chat hap thu.

Pé tranh su hinh thanh sulfat trong qua trinh tai sinh va ting su 6n dinh oxit
dong trong qua trinh khir Iuu huynh, hdn hop mangan va dong oxit gém Mn-Cu va
Mn-Cu-V x6p da dugc tong hop boi nhém Karayilan va cong su [42] qua phuong
phap tim wét. Céc tac gia thay rang sau 6 chu ky hap thu/tai sinh, hén hop oxit
Mn-Cu cho hoat tinh cao hon va bén hon so véi oxit hdn hop Mn-Cu-V. Kha ning
duy tri lwong lvu huynh hap thu trén Mn-Cu dat 15g S/100g chat hap thu ¢ 627°C
trong khi d6 cho hon hgp Mn-Cu-V chi dat 5,4g S/100g.
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1.3.1.3. Hdp thu H,S ¢ nhigz dé thdp trén co sé c&c oxit ZnO
+ Vdt liéu hdp thu trén co sé oxit ZnO bién tinh

ZnO 1a thanh phan chinh cua chat hap thu trén co s& oxit kim loai c6 kha
ning loai bo H,S & nhiét d6 thap [43, 44]. Tuy nhién, phan tng cua ZnO véi H,S
chi xay ra trén bé mat, do su tao thanh cua I6p kém sunfua bén nhiét dong bao bén
ngoai hat ZnO, gay can trd cho qué trinh hap thu. Viéc bién tinh nd bang cac kim
loai, oxit kim loai d& dwgc nghién ciu trong nhiéu tai liéu, dién hinh 1a sit oxit. Sat
oxit c6 uu diém 1a c6 kha ning phan ¢ng nhanh véi H,S & nhiét do thuong, phan
ing xay ra trong toan khéi vat lidu. Baird va cong su [45] da nghién ctu sir dung
khoang feroxyhite, 1a vat liéu trén co s& sat oxit, nhu 1a chat hap thu hiéu qua H,S
& nhiét d6 thuong do c6 dién tich bé mat riéng cao va su hién dién cua cap oxi hoa
kht cua Fe**/Fe?*. Trong mot nghién ctu khéac cua Baird va cong su [43] cho
thay phan @ng cua H,S voi ZnO pha tap vai cac kim loai chuyén tiép (KLCT) da
duoc giéi han trong khoang 0,6 chiéu day don 16p bé mat chat hap phu. Vai tro
chinh cua KLCT 1a tang tong dién tich bé mat phan ang véi H,S cua chat hap
thu. Al,O3 ciing 13 mot oxit dugc quan tdm va su dung 1am chat xdc tién cho ZnO.
Al,O3 dang gamma thuong duoc sy dung lam chat mang cho nhiéu vt liéu xdc tac
bai dién tich bé mat I6n, phan tan pha hoat tinh tét va bén & nhiét do tuong doi
cao. Nhuoc diém cua nhdm oxit 1a khong cé hoat tinh hap thu H,S. Baird va cong
su [45] ciing da nghién cau st dung hon hop cac oxit kim loai Co-Zn-Al-O lam
chat hap thu H,S & 28°C. Viéc so sanh kha ning hap thu H,S véi cac xuc tac Co-
Zn-0, ¢6 hoac khong c6 mit Al,Og, di cho thiy Al gitip ting cudng dang ké dién
tich bé mat riéng cua hdn hop oxit kim loai, nhung khong c6 tac dung ting hap thu
H,S cho vat liéu ZnO. Tuy nhién, trong nghién ctru ctia Dahao Zhang va cong su
[46] lai dua ra mot két qua khéac. Al,O; trong nghién ctru nay déng vai trd phéan
tan Cu va Zn lam ting dién tich bé mit va ting dung luong hap thu H,S. Cac mau

c6 chtra 10% Al,O3 déu cho két qua dung lwong hap thu H,S 16n hon nhitng mau
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khong chta Al,O5. Mit khéc, do c6 dién bé mit riéng 16n va kich thudc mao quan
rong, Al,05c6 thé dugc sir dung 1a chat hap phu hiéu qua, luu gitt cac phan tir H,S
truéc khi chuyén qua cho céc oxit kim loai khéac hap thu.

Trong cac nghién ciru tir rat sém, cac nha khoa hoc di nghi dén sir dung CuO
lam chét xtc tién cho vat liéu xt Iy cac hop chit luu huynh mang trén ZnO. CuO c6
ddc diém phan @ng rat nhanh va nhay véi H,S, nhanh hon rat nhiéu so véi ZnO
truyén théng. Nhuoc diém khi ¢ nhiét do cao va trong moéi truong khar manh,
CuO c6 nhuoc diém dé bi khir, 1am giam hoat tinh. Cac nghién ctru da chi ra vai
tro rat 16n cua doéng khi duoc st dung 1a chat bién tinh cho vat liéu khir H,S &
nhiét dd cao. Khi nghién ciu cho thiét bi phan tng ting cé dinh, M. Pineda va
cong su da nghién cu sy anh huong sy c6 mat cua CuO trong vat lidu dén kha
ning loai bé hop chét luu huynh. Két qua cho thay, su c6 mat caa CuO cing véi
k&m ferrit s& lam ting cuong dang ké kha ning loai bo hop chét luu huynh cua
vat lidu. Trong bang sang ché My s6 US7833316 B2 [48] da sir dung Zn-Cu/SiO,
v6i ham lugng téng hai kim loai Cu-Zn dua 1én 1a tir 5 dén 30% dé xir ly khi chta
H,S & nhiét d6 khoang 300-600°C. CuO c6 kha ning loai bo H,S dén don vi ppm
do téc do cua CuO phan ¢ng voi H,S 1a rat nhanh. Néu dit dudi didu kién khir
manh & nhiét d6 cao thi CuO dé& bi khtr vé kim loai, nhung su két hop cia CuO
va mot vai oxit kim loai nhu Fe,03, Al,O5 khién vat liéu hip thu cé kha ning duoc
bén héa. Trong nghién ctu cua Baird da két luan, dung luong hap thu H,S caa ZnO
c6 kha ning dugc ting cudng, bang viéc dua két hop véi oxit cua Cu va Co bang
phuong phap ddng két taa. Hyo-Song Lee va cong su [49] di st dung hdn hop
CuO-Fe,04/SiO, cho viéc xu ly hap thu luu huynh. Két qua cho thay su két hop
cua CuO va Fe,O; lam giam nang lugng hoat hoa cua phan tng. Trong mot
nghién ciru khac cua K.Polychronopoulou va cong su [44] d3 bién tinh ciing trén
vat liéu Zn-Ti-O nhung thay thé bang cac vat liéu khac nhu Mo, Cu, Mn dé so
sanh kha ning hap thu H,S & 25°C. Sau do, tai sinh lai & nhiét d6 500°C, 750°C.
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Trong nghién cau nay cho thdy, CuO va MnO,, Mo,0; dugc st dung véi ham
lwong 10% c6 tac dung lam tiang dién tich bé mit riéng cho vat liéu, nhung dién
tich bé mat giam di khi ham luwong cac oxit ndy tang 1én. Hinh thai hat nano dugc
quyét dinh bai nguyén té duoc dua vao. Khi vat liéu dugc bién tinh bang CuO cho
dang hinh cau, con Mo,0; va MnO, la dang hinh que, diéu ndy anh huong lon téi
dién tich bé mat riéng. Viéc st dung cac kim loai nay con 1am ting mat do cac
nhom oxi ¢6 kha nang bi khir trén bé mit, tir d6 dan dén lam tang kha ning hap
thu H,S. MAu bién tinh bang MnO, ¢6 dic diém kha nang hap thu tét nhung sau
khi tai sinh thi hoat tinh giam manh, do su hinh thanh caa cac nhom sufat, kha nang
hap thu H,S phu thudc nhiéu vao nhiét do. Mau bién tinh bang CuO c6 kha ning
hap thu tét & 25°C va khong phu thudc vao nhiét do. Mau bién tinh bang oxit
molipden ciing thé hién kha niang hap thu H,S rat manh nhung c6 kha ning tao
thanh Mo®" khong than thién véi méi trudng nén khong dugc lua chon st dung.
K.Polychronopoulou trong mét nghién ctru khac ciing da khao sat vat liéu Fe-Mn-
Zn-Ti-O hap thu H,S & ti 1& Fe/Mn 1a khac nhau. Tuy nhién két qua caa nghién cau
nay chua thay rd vai tro cua Mn.

Trong mot nghién ciu khac dugc thuc hién boi Davidson va cong su [50], tc
d6 phan ung cia H,S véi cac mau ZnO c6 hoic khong pha tap cé dién tich bé mat
riéng cao dugc nghién ctu trong khoang nhiét 6 0-45°C va ho di cong bd rang toc
d6 nhanh xuat hién phu thudc vao kich thudc, hinh thai tinh thé va ham luong
nudc cung ton tai. Sasaoka va cong su [51] da nghién ciu hap phu caa H,S trén
ZnO trong su ¢6 mat caa CO, CO, va H,0. Ho thiy ring CO tc ché phan tng
sunfua héa do sy hap phu canh tranh caa n6 véi cac tam hoat dong tuong tu, trong
khi H,O rc ché phan ung sunfua hoéa do xdc tién cac phan ¢ng véi ZnS dé tao
thanh H,S va ZnO. Trong maot nghién ctu cua Carnes va Klabunde [52], su hap
thu H,S bai cac oxit kim loai tinh thé micro cia Zn, Ca, Mg va Al duoc thuc hién
trong khoang nhiét d6 thap (25-100°C) va nhiét do cao (250-500°C). Két qua cho
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thay, CaO la su lva chon tbt nhat cho qué trinh loai bé H,S & nhiét d6 cao va ZnO
la su lra chon tét hon ca cho qua trinh loai bo H,S & nhiét d6 thip hon 100°C.
Ngoai ra, thir tw hoat dong cua céac chat hap thu duoc sip xép nhu sau: ZnO > CaO
>Al,0;>MgO

Xueet va cong su [53] dd nghién ctru hiéu suat chuyén héa caa mot day cac
oxit kim loai (SnO, NiO, Co0, Ca0O, MnO, AgO, ZnO, CuO, Zn/Fe, Zn/Ni, Zn/Co,
Zn/Mn, Zn/Fe/Zr, ZnlTilZr, Zn/Cul/Zr, Zn/Co/Al, Zn/Al, Zn/AL, Mo) cho qua
trinh loai H,S ¢ nhiét d6 phong. Trong sé cac chat hap thu 1a don oxit kim loai,
CuO c6 dung luong hap thu 1én dén 283 mg/g, trong khi céc chat hap thu khac
thap hon dang ké (2-32 mg/g). Cac mau CoO cé dung lwong hap thu khéng cao,
trai nguoc véi cac két qua da cong b trong tai liéu [54]. Cac chat hap thu Zn/Mn,
Zn/Co, Zn/Ti/Zr va Zn/Al cho thiy dung lwong hap thu H,S twong d6i cao (135-
152 mg/g) trong khi Zn/Fe, Zn/Ni va Zn/Fe/Zr twong ddi thap (66-75 mg/g).

Bairdet va cong su [45] da diéu ché cac chat hap thu Co/Al, Zn/Al va
Zn/Co/Al tir dung dich mudi nitrat kim loai bang phan tng dong két tia va tam trén
ZnO thuong mai. Két qua cho thay, cac chat hip thu c6 dung luong hap thu H,S
lan luot dat 7%, 4,6% va 9,2%, twong dwong so v6i két qua thu dugc trong mot
nghién cutu khac [53], ngoai trir truong hop cia Zn/Al (dat 14,6%). Ngoai ra,
Bairdet va cong su ciing da chirng to duoc dung luong hap thu H,S cia ZnO c6 thé
duogc ting cuong dang ké bang cach pha tap véi cac ion kim loai nhu Cu, Mn, Co,
Ti va Zr. Viéc pha tap caa cac oxit kim loai c6 cau triic micro tinh thé vao ZnO da
cho thay dung luong hap thu H,S cao hon dang ké so véi ZnO khong pha tap.

Polychronopulouet va cong su [44] da khao sat hiéu qua cua cac hon hop oxit
kim loai trén co s¢ Zn-Ti khac nhau d6i véi qua trinh hap thu & khoang nhiét do
25-100°C. Nhitng anh huéng cta ban chat hda hoc cia kim loai xuc tién thi ba (Mn,
Cu, Mo), thanh phan héa hoc, va su ¢6 mit cia nuéc da duoc nghién ciu. Cac nha

nghién ciru phat hién ra rang cac oxit kim loai dang hdn hop véi thanh phan 20Zn-
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80Ti-O va 40Zn-60Ti-O c6 dung lugng hap thu H,S téi da cao hon ZnO va TiO,
duoc diéu ché theo phuong phap sol-gel.

Gan ddy, Dahao Jiang va cong su [47] ciing d3 tién hanh tha nghiém kha
ning hap thu H,S trén céc vat liéu tong hop cua oxit ba kim loai Cu-Zn-Al & cac
nhiét do khac nhau tir 25 - 100°C. Két qua cho thay cac vat liéu nay cé kha ning
hap thu H,S & nhiét d6 thap 1a kha cao (trong khoang tir 4,4 - 25,7g S/100g chat
hap thu & 40°C), mirc d6 xur 1y dat duoc 14 t6i nong d6 H,S trong khi thai la 0.1
ppm, dong thoi ciing chi rd viéc giam kich thudc trung binh cua céc hat oxit ZnO
hoac CuO gop phan lam ting dang ké dung lugng hap thu H,S trén vat liéu t6
hop.

Theo Klier [55], viéc bo sung thém Al vao gitip ting cudong do phan tan
cta Cu va ZnO trong vat liéu Cu/ZnO/Al,O5. Anh huéng cua ti 1é mol giira Cu, Zn va
Al, phuong phép tong hop, nhiét d6 qua trinh hap thu va dién tich bé mat riéng dén
dung lugng hap thu ciing duoc thuc hién trong nghién ctu cua Jiang [47]. Ong da
két luan rang viéc pha tap kém voi ddng hodc nguoc lai va pha tap tiép véi nhom
lam giam kich thudc tinh thé trung binh ctia ca ZnO va CuO trong oxit hdn hop Cu-
Zn va hoic Cu/Zn/Al oxit kim loai hdn hop bang cach giam kich thuéc tinh thé
trung binh cua céc pha hydroxyl cacbonat. Kich thudc tinh thé trung binh nho va
dién tich bé mat riéng cao cua ZnO va/hoac CuO goép phan vao viéc ting toc do
hip thu luu huynh & nhiét do thap do giam duoc do day cua 16p vo luu huynh
hinh thanh & 16p ngoai cua hat oxit tinh thé va ting dién tich bé mat phan cach
cho trao d6i gitta HS/ S* va O,.

+ Vat ligu hdp thu trén co sé oxit ZnO mang trén chdt mang

Trong cé4c nghién ctu tiép ndi gan day vé vat liéu hap phu trén co so chat
mang silica mao quan trung binh nham loai bo hiéu qua nhat H,S tir khi sinh hoc &
nhiét d6 moi trudng da duogc xem xét. Chang han, Wang va cong su [56] da nghién

ctru loai bo H,S bang vat liéu ZnO nano/SBA-15 duogc tong hop bing phuong phap
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tam wot va siéu am. Két qua cho thay, khi tim 3,04% ZnO [én SBA-15, vat liéu thu
duoc c¢6 dung luong hip thu H,S cao, dat 43,69 S/100g chit hap thu va c6 kha
nang loai bo sau H,S dén c¢& ppb khi téc do dong khi & mac thap 20 mi/phdt,
nhiét do xur ly 25°C. Tuy nhién, do chat nén sir dung 1a SBA-15 - duoc tong hop
bang quy trinh phic tap va di tir cac tién chét dat tién, chi phi qua trinh xt ly bang
vat liéu hap thu nay 1a twong d6i cao. Murid Hussain va cac cong su [57] da nghién
ctru qué trinh loai H,S trong biogas ¢ nhiét do thap bang cach sir dung chat hap
thu ZnO mang trén silica. Myc dich chinh 1a lam giam néng d6 cua H,S trong
biogas xudng dudi 1 ppm, véi hiéu qua xir Iy cao (>99%) va c6 kha niang xt ly &
nhiét d6 phong. ZnO duoc tam 1én chat mang silica c6 ciu trdc x6p, bang phuong
phap tam uét véi cac ham luong lan luot 14 10, 15, 20% khéi luong. Céac két qua
nghién ciu chi ra rang chat hap thu ZnO/silica c6 kha nang hap thu t6t hon ca cac
chat hap phu co ban khac nhu TiO, thwong mai hay cacbon hoat tinh. Trong sé d6
chét hap thu ZnO(15%)/silica cho hiéu qua hap thu tot nhat nhd cac tinh chat vat Ii
van duoc duy tri, ddng thoi cac hat nano ZnO duoc phan tan d& dang hon.
1.3.2. Tinh hinh nghién cu 6 trong nwéc

Thoi gian qua, Petrovietnam da ky hop dong véi Trung tam Ung dung &
Chuyén giao Cong nghé (CTAT) thudc Vién Dau khi Viét Nam thuc hién mot sé
noi dung nghién ctru lién quan dén chat hap thu trén co sé ZnO, trong vong 12
thang tir thang 5/2010. Ngoai ra, nim 2012, ¢6 mot dé tai khéac vé tong hop ZnO tir
tro bay do TS. Nguyén Han Long, trudng dai hoc Bach Khoa Ha Noi lam chu
nhiém d3 nghién ctru tong hop nano ZnO tir tro bay [58]. Céac dé tai nay déu c6
diém chung 12 vat liéu tao ra chi 13 k&m oxit nguyén chét (99 - 100% ZnO), khdng
duoc bién tinh, chi thich hop véi viéc xir 1y loai H,S dén ham luwong nhét dinh,
khéng xir 1y sau dong thoi ciing khong xir 1y dugc cac khi ¢6 chira COS. PTNTD
cong nghé loc hoda dau, thoi gian qua ciing da c6 nhitng nghién cau thanh cong

trong viéc tdng hop oxit nhém hoat tinh dang vién, hdn hop cua hai oxit nhém va
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k&m chat luong cao twong duong san pham nhap ngoai, voi gia thap hon, tng dung
xt ly khi H,S. Ngoai ra, nim 2010, PTNTD céng nghé loc héa dau di tién hanh
nghién ctu tong hop vat liéu oxit kdm nano tng dung trong viéc xu Iy cac hop chat
lwu huynh dang vét trong khi. Tuy nhién, ddy méi chi 1a nhitng nghién cu mang
tinh chit tham do, dinh hudng phat trién va & qui mé phong thi nghiém. Trén co s
cac nghién ctru ndy, nim 2011, PTNTD cong nghé loc héa dau di dé xuat va duoc
Bo Cong thwong phé duyét dé tai “Nghién ciru Céng nghé ché tao vat ligu xir ly
cac hop chat chta Ivu huynh (H,S va COS) trong khi thién nhién va khi dau mo
nham thay thé cac san pham nhap ngoai”. [59]. Noi dung cua luan an dugc thyc
hién trong khudn khé caa dé tai nay.
1.4. Cac phwong phap téng hep vt liéu hap thu trén co sé ZnO
1.4.1. Gi6i thiéu cAc loai vat liéu hap thu trén co sé ZnO
1.4.1.1.Vat ligu hdp thu trén co sé ZnO micro

Cac vat lidu hap thu trén co so k&m oxit thong thuong c6 kich thude té vi c&
micro, dién tich b& mat riéng thap, nhé hon 10 m?/g nén kha ning hép thu khong
cao. Tuy nhién, day van la loai vat liéu dugce st dung thong dung trong cac qua
trinh hip thu nham loai cAc hop chat luu huynh khéi khi nhd wu diém 12 gia thanh
chap nhan duoc.
1.4.1.2. Vit liéu hdp thu trén co’ s¢ ZnO nano

Gan day, vat liéu ZnO ¢6 cau tric nano duoc dic biét quan tdm.Nho ¢6 hiéu
tmg vé kich thudc lugng tir va bé mat, ZnO cd cau trdc nano c6 nhiing dic tinh
quang va dién khac biét so véi ZnO thdng thudng [60], chang han nhu dai trong
rong (3,37 eV), khdng doc, cac tinh chat dién, quang va &p dién tot. CO rat nhiéu
loai vat liéu nano c6 ciu trac hinh thai khac nhau da duoc téng hop (hinh 1.3) nhu
cac vat liéu nano dang hat, dang que (nanorods), dang sgi (hanowires), dang hoa
(nanoflowers), day cudn (nanobelts), dang éng (nanotubes), dang bon chan (nano-

tetrapods),... Céc vat liéu hap thu trén co s& ZnO kich ¢& nano cé uu diém 1a c6
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dién tich bé mit riéng 16n, do xdp cao, thé tich 15 xop 16n, do do, kha nang hap thu

lon.

Nanotubes Nanoflowers Nanowires

Hinh 1.3. Mgt sé céu tric té vi cia ZnO nano

1.4.2. Cac phwong phap tong hop ZnO
1.4.2.1. Cdc phwong phdp tong hep vat ligu ZnO kich cé micro

Trong cong nghiép, ZnO cd thé duoc san xuit Ion nhat theo mot quy trinh
gian tiép cua Phap. K&m duoc niu chay trong mét ndi nau kim loai va duoc hoa
hoi & nhiét do trén 907°C (thuong khoang 1000°C). K&m héa hoi phan ung véi oxy
trong khong khi cho ra ZnO, c6 kém theo sut giam nhiét d6 va phat quang. Céc hat
k&m oxit duoc chuyén vao ng din 1am mat va dua vao khoang chira san pham dé
dong goi. San pham thu duge thudng gom cac hat ZnO két tu vai kich thude trung
binh 14 0,1 dén vai pm.

Mot quy trinh khéac véi quy md cong nghiép san xuat ZnO duoc xuat phat tir

My. Day 1a méot quy trinh truc tiép bit dau véi cac composit ciia Zn c6 chira cac
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tap chat khac nhau, nhu quing kém hoic cac san pham trong ndi nau kim loai. Cac
chat dau 1a Zn dugc kht (khtr nhiét cacbon) bing viéc dbt nong biang mot ngudn
than nhu than antraxit dé san xuat ra hoi Zn, sau d6 hoi Zn, twong ty nhu quy trinh
san xuat ZnO gién tiép cua Phap, duoc oxi hda bai oxi cua khdng khi tao ZnO. O
day, do nguon nguyén liéu kém tinh khiét hon nén san pham cudi ciing c6 chét
luong thap hon so véi quy trinh san xuét gian tiép.

Luyén trong 10 Vetorin: Vetorin 1a phuong phap san xuat bot oxit kém tir
quang va cac nguyén liéu chira kém khéc. Pay 13 phuong phéap cb dién thich hop ¢
nhitng noi san xuat thu cong. Bot oxit kém thu dugc c6 chat lwong xau hon kém
oxit san xuat tir kdm kim loai. Ttr quing ban dau 15 + 60% Zn c6 thé thu duoc bot
oxit kém c6 ham lugng ZnO dat tir 75,0% dén 90,0% (phu thudc vao nguyén ligu).

Luyén oxit kém bang 10 dién tro: Quing dung cho 16 dién trg phai nung hay
thiéu két trude dé khir luu huynh, chi, cadimi. Oxit k&m thu dwoc c6 chét luong
kha tt dén 98% ZnO. Pay la phuong phap san xuat oxit kém tir quang cé chat
luong cao, nang suat 1on, c6 thé co gidi hda tu dong hoan toan.Tuy nhién phuong
phap nay c6 nhugc diém 1a phai ding liéu khé néng chay, chuan bi nguyén liéu can
than va ton kém.

Luyén oxit k&m bang 10 6ng quay: Pay la phuong phap luyén oxit kém duoc
ap dung rong rai nhat. Cong nghé nay ciing dugc sir dung tai Cong ty trach nhiém
hitu han nha nudc mot thanh vién kim loai mau Thai Nguyén dé san xuat bot oxit
k&m 90%. Uu diém cua phuong phap nay 1a c6 thé xu ly hiéu qua nguyén liéu chaa
k&m va chi, co thé tu dong hda qua trinh luyén, luyén lién tuc, ning suit cao, qui
mo 16n.Tuy vay, phuong phap nay ciing c6 nhugc diém la diéu khién cong nghé
kho, d& xay ra két tang, vat liéu xay 1o dit.

Ngoai ra, mot lugng nho ZnO cdng nghiép con duoc san xuat theo mot quy

trinh hda hoc wét, di tir dung dich mudi k&m tinh khiét, két tua kém cacbonat hosc
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k&m hidroxit duoc tao ra. Két tua sau d6 dugc loc, rira sach, sdy khd va nung &
nhiét do khoang 800°C.
1.4.2.2. Cic phwong phdp “top-down” téng hop nano oxit kém

Dé tao ra céc vat liéu nano, hién nay co hai cach tiép can chu yéu. Cach tiép
can thi nhit 13 tiép cén tir trén xudng (top-down), tirc 1a xudt phat tir cac kich c&
16n, nho nhét 14 micromét, sau d6 lam giam kich thudc dac trung cua vat li¢u
xuéng kich thudc nanomét. Cac san pham ché tao theo cach nay c6 thé diéu chinh
kich thudc kha tét, co dic trung vat Iy rat & va thudng st dung cic phuwong phap
vat ly kiéu quang khéc, di kém voi cac chum ion, cac chum hat, chum dién tir va c6
thé ché tao cac vat liéu c6 kich thude ¢& 50 nm. Tuy nhién chit luvong hinh thai hoc
khong cao, kha ton kém va doi hoi phai co hé théng may moc thiét bi hién dai.

a. Phwong phap pha hoi ngung tu (CVD)

Phuong phap niy thudng dugc st dung nhd quéa trinh twong ddi don
gian.Theo d6, hoi Zn va oxy dugc van chuyén va phan &ng véi nhau, hinh thanh
cac cau tric nano ZnO. C6 mot sé cach dé tao ra hoi kém va hoi oxy. Phan huy
ZnO 1a mot phuong phap truc tiép va don gian, tuy nhién, gidi han cua n6 la phai
dwa nhiét do 1én rat cao (1400°C) [61]. Mot cach khac 1a nung néng bt kém trong
dong oxy, phuong phap nay thi nhiét d6 chi can dat toi 500 — 700°C, nhung ty Ié
giita 4p suat hoi Zn va oxy doi hoi can phai duoc kiém soét rat nghiém ngat thi méi
thu dwoc cau tric nano mong mudn. C6 thé thay doi ty 1 nay dé thu duoc céc hinh
dang khéc nhau cua nano ZnO [62].

Céc phuong phép gian tiép dé cung cip hoi Zn 1a cac hop chit co k&m, vi du
dietyl k&m dugc st dung trong dong oxy hoac N,O thich hgp [54, 63-65] (phuong
phap MOCVD).

b. Phwong phap nhiét carbo (carbothermal)

bay cling 1a phuong phap dugc su dung rong rai. Trong phuong phép nay,

nguyén liéu ban dau 1 bot ZnO duoc tron véi graphit [66-71].Tai nhiét do 800 —
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1100°C, graphit khir ZnO vé dang Zn kim loai va hoi CO/CO,.Zn va hoi CO/CO,
sau d6 lai phan wng véi nhau va két qua 1a hinh thanh tinh thé nano ZnO. Tuy theo
co ché hinh thanh nén cau tric nano ma ngudi ta 4p dung phuong phéap hoi — ran
c6 mat xuc tac (VLS — catalyst assisted vapor — liquid — solid process) hoac khéng
c6 mat xuc tac (VS — catalyst free vapor — solid).

Qua trinh VS thuong duoc st dung dé tong hop loai cau trac nano nhu: day
nano (nanowires), thanh nano (nanorods), dai nano (nanobelts) va mot s cau tric
phirc tap khac. Céc qua trinh VS sir dung bot ZnO 1am 1 thanh phan caa nguyén
licu ban dau bao gio cling trai qua qua trinh phan huy bt ZnO & nhiét d6 cao (820
—1100°C) [61].

C. Phwong phap PLD

Pay 1a phuong phap ma ngudn lase dugc sir dung dé diéu chinh sy phét trién
duong kinh cua day nano (nanorods). Vi du: 1 tim ZnO nanorod duoc tong hop
trén chat nén la Si tai 873K bang cach cit bia ZnO bang laze véi dao dong 193 nm
trong khi oxy dudi &p suat thap [72].
1.4.2.3. Cic phwong phdp “bottom-up” tong hop nano oxit kém

Céch tiép can thir hai 1a tiép can tir dudi 1én (bottom-up), tirc 1a chu yéu sir
dung cac phuong phap héa hoc dé 1ip ghép cac don vi nguyén tir hodc phan tir lai
v6i nhau nham thu duoc cac cau trac nano. Cach tiép can nay van con twong dbi
moi, dang ngay cang thu hit sy cha ¥ cia nhiéu nhom nghién ctru trén thé gisi va
khong doi hoi cac thiét bi hién dai.

So véi cac phuong phap vat Iy (top-down) da dugc thuong mai hda trong cac
mg dung cong nghiép dé ché tao ra cac cau triic nano, cac phuong phap hoa hoc
dang chiém uu thé vi phuong thic tién hanh don gian va kha nang thu dugc cac
dang cau tric nano c6 hinh thai hoc tot va tinh déng nhat cao.

Trong phuong phéap hoéa hoc, viéc sir dung cac loai khudn dé tao ra cac nano

c6 hinh thai nhu mong muon la can thiét.

33



a. Phuwong phap khuon cung

Téng hop vat lidu dua theo khudn ctng 1a mdt phwong phap tong hop truc
tiép cac dang cau trac nano khac nhau tir cic khuon c6 ciu tric nano da ché tao
san. Cac dang cu triic nano hinh thanh theo phuong phap nay c6 hinh thai bd sung
cho hinh théi ciia cac khuén ban dau.

Pic diém cia phuong phap tong hop vat liéu dua theo khudn cing 13 cac san
pham tao thanh rat da dang, ¢6 hinh dang/kich thudc dinh hudng theo cac khuon di
ché tao va khuédn chi duoc dung thuan tay vé mat vat 1y. Vi vay sau qua trinh téng
hop, phai d& bé khudn dé thu dugc cac dang cau tric nano thap chiéu mong muén.

Mic du phuong phéap tong hop vat liéu dung khuon cimg (khuon truc tiép)
duogc thira nhan 1a mot quy trinh téng hop don gian cho hiéu suit cao va kinh té
dong thoi cho phép tao ra nhimng cau triic nano c¢6 hinh dang phirc tap trén bé mit
ctia khuon. Tuy nhién, trén thuc té phuong phap nay thudng chi tao duoc cac san
pham c¢6 ciu tric da tinh thé va luong san pham tao thanh sau mdi 1an tong hop
con twong ddi han ché. Hon nita, cac khuodn cimg thuong rat kho tai st dung sau
mdi lan tong hop, vi vay day 1a mot phuong phap khé ton kém va phirc tap.

b. Phwong phdp khuén mém

So voi phuong phap khudn ctng, tong hop vat liéu theo phuong phap khudn
mém 1a mot phuong phap tong hop cac dang cau triic nano khac nhau dya vao cac
cAu tric tu lép rap tur cac chit hoat dong bé mit, cac oliglome, cac polime di thé
hay céc phan tir sinh hoc (cac chudi AND, cic virus hinh que), ... Khuéon c6 thé tan
trong nudc hay trong cac dung mdi phan cuc va dong vai trd nhu mot mixen dan
huéng cho qua trinh hinh thanh, phat trién cia cdc dang cau tric nano khac nhau.

Dudi cac diéu kién phan g khac nhau, cac dang cAu trac nano mét chiéu co
thé duoc hinh thanh. Céc tinh chit va hinh dang cua san phém cudi duge dinh hinh
bang cac diéu kién phan tmg va c6 thé diéu khién duoc qua trinh hinh thanh céc

dang ciu trac nano khac nhau (hat, 14, ddy, thanh, ng, ...kich thuéc nano) bang
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cach diéu chinh cac diéu kién phan g (nhu nhiét dJ, thoi gian phan ung, loai
khuén mém). Cac khuén mém sau d6 dugc thio bo bang cach tach co chon loc
v6i cac dung méi thich hop nhim thu duoc san pham c6 d6 tinh khiét cao.

Ché tao vat liéu sir dung cac chat hoat dong bé mat: C&c céu tric tinh thé
16ng (mesophase) tir hop tir cac chat hoat dong bé mit nhu cetyltrimetylammoni
bromua (CTAB), natri bi(2-etylhexyl) sunfosuccinat (AOT), ... 1a mdt dang khuon
mém diing dé ché tao cac cau tric nano mot chiéu véi khéi luong twong ddi 16n.

Thong thudng thi cac phén tir cia chat hoat dong bé mit, thuong gin voi nhau
mot cach ty phat dudi dang cac mi-xen hinh que (hay con goi l1a cdc mi-xen dao)
khi ma ndng d6 cua ching dat dén gia tri t6i han. Cac cdu trac di thé nay c6 thé
dugc dung truc tiép 1am khudn mém dé ché tao cac cau triic nano mot chiéu b::ing
cac phan tng hoa hoc hay dién héa thich hgp. Cac phan tir cia chat tir hoat dong bé
mat nay sau do can phai dugc tdch mot cach chon loc dé co thé thu duoc cac thanh
nano véi do tinh khiét cao. Thuan lgi chii yéu cta phuong phap nay 1a ¢ thé tong
hop duoc cac mang diy nano dong déu hon 1a cic mang ngiu nhién theo dinh
huéng ctia mau ..

Ché tao vt liéu sir dung cdc chudi polime: Cac khdi polime hay copolime
duoc tao thanh béng cach ndi hai hay nhiéu doan lién két hoa hoc riéng bi¢t véi
nhau béng lién két cong hoa tri cling c6 thé duoc tan dung nhu 1a cac khuon mém
dé tao ra cac cAu triic nano mot chidu khac nhau. Khi cac doan polime khong thé
tron 1an vao nhau thi hon hop cua cac chudi nay sé tao thanh cac pha khac nhau.
Duéi cac diéu kién thich hop (thi du nhu vdi ti 1& thich hop giita trong lwong phan
tir ctia cac doan polime khac nhau), cac mang dong déu hinh try duoc tao thanh véi
cac cau tric twong ty dé cac phan tir bé mit tu 1ap rap. Cac ving khac nhau trong
mdi cau tric mang co thé lya chon véi tién chat 1a kim loai (hay cac chat ban dan)
bdi cac hap thu vat 1y hodc hoa hoc cling sap xép thanh cac khdi khudn copolime

dé tong hop lén cac cau trac nano mot chi€u c6 hinh thai khac nhau.
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C. Cdc phuong phap hoa hoc khong su dung khuon

So véi cac phuong phap st dung khudn, cac phuong phap tong hop khong st
dung khuoén c6 mot wu diém 1a san phém tao ra sach, khong phai qua budc xur 1y r&
b6 khuon. Sol-gel, thuy nhiét, két tia dang 1a nhitng phwong phap chi yéu dugce sir
dung dé téng hop cac dang cdu truc nano khac nhau. Dic biét 1a phuong phap thay
nhiét két hop véi st dung cac loai khuén mém dép tng tot cac yéu cau vé ché tao
c¢6 diéu khién cac loai cdu tric nano thap chiéu nhu cac hat, 13, thanh, ong, day
nano khac nhau véi phan b kich thudc hep, ddng déu va hiéu suat hinh thanh cao.

Phuong phap sol — gel [73]: ¢6 lgi hon cac phuong phap khac do sy don gian
va dé kiém soat cac thanh phan pha tron. Cac hat ZnO duoc phan tan trong moi
truong sol — gel ¢d thé co kich thuéc rat nho (10 — 15 nm).

Phwong phdp thiy nhiét: bang cach thay d6i hda chét sir dung va cac diéu
kién thay nhiét nhu: nhiét do, thoi gian phan tng, méi trudng phan tng... co thé
thu duoc rat nhiéu dang ciu trdc cia kém oxit. Chang han nhu, san pham ZnO c¢6
cau tric bdng xbp thu duoc trong phan tng giira dung dich mudi kém acetat,
CTAB vé6i NaOH ¢ 373,15K trong autoclave. Néu di tir nguon chat ban dau la
Zn(NO3),-6H,0, NaOH va CTAB thi ZnO thu duoc lai c6 dang 6ng hoic dang hat.
Cau tric nano cua ZnO trong nghién ctu nay phu thudc vao dung méi sir dung
[74].

Phuong phap thuy nhiét st dung dung dich Zn(NOs), 0,01 M, hexametylen
tramine (HMT) 0,01 M va trinatri citrat 0,005 M thu duoc mot loai ZnO ciu tric
l6p xp [75]. Céach thire tong hop bang phwong phap ndy nhu sau: Autoclave chira
hon hop kém nitrat, HMT va citrat duoc giit tai nhiét do 95°C trong khoang thoi
gian tir 30 phat dén 48h. Tly theo thoi gian phan ung 1a bao 1au ma ta c6 thé thu
duoc cac san pham c6 cau trdc khac nhau. Két qua 1a san pham ZnO cua phan tng
sau 1gio c6 cau tric bdng xop, con sau 24 gid thi san pham lai ¢ cau trac khoi

4
A

Xop.
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Bang cach st dung dung dich nuéc cua kdm acetate dehydrate va NaOH tai
90°C, Wahab va cong su da tao duoc loai hoa ZnO ma mdi canh 1a mét don tinh
thé hinh que. Cac bong hoa ZnO nay c6 kich thuéc tir 2 — 4 um duoc hinh thanh
trong thoi gian phan tng khoang 30 phat [76].

Trong coéng b ctia C. Wang va cong su [77], ZnO nanotubes duogc hinh thanh
trong diéu kién phan Gmg thay nhiét gitra ZnO micro va dung dich H,0,.

Qua nghién ctru tong quan vé cac phuong phap tong hop vat lieu kém oxit
nano trén day, c6 thé thiy rang véi sy thay doi nguon hoa chit va cac diéu kién
tong hop, bang phuong phap thuy nhiét c6 kha ning tao ra rat nhiéu dang cau truc
cua k&m oxit nano.
1.4.2.4. Co sé ly thuyét qua trinh két tinh thiy nhiét tao vat liéu oxit [78]

A- Co ché clia qua trinh ngung tu

Tuong tu VSi co ché polyme hda céc hop chat hitu co, qua trinh ngung tu cac
ion kim loai trong dung dic ciing dién ra qua 3 giai doan.
a) Khoi mao

Qua trinh ngung tu dién ra khi méi trudng acid duoc tao ra dbi véi mot cau ti
oxo (vi du [CrO,4]* ) hay méi truong bazo véi véi cau tir hydrat hda [(Cr(OH,)e]*".
San pham cuia qua trinh 1a su hinh thanh cac phéi tir hydroxo véi ion kim loai:

[M-O] + H30" — M-OH + H,0 « [M-OH,]" + HO"

Qua trinh nay duoc goi la quéa trinh hydorxyl hda, tao ra cac phac hydroxyl, la
tién chat ban dau cho qua trinh ngung tu cac ion kim loai.
b) Giai doan kéo dai mach

Ngay khi xuat hién cac cau tir dugc hydroxyl héa trong dung dich, qué trinh
ngung tu s& dién ra va hinh thanh cac cau lién két oxy giira cac ion kim loai.

-M-OH + -M-OH — —M-OH-M-0OH
[-M-O] + -M-OH — [-M-O-M-OH]
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¢) Giai dogn ngat mach
Trong giai doan nay quéa trinh qué trinh ngit mach mot cach dot ngot dién ra.
Su ngung tu ¢6 thé bi gidi han & sy hinh thanh oligome hay kéo dai manh mot cach
vO tan cho dén khi tao thanh két tua. TUy thudc vao loai ion va méi truong acid-
base cta dung dich ma qua trinh ngung tu chi hinh thanh céac polycation trong dung
dich hay dang két tuaa.
B- Pong hoc qua trinh hinh thanh pha rin trong dung dich: tao mam, phat
trién mam va gia hoa
a) Cdc giai doan tqo thanh pha ran trong dung dich chiea ion kim logi
Qua trinh hinh thanh két taa cua mot chat trong dung dich di qua 4 giai doan:
- Sy hinh thanh céc tién chdt khong mang dién [M(OH),(OH,)N-z]% qué trinh
hydroxyl hoa cac cation 1a mot phan ang acid-bazo rat nhanh, nhung toc do
hinh thanh cac céc tién chat khong mang dién lai rat khac nhau, tly thudc vao
mdi phan ang cuy thé.
- Sw tgo thanh mam hay nhan: cdc mam hay nhan duoc tao thanh tir qué trinh

ngung ty ciia c4c tién chat khong mang dién.

S6 luong Kich thude
| I \ (a)
g . '
L —J Thoi gian
Nong do n
Cmexl - e '
(:'n"l \
Cs T re——— (b)
Lo I -
v _ o1 Thoigian

Hinh 1.4: So' db bién déi ciia qua trinh hinh thanh sé lwong hat va kich thwéc

hat (a) va tién chat tan (b) ciia pha oxit hinh thanh trong qua trinh két tua.
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Toc d6 cua qua trinh ngung tu phu thudc vao néng do tién chat, khi nong do
rat thap, toc d6 hydroxyl héa gan nhu bang khong (ving I, hinh 1.4a). Khi ndng d6
tién chat dat mot gid tri ngudng t6i han Cpin, téc d6 ngung tu ting nhanh mot cach
dot ngot va cac da nhan, cac mam duoc hinh thanh, cdc mam hinh thanh mét cach
“bung nd” trong toan b dung dich (vung 11, h.1.4a). Qua trinh tao nhan (hay mam)
c6 tde dong hoc rat 16n, bac hinh thirc rat cao dbi véi nong do tién chat. Toc do tao
mam dién ra vo cung nhanh ngay khi nong do tién chat vuot ngudng Cpin va nguoc
lai, gan nhu bang khong khi nong do vira nhd hon Cpin (hinh 1.4b). Néu téc do tao
tién chat 1a thuc su kha cham so véi toc d6 ngung tu, su tao mam lam giam nhanh
mot cach dot ngot ndng do tién chat va toc do ngung tu s& bi cham lai cling mot
cach dot ngot. Khi nong do tién chat quay chg vé ving xung quang Cpin, Su hinh
thanh cac mam sé& khdng tiép tuc xay ra.

- Sir tdng trwéng Cia mam: qué trinh nay s& dién ra cho dén khi tao ra céc hat so
cap dau tién. Qua trinh nay dién ra clng luc véi cac qua trinh ngung tu héa hoc,
(oxlation va/hoic oxolation) ciing nhu su tao mam. Sb luong va kich thuéc hat so
cap hinh thanh tir mot luong chat ban dau 1a ¢ lién quan dén toc do twong ddi cua
su tao mam va sy ting trudng mam. Dé thu duoc c4c hat c6 kich thude dong déu,
diéu can thiét 1a giai doan tao nhan va giai doan ting truong can dugc tach biét rd
rang. Piéu nay c6 nghia 1a téc do tao mam phai rat I6n hon so véi toc do tao tién
chat.

- Sir giad hoa cac hat trong huyén phi: cac hat so cap hinh thanh va tiép tuc tuong
tac-gia hoa- tao thanh cac bién doi khac nhau cua hat. Sy gia hoa “Ostwald” gay
nén sy tang 1én vé kich thudc trung binh cua hat (ving 1V, Hinh 1.4a). Sy gia hoa
c6 thé kéo theo sy ting thay ddi vé ciu tric hinh thai, cdu trdc tinh thé cua hat hay
qué trinh két tinh cua céc vat liéu vo dinh hinh. Nhu vay su gia héa 1a mot trong
nhitng giai doan quan trong can xem xét vi nd xac dinh cac dic tinh caa hat thu

duoc & trang thai két taa.
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C- Mét sb dai lrgng nhiét dong, déng hoc qua trinh tao mam, ngung tu va gia
hoa
a) Tao mam

Tao mam & mot trong cac giai doan dau tién cua qua trinh ngung tu tién chat va
hinh thanh pha oxit ran. Sb lugng cdc mam tao thanh n* va duong kinh hat mam r*

tao ra dugc tinh toan theo phuong trinh Gibbs-Kelvin nhu sau:

Trong d6:  r* : dwong kich hat mam “t&i han”
n*: s6 lwong hat mam “t6i han”
y: strc cang bé mat
v: thé tich phan tir
k: hiang sb
T: nhiét do
S: S = C./Cs,v6i: C, 1a ndng d6 tién chat trong dung dich,
Cs 12 d6 tan cua pha ran
Nhu vay duong kinh hat « t6i han » cang nhé néu do b&o hoa cang cao va sic
cang bé mat cang nho.
Tbc @6 tao mam J cho biét s6 mam tao thanh trong mot don vi thoi gian va thé

tich dugc tinh theo biéu thuc sau

Trong d6: AGF 14 entanpi tu do cua qua trinh hda hoc (olation va/hoac oxolation).
b) Tang truong tao hat

Sy khdng bén caa cac mam « téi han » trong giai doan tao nhan s& dan dén su
ting truéng tao hat qua qua trinh tich hop véi tién chat dang tiép tuc hinh thanh sau

qué trinh tao mam. Kich thudc cudi cung cua hat phu thudc vao sé mam va luong
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chat trong qué trinh tong hop. Tuy nhién, d6 rong phan b kich thudc hat co lién
quan dén co ché ting truéong cdc mam. Giai doan dong hoc gigi han téc do ting
truong ¢ thé 1a sy khuyéch tan céc tién chat toi bé mat hay 1a phan ang hoéa hoc
dién ra trén bé mit.

Trong truong hop su ting trudng gidi han bai khuyéch tan, giai doan phan
rng hoa hoc tich hop tién chat vao mam dién ra rat nhanh. Sy thay d6i kich thudc

hat dugc tinh theo phuong trinh sau :

Trong d6: D 1a hé sé khuéch tan, C 1a ndng do chat tan, C, 1a d6 tan cua chat

ran va v la thé tich mol.

Truong hop nguoc lai, dong hoc qua trinh tang trwong bi gidi han béi phan
ing hoa hoc trén bé mat hat mam. trong truong hop nay toc do tang truong hat

dugc mo ta nhu sau:

Trong d6 k, 1a hing s6 téc d6, m 1a sb tién chat chira trén bé mat mam.
¢) Gia hoa:

Giai doan tao mam va ting trudng tao hat dugc kiém soét bai cac qua trinh
hoa hoc vai diéu kién nang luong hoat hoa téi thiéu trong diéu kién phan ¢ng. San
pham tao ra trong qua trinh ndy khéng nhat thiét 1a bén nhiét dong hoc. Qua trinh
gia hoa huyén phi trong thoi gian kha dai (nhiéu gio, ngay, hay thang) cho phép hé
huéng téi hinh thanh trang thai bén. Chinh vi vay, qua trinh gia hoa thudng di kém
véi mot s6 qua trinh bién doi cac tinh chat vat ly, hoa hoc cua hat. Cac hiéu tng
thuong duoc quan sat thay I1a su tang 1én vé kich thudc hat, su thay d6i cau tric

tinh thé va dic biét 1a sy thay doi vé cau trdc hinh thai.

41



1.4.3. Cac phwong phap bién tinh vat liégu ZnO
1.4.3.1. Vat ligu hdp thu trén co s¢ ZnO bién tinh

Vit liéu nay dugc diéu ché trén co so pha hoat tinh 1a kém oxit c6 bd sung
chat xuc tién va mang trén chat mang c6 dién tich bé mit riéng 16n. Cac oxit kim
loai bién tinh c6 vai trd hd tro cho qué trinh oxi héa khir, trao ddi cia ZnO véi cac
chat hap thu, thuong 1a cac oxit kim loai ¢6 &i luc 16n dbi véi chat can hap thu (nhu
cac oxit cua Cu, Ni, Fe, Co, ...). Cac chat mang thuong 1a cac chat co dién tich bé
mit riéng va thé tich 156 x6p 16n c6 vai tro 1am ting dién tich tiép xGc cua vat liéu
véi chat can hap thu, Ia chat phan tan va gan két cac pha hoat tinh véi nhau, dong
thoi 1a chat xdc tién cho mot sé qué trinh thay phan (vi du trudng hop thiy phan
ciia COS trong nudc). Chat mang co thé la cacbon hoat tinh, cac oxit vo co nhu:
SiO,, zeolit, cac oxit cua kim loai Zn, Ce, Ti, Zr, Al, cac oxit Fe, va ca hon hop cac
oxit nhu: Si0,-Al,03, Al,05-SiO, dang tinh thé va dang vo dinh hinh, Al,O5-ZrO,,
Al,03-Cr,03, zeolit, ...[79-84].
1.4.3.2. V@t ligu hdp thu trén co s¢ ZnO mang trén chdt nén

Pé diéu ché vat liéu hap thu dic biét trén co s¢ ZnO, cb kha nang xur ly vét
H,S va COS, pha hoat tinh ZnO thuong duoc mang Ién trén mot chat nén. Chat nén
la céc vat lidu c6 cau tric 16 x6p nhu silic dioxit, nhom oxit, monolith, ... Trong
d6, monolith dang t6 ong la chat nén hién dang duoc quan tdm do kha nang tng
dung cao cua loai vat liéu nay trong cac qué trinh xir 1y khi doi hoi tbe d6 dong khi
cao va nhiét do cao nhu qua trinh xtr ly khi thai dong co, xuc tac cho qua trinh
chay, qua trinh 1am sach khi trong cong nghiép ché bién dau khi (vi du, qué trinh
lam sach vét H,S trong khi tu nhién) hay trong cac thiét bi phan ang nhiéu pha [85,

86]. Hinh 1.4 gii thiéu hinh dang mét s6 gém monolith té kiéu t6 ong.
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Hinh 1.5. Monolith kiéu té ong
Monolith ¢6 thé duoc ché tao tir mot s6 dang vt liéu khac nhau nhu kim loai,
hop kim (metallic monolith), silicon cacbit (SiC), cordierit (2MgO. 5SiO,. 2Al,053)
— ceramic monolith hay cac vat liéu cd dién tich bé mat riéng cao nhu y-Al,Os,
zeolit, mesoporous SiO,, ... tuy thudc vao ng dung cua chung.
Viéc lya chon vat liéu ché tao monolith 1am chat nén xdc tac phu thudc vao ba
nhom tinh chat chinh sau:

e C4c tinh chét lién quan dén viéc sir dung xuc tac: kha nang duy tri d6 bén
hoa, co, nhiét trong diéu kién lam viéc.

e C4c tinh chat lién quan dén kha ning bam dinh va do bén bam dinh khi pha
16p chit mang x(c tac hoac xdc tac: bé mat c6 dd nham nhat dinh va do xop
thich hop dé c6 thé phu chat mang mét cach hiéu qua.

e C4c tinh chit lién quan dén qua trinh ché tao: kha ning tao bot nhdo (Voi
ceramic monolith) dé ép dun, kha ning tao hinh, ... kha ning cudn tir phoi

mong, tinh han (metallic monolith), ...
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Thong thuong, nhoém cac tinh chat dau tién 1a yéu té quan trong nhat, dac biét
véi xtc tac xir ly khi thai boi diéu kién 1am viéc nghiém ngat vé nhiét do, moi
truong, thoi gian, (g suat co.

Monolith c6 thé dugc ché tao tir cac kim loai hoic cac hop kim (Fe, Cr,
Al...). Uu diém caa loai monolith nay 1a c6 thé tao ra thanh monolith méng hon so
vé6i thanh cua monolith ché tao tir vat liéu gém (cordierit, silicon carbit). Thanh
kénh monolith mong hon cho phép ché tao vat liéu c6 mat d6 kénh cao hon, do
giam &p suat thip hon. Monolith kim loai ciing c6 kha ning duy tri d6 bén co cao
hon va d6 dan nhiét cao so vai gom monolith [87]. Tuy nhién, monolith kim loai
dé bi an mon hon gém monoltih khi 1am viéc ¢ nhiét do cao trong mdi truong chia
cac tac nhan gay an mon (H,S, SOy...).

Thuc té, hai dang vat liéu thuong duoc sir dung nhat 13 gdm monolith va
monolith kim loai. Tuy nhién, viéc phii I6p chat mang 14 céc oxit vo co 1én trén bé
mat monolith kim loai kho khan nhiéu hon so véi viéc phu chat mang 18n chat nén
monolith. Bang 1.3 dua ra mét s tinh chat co ban caa gém monolith va monolith
kim loai c6 cung mat do kénh.

Bang 1.3. Tinh chat cia monolith dang gom va monolith kim loai

Tinh chat Monolith gém Monolith kim loai
(cordierit)
b6 day thanh (mm) 0,15 0,04
Mat do kénh (in.”) 400 400
Bé mit riéng (m?1™) 2,8 3,2
Khéi luong khong ké vo (gl™) 550 620
Do dan nhiét (cal s* ecm™ K™ 3x107 4x107°
Nhiét dung riéng (kJ kg™ K™) 0,5 1,05
Hé sb gian no nhiét (K™ 0,7x10° 0-15
Nhiét do 1am viéc cao nhat (°C) 1200-1300 1500
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Két qua trong bang 1.3 cho thay gém monolith c6 hé sé din nhiét thap hon,
khdi lwong riéng nho hon va hé sé gidn né nhiét thap hon so véi monolith kim loai.
Dong thai, monolith kim loai lai chiu in mon kém hon nhiéu so véi gém monolith
khi 1am viéc & nhiét d6 cao va tiép xdc voi cac khi gay dn mon nhu H,S. Do d6, dé
phu hop vé&i muc tiéu ché tao vat lidu ¢ kha nang xu Iy vét caa H,S va COS, gom
monolith d& dugc lya chon 1am chat nén cho vat liéu hap thu trén co so ZnO. Oxit
ZnO s& dugc tam 1én nén 1a cac vat lidu c6 cau trac 16 xop nhu silic dioxit, nhom
oxit, gdm monolith. Trong d6, monolith 1a khéi vat liéu da dinh hinh sén, c6 dang
t6 ong, c¢6 nhiéu kénh nhé vai chiic nang 1a phan chia dong khi di qua thanh nhiéu
dong khi nho, nho d6 s& 1am giam dang ké tro lyc trong thiét bi phan ang so véi
truong hop st dung thiét bi dang 16p ¢ dinh vai cac hat vat liéu dang vién. Nhu
vay vat liéu monolith dy kién sé& c6 cau tao nhu sau:

- Chat nén: Dang vat lieu gém nay thuong dugc ché tao tur cordierit
(2Mg0.5Si0,.2Al,03) hoac silicon carbit (SiC), la cac loai vat liéu co nhiét
d6 nong chay cao, bén co, bén nhiét, kha ning chiu soc nhiét rat tét [85 -
87].

- Lép hoat tinh: duoc phi Ién trén khdi chat nén, gom mot 16p kém oxit va co
thé thém mat oxit caa kim loai khac c6 &i luc véi H,S (vi du: oxit Cu, Ni,
Fe, Mg hoic hén hgp cuaa ching).

Tuy nhién, monolith lai c6 dién tich bé mat riéng rét thap (duéi 0,7 m?/g) va
bé mat kha tro nén rat kho dé phan tan pha hoat tinh Ién trén thanh cua cac kénh.
Do dé, cac loai chat mang c6 dién tich bé mit riéng cao thudng dugc pha 18n trén
chat nén monolith dé khac phyc cac nhuoc diém nay. Trong cé4c loai chat mang, y-
Al,O3 duoc sir dung phé bién do dién tich bé mat riéng cao, d6 bén nhiét cao va
mao quan rong. Chat mang pha trén nén monolith can dam bao do bam dinh cao dé

c6 kha ning chiu dong khi c6 téc do cao, chiu sy thay doi nhiét do. Trén thé giai,
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dd c6 nhiéu cdng trinh nghién cau qué trinh pha chat mang 1én khung monolith
[85- 91, 110-112].
1.5. Két luan rat ra tir phan téng quan va dinh hwéng nghién ciu caa luan an
Trén co sé phan tich tong quan tai liéu cho thiy, ¢ nhiéu phwong phap dé xu
ly khi chtra H,S trong khi thai ciing nhu trong khi thién nhién va khi dau mo nhung
huong su dung chat rin lam chét hap thu loai bo khi H,S van la hwong duoc xem 14
c6 hiéu qua va duoc tng dung rong rai nhat 1a trong nganh loc hda dau va ché bién
khi. Dic biét khi yéu cau can xur Iy ham luong H,S xudng ngudng 1 ppm. Cac vat
licu hap thu hop chat luu huynh da dugc thuong mai hda nhung huéng nghién ciu
cai tién vat liéu nham tang hiéu qua hap thu, hiéu qua xt ly triét dé, hiu qua xir ly
dong thoi cac hop chat khac nhau van thu hit dugc sy quan tdm cia cac nha khoa
hoc trén thé gigi. Trong d6, oxit ZnO 1a ddi twong duoc tap trung nghién ciru nhiéu
nhat. Déi véi dang vat liéu hip thu trén co s& ZnO, cd thé nhan thiy, cac hudng
nghién ctu tap trung trén hai hudng chinh:

- Cai thién ban chdt pha hogt tinh: trén huéng di ndy, oxit ZnO duogc tap
chung nghién ctru véi muc tiéu ting cuong kha ning hap thu luu huynh, d6
bén pha trong diéu kién khic nghiét cua dong xu Iy (nhiét do cao, dong khi
c6 céc khi tap khac nhu H,, H,0, COy, ...). Qu4 trinh bién tinh nay chu yéu
théng qua viéc bd xung cac kim loai khac vao oxit ZnO nhu Ti, Cu, Fe, Mn,
Ce, ... dudi dang cac oxit hay cac pha oxit hon hop.

- Cadi thién tinh chat hinh thai pha hogt tinh: dé ting cuong sé tm hoat tinh,
cac nghién ctru da tién hanh tong hop oxit ZnO bang cac phuwong phap khac
nhau nham tang dién tinh bé mat riéng. Trén hudng di khéc, oxit ZnO dugc
tam trén cac chit mang c6 dién tich bé mat riéng 16n nhu SiO,, Al,Os,
MCM-41, SBA-15, ...
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Ddi voi cac nghién ciru trong nude, dd cd mot s cong trinh nghién cau ché
tao vat liéu ZnO tng dung cho tach loai lvu huynh, nhung phan 16n cac cong trinh
déu dung lai & cac thi nghiém co ban, c6 tinh thim do. Chua c6 cong trinh nao
nghién ctu mot cach cé hé thong va bai ban cong nghé tong hop vat liéu hip thu
cac hop chat luu huynh dé c6 kha ning trién khai &p dung trén thuc té, nhim thay
thé vat liéu nhap ngoai.

Ttr cac nhan dinh trén, ni dung luan an sé tap nghién ctiru ché tao vat liéu hap
thu cé kha nang xu ly sdu dugc khi H,S va khi COS trén co s¢ oxit ZnO. Nhu vay
vat liéu hap thu téng hop co dién tich bé mit riéng 16n, do x6p cao, co cau tric
nano dé giam hién tuong chat hap thu bi mat hoat tinh dot ngot. Ngoai ra, dé c6 thé
xtr 1y loai H,S dén nong d6 cuc thap, cac chat xuc tién 1a cac oxit kim loai c6 kha
nang xtc tac cho phan tng sulphua hoa oxit kém s& duoc bo xung. Luan an ciing
huéng téi viéc thiét ké chat hap thu c6 hoat tinh cao, cé thé 1am viéc ¢ ving nhiét
d6 thap (< 350°C) dé tiét kiem duoc nhiét lwong dan dén viéc lam tang duoc hiéu
qua qué trinh. Hon nita, trén dinh huéng ché tao vat liéu c6 kha ning Gng dung
trong céng nghiép, vat lidu hap thu trén co sé ZnO bién tinh s& duoc mang trén nén

g6m monolith va danh gia kha ning hap thu ciing nhu d6 bén cua hé thu duoc.
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CHUONG 2: THUC NGHIEM

2.1. NGHIEN CUU TONG HOQP VAT LIEU HAP THU H,S VA COS TREN
CO SO OXIT ZnO
Vit liéu nano ZnO va trén co s& nano ZnO tong hop trong luan an duoc mod

ta qua so do dudi day (hinh 2.1).

Phuong phap:
- Thuy nhiét,
két taa.

Ti I&, tién chit.

Tham sb:
- pH, nhiét do,

Pong két tia

Nano ZnO -
Al O,

Micro-nano
Zn0O

Déng két tua

Pong két tua

Nano
CuO- ZnO -
AlLO

Nano ZnO —
Al,O4/monolit

Micro-nano
Zn0O-CuO

Pong két tua

Micro-nano
Zn0O-CuO-
Fe,0,

Micro-nano
Zn0-CuO-
Fe,O4/monolit

Hinh 2.1. So' dd md ta cac dang vat liéu dwgc tong hep trén co sé ZnO
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2.1.1. Téng hop vat liéu ZnO nano
2.1.1.1. Nghién ciru tong hep vit ligu ZnO cé dp xop cao bang phwong phdp két
tinh thazy nhigét

ZnO duoc tong hop bing phuwong phap két tinh thay nhiét di tir cac tién chat
kém khac nhau. Na,CO; (99%, TQ) duoc sir dung lam chét diéu chinh pH.Trong
qué trinh phan ng, duy tri nhiét do, d6 pH va téc do khuay. Sau phan tng, hdn
hop dugc gia hda & 70°C trong 2h, loc rira va say ¢ 100°C, nung & 300°C trong 2h.

Anh huéng caa cac yéu té nhu ngudn nguyén liéu, nhiét dd phan wng, nong
d6 céac chat phan tng, toc do khudy, phuong phéap tong hop, ché do nung téi chat
lwgng san pham sé& lan luot dugc khao sat.
a. Khdo sat su anh hwéng ciia nguon nguyén liéu

Hai nguon nguyén liéu mudi kém khac nhau duoc sir dung dé tong hop ZnO
la Zn(NOs),.6H,0 (99%, TQ) va ZnCl, (99%, TQ). Ty 1¢ mol gitta mudi kém va
mudi Na,COs 12 1:1. Phan tmg duoc tién hanh & nhiét d6 80°C, toc do khudy 1a 100
vong/pht, ndng dd mudi kém va Na,COs 14 0,25M va git pH bang 7.
b. Khdo sat su anh huong cua nhiét do

Dé khao sat anh huong cua nhiét do phan ¢ng téi san pham tong hop, phan
tmg duoc tién hanh & cac nhiét do khac nhau: 50, 60, 70, 80 va 90°C, cac diéu kién
kh&c gitr nguyén.
C. Khdo sat sy anh hwong cia dé pH

Pé khao sat anh huong cua moi truong pH téi cac dac tinh san pham, phan
mg duogc tién hanh trong cac méi truong pH khac nhau la 7; 7,5; 8,5 va 11, céc
diéu kién khac giir nguyén.
d.  Khdo sat si dnh hwong cia nong dé cac chdt phan ing

Pé khao st anh huong ciia nong do cac chat phan tng tgi san pham tong hop,
phan tang dugc tién hanh ¢ cac dung dich mudi Zn(NO;), véi cac nong do khéac

nhau 12 0.1 M, 0.25 M, 0.5 M va 1 M, cac diéu kién con lai duoc giit nguyén.
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e. Khdo sét su anh hueng cua toc dé khudy

Dé khao sat anh hudéng cua téc d6 khudy toi san pham tong hop, phan ¢ng
duoc tién hanh véi viéc thay doi tbe do khuay 100, 200 va 300 vong/phut, cac diéu
kién con lai dugc gitr nguyén.
2.1.1.2. Nghién cizu téng hep ZnO bang phwong phdp két tia

Dung dich Zn(NOs), va dung dich Na,CO5 (véi ti 1é mol cua Zn** va COZ” la
1:1) dugc cho ddng thoi vao binh phan ¢ng c6 chira sdn 200mL nudc trong diéu
kién c6 khudy tron, ndng dd6 mudi Zn(NO3), va Na,COs: 0,25M va pH = 7. Phan
g két taa duoc thuc hién & nhiét d6 phong.
2.1.1.3. Tong hep hat nano ZnO bang phwong phdp két tinh thaizy nhiét trong
mai trwong axit

Tién hanh cho lan luot 1g k&m oxit kich ¢& micro va 50 ml H,0, 30% vao
trong lo teflon kin dung tich 100ml. Tién hanh phan ¢ng thay nhiét & 80 — 90°C
trong 3 gio. Chat ran thu dugc dugc loc rira vai lan bang bang nudc cat va con
tuyét ddi, sdy ¢ 60°C trong 6h, rdi nung & 300°C trong 2h.

Tién hanh khao sat anh huong cua cac yéu td: ngudn nguyén liéu, nhiét do
thay nhiét, pH, ty 1& cac chat phan ng, téc do khudy, ché d6 nung va phuong phap
téng hop.

a.  Anh hwrong cia nguon nguyén liéu
Hai ngudn kém khac nhau d duoc lya chon cho loai thuc nghiém nay:
- B6t ZnO ( hat, d<5 pm, Sigma — Aldrich) xuat xa My;
- B6t ZnO (99%, TQ) c6 xuat xt Trung Qudc.
b. Khao sat anh hwong cua nhiét do

Nhiét do phan ung gitra kém oxit va H,O, duoc khao sat trong khoang tir 25 -
90°C. Cu thé, hdn hop gdm k&m oxit va dung dich H,0, duoc khudy trong thoi
gian 3 gio tai cac khoang nhiét do 25°C, 50 — 60°C va 80 — 90°C.

C. Khao sat anh hwong cua pH
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Tién hanh khao sat anh huong cia do pH cua moéi truong dén chét lugng san
pham tai cac diém cd gia tri pH 12 6 va 8.
- Piém pH = 6: chinh 1a d6 pH cua dung dich H,0, 30%;
- Diém pH = 8: thu duoc bang cach thém maot lugng nhé dung dich NaOH
1M.
Tién hanh khudy tron bot kém oxit véi dung dich c6 pH bing 6 va 8 trong
thoi gian 3 gio tai 80 — 90°C.
d. Khdo sat anh hirong cua ty 1é cac chat phan ing (ty 1é ZnO/H,0,)
Tién hanh thyc nghiém véi cac ty Ié ZnO/H,0, thay d6i nhu sau:
- 0,59 2Zn0/50 ml H,0,;
- 1,09 Zn0O/50 ml H,0,;
- 5,09 2Zn0O/50 ml H,0..
e. Khdo sat dnh hurong cua toc dé khudy
Toc d6 khuay tron dugc khao sat o cac gia tri 100 vong/phdt, 400 vong/phut
va 700 vong/phut.
2.1.1.4. Téng hep éng nano ZnO bang phwong phdp thiy nhiét trong mdi
trwong axit
Tién hanh cho lan luot 1g k&m oxit kich ¢& micro va 50 ml H,0, 30% vao
trong lo teflon kin dung tich 100ml. Tién hanh phan wng thuy nhiét & 180°C trong
24h. Chat ran thu dugc duoc loc rira vai 1an bang bing nudc cit va con tuyét dbi,
sdy & 60°C trong 6h, rdi nung ¢ 300°C trong 2h.
2.1.1.5. Tong hep hat nano ZnO bang phwong phdp két tinh thiy nhigt trong
méi trwomg kiém
Hoa tan NaOH rian vao 100 ml etanol tinh khiét sau d6 tron voi mot lwong
thich hop bot ZnO kich ¢& micro. Tat ca hdn hop duoc dua vao autoclave va tién
hanh phan ung thay nhiét tai 150°C trong 24 gio. Loc rira ki chat rin bang nudc
cét rdi sy tai 120°C dén khéi luong khong dbi.
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2.1.2. Tong hep nano-micro ZnO
Qui trinh ché tao ZnO nano/ZnO micro dién hinh dugc trinh bay duéi day:

- Chuan bi dung dich mudi Zn(NO3), 0,1M va dung dich Na,CO;3 0,1 M. Cho
ZnO thuong mai vao nude, khudy 30 phut dé tao huyén phu ZnO. Gia nhiét
hé huyén phu dén 80°C;

- Sau d6 tién hanh nho dong thoi dung dich k&m nitrat va Na,COj vao hé véi
téc d6 nho 6mL/phut, diéu chinh pH & 7, téc d6 khuay 100 vong/phut, giir
nhiét do ¢ 80°C;

- Két thuc qua trinh nho giot, gia hoa hdn hop ¢ 70°C trong 2h;

- Loc rira, sdy & 110°C trong 12h, nung & 300°C trong 2h.

Céc tham s6 co thé thay doi dé kha sat.
2.1.3. Tong hep vat liéu ZnO/ALLO;

2.1.3.1. Tong hop vit liéu ZnOIAlL,O; theo phwong phdp tdm hydroxit nhdm 1én
muéi kém
Trén co s& quy trinh tong hop ZnO c6 dién tich bé mat riéng cao dé tong hop
vat liéu ZnO/Al,Os. Quy trinh dugc tién hanh nhu sau:

- Lan luot két tua hydroxycachonat kém va hydroxit nhom, sau do, tron déu
hai két taa va tién hanh gia hoa o nhiét do 80°C trong 2h, siy ¢ 100°C va
nung & 350°C trong 2h;

- Phan &ng két taa dugc tién hanh trong cac diéu kién: Nhiét d6 phan ang la
80°C, toc do khudy 1a 100 vong/phut, pH = 7.

2.1.3.2. Téng hop vit liéu ZnOIA,O; theo phwong phdp dong két tiia 2 muéi

Hai mubdi Zn(NO3), va AI(NO3); (99%, TQ) véi lugng thich hop dugc hoa tan
trong nudc cat va dong thai nho giot cling véi dung dich Na,CO4 vao nudc cat ¢
nhiét ¢ nhiét d6 va toc do khuay khong d6i. Gia hda ¢ 80°C trong 2 gio. Sau d6
hén hop duoc loc rira ky. Say kho ¢ 100°C sau d6 nung & 350°C trong 2h.
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Thuc nghiém duoc tién hanh véi viéc khao sat anh huéng cua cac yéu té:
phuong phap tong hop, nhiét d6, do pH, ndng do cac chat phan ung, toc do khudy,
ché do nung.

a. Khdo sat anh huong cua nhiét do
Tién hanh khao sat anh huéng cua nhiét d6 phan ung dén san pham tai cac
nhiét do 30°C, 50°C, 70 va 90°C.
b. Khao sat anh hwong cua pH

Tién hanh khao sat anh huong cia d6 pH ciia méi truong dén chét luong san
pham tai cac diém c6 gia tri pH 127, 9 va 11.

c. Khdo sat anh hweng cia nong dé cac chat phan ing

Tién hanh thuc nghiém véi viéc thay doi ham luong cia nhém oxit trong mau
bién tinh tai cac gia tri: 2%, 4%, 6%, 8%, 10% va 12% (khéi luong).

d. Ché dg nung thich hop

Ché d6 nung thich hop ctia mau thu dugc dugce xac dinh nhu sau: sau khi loc
rira va sy kho tai & 100°C trong 6h, tién hanh phép phan tich nhiét TG — DTA.
Thuc nghiém do duoc tién hanh véi cac didu kién: tir 25 — 600°C, trong mdi trudng
khong khi, tbc do gia nhiét 5°C/phut.

2.1.4. Bién tinh ZnO/Al,O; bang CuO
2.1.4.1. Téng hop vt ligu truc tiép tir muéi nitrat

Nho tir tir va dong thoi dung dich mudi Na,CO3 0,5M va dung dich hdn hop
cia 3 mudi Cu(NO3), (99%, TQ), AI(NO3);, Zn(NO3), vao céc dung sin nudc.
Phan tng duoc duy tri ¢ 80°C, pH = 7, téc d6 nho giot 12 9 ml/phat. HAn hop sau
nhé giot dugc gia héa ¢ 70°C trong 3h. Chat ran duogc loc rira vai lan bang nuéc va
sdy ¢ 100°C trong 6h, nung & 350°C trong 2h.

Ham luong theo tinh todn cua CuO trong mau bién tinh duoc dua ra trong
bang 2.1.
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Bang 2.1. Ham lwgng CuO trong mau bién tinh CuO-ZnO/Al,O;

Ki hiéu mau Ham lwgng CuO, %kl
CT-CZA-01 4,3
CT-CZA-03 5,6
CT-CZA-04 8,2
CT-CZA-05 11,3
CT-CZA-06 15,0
CT-CZA-07 22,5

2.1.4.2. Piéu ché vit liéu qua giai doan tao cacbonat trung gian
Quaé trinh bién tinh ZnO/Al,O3 bang CuO duoc tién hanh nhu sau: Két taa cua

hén hop ddng oxit va kém oxit vai ti 16 khéi lugng ctia CuO/ZnO 1a 1/7 duoc tong
hop nhu quy trinh da néu & muc 2.2.3.2; va két taa Al(OH); duoc tong hop bang
cach thém dung dich AI(NO3); 1,0M vao dung dich Na,CO3 1,0M duoc nho dong
thoi vao 50 ml nudc cat ¢ 40°C dudi diéu kién co khudy tron, pH duoc gitr khdng
d6i bang 7. Sau d6, hai két tua thu dugc dugc tron vao nhau va gia hoa ¢ 80°C,
khuay 100 vong/phut trong cac thoi gian khac nhau 1h, 2h va 3h. Két taa thu dugc
duoc loc rira vai 1an bang nudc cat dé loai hét Na*, say ¢ 100°C trong 6h va nung &
350°C trong 3 h.
2.1.5. Bién tinh micro-nano ZnO bang CuO, Fe,05
2.15.1. Vatliéu té hop Fe,04 va composit micro-nano ZnO
Vit lidu t6 hop trén co sé Fe,03 va composit micro-nano ZnO dugc tong

hop theo hai phuong phép khac nhau bao gom:
+ Phuong phap I: Két tua st trong huyén phd micro-nano ZnO

Can 9,5g composite micro-nano ZnO da say khd ¢ 80°C trong 6h, phan tan
déu vao 100ml H,0 trong khoang 30 phit & nhiét dé phong. Tién hanh nho giot
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62,5ml dung dich Fe(NO3); 0,1M Vi toc d6 2ml/phdt, nhiét 6 dwogc gitt on dinh
trong sudt qué trinh tam, khudy déu hdn hop. Sau khi két thdc nhé giot, tiép tuc
khuay hdn hop trong 30 pht tiép theo. Sau d6 loc hdn hop huyén phi tam, san
pham thu duoc dem sdy khd & nhiét 6 40°C trong 12h. Nung san pham thu duoc
& nhiét do 350°C trong 2h, téc do gia nhiét 1°C/ phat. C6 thé l3p lai qué trinh tam
mot vai lan dé ting ham luong cua oxit sat 1én trén hdn hop.
+ Phuong phap II: Bong két tua sat va kém trong huyén phti ZnO micro

Can 10g micro ZnO, phan tan déu vao trong 300ml nudc cat, khuiy va gia
nhiét hdn hop dén 70°C. Chuan bi dung dich hn hop Zn(NOs), 0,1M, Fe(NO,)s
0,1M va dung dich Na,CO3 0,1M. Tién hanh nhé giot déng thoi dung dich Na,CO;
0,1M va dung dich hdn hop mudi Zn(NOs), 0,1M va Fe(NOs); 0,1M vao huyén
phll ZnO véi tde 6 nho giot 3ml/phit. Nhiét do trong qua trinh phan tng duoc giir
& 70°C khuay manh. H3n hop dugc khudy tron déu thém 30 phit sau khi da phan
ing xong. Gia hda & 70°C trong 2h, loc rira hdn hop, san pham thu duoc dem siy
kho & 80°C trong 6h. Nung & 300°C dé thu hdn hop oxit kim loai.

Anh huong cua ty I& cac chat phan wang trong qua trinh tong hop vat liéu
cling duogc nghién ctu.
2.1.5.2. Vgt liéu té hgp CuO, Fe,03 va composit micro-nano ZnO

Vit liéu hap thu to hop trén co so Fe,O53 va composit micro-nano ZnO dugc
bién tinh tiép bang CuO, vdi cac ti I (1, 4, 5, 7% kl), . Qua trinh bién tinh bing
CuO duoc tién hanh nhu sau: can chinh xac Fe(NO3);.9H,0, Cu(NO;),.3H,0,
Zn(NO3),.6H,0 theo ti 1é tinh toan truéc, hoa véi 500ml nudc cat. Na,COs
duoc hoa tan véi 500ml nudc cat thu dugce dung dich Na,COs.

Hai dung dich duoc dwa tir tir vao dung dich chira sin 159 ZnO dang
micro da phan tan déu. Hn hop duoc khay déu & 70 - 80°C va giit & pH bang 7.
Gia hoa ¢ nhiét @6 70°C trong 2h rdi dem loc rira lai 3 1an bang 500 ml nuéc néng

& 70 °C. Sau d6, siy & 70°C trong 8h. Mau dwoc nghién thé trude khi nung &
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400°C. Téc d6 gia nhiét 1°C/ pht.

Quaé trinh bién tinh bang y-Al,03 duoc tién hanh twong tu nhu trén véi tién
chat mudi nhdm 1a AI(NO3)3.9H,0.
+ Khao sat anh huéng cia ham luong chat bién tinh dén vat liéu hip thu

Chat bién tinh CuO duogc khao sat thay d6i ham luong 1%; 2%; 3%:; 5%:; 7%.
+ Khao sat anh huong cua phuong phap bién tinh dén vat liéu hap thu

Qua trinh khao sat ham luong chat bién tinh duoc thuc hién déng thoi véi
phuong phap tron két tia mai sinh dé tim ra phuong phép bién tinh thich hop.
2.1.6. Nghién ctru tao vién héap thu trén co sé nano ZnO

Pé dua ra cac ung dung cong nghiép, cac pha hap thu thuong dugc tao hat

hay mang trén cac nén d& 14 gbm monolit. Trong cong nghiép hinh thai caa ZnO c6
thé lya chon & céc dang hinh cau, hinh try. Tuy nhién, cac cong nghé xu Iy khi pho
bién nhét hién nay (4p dung trén thé gigi va tai Viét Nam) déu sir dung vat liéu
ZnO dang hinh try. Vi vay, phuong phap tao hat hinh tru theo céng nghé ép dun

duoc lya chon. Qua trinh tao hat dugc thé hién trén so d6 sau:

Tién chat kém

A 4
Phdi tron

A

A 4
(:4
A 4

Ep dun tao vién

Chét két dinh v
Xt ly sau tao vién

\ 4

Vién ZnO thanh pham

Hinh 2.2. So' d6 c6ng nghé tao vién ZnO hinh tru bing phwong phép ép dun
Qua cac nghién ctru so bo, chat két dinh NaOH riéng 1é cho do két dinh hat
tét, trong khi NH,OH riéng ¢ tao ra d6 x&p hon. Vi vay, hdn hop chit két dinh
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NaOH va NH40H duoc lya chon. Tir cac két qua so b (khong trinh bay ¢ day) ti
I& chét két dinh tdi wu 13 0,05% Na va 2% NH4OH. Tién chit ZnO Ia; nano ZnO
nano flower ZnO, nano-micro ZnO micro, ZnO-Al,05/ZnOmicro.

2.1.7. Pha vat liéu Ién chat nén

Chat nén monolith duoc dung trong cac nghién ctu nay la dang monolith
thuwong mai, 200 scpi (200 square cells per inch?, Han Quéc), c6 kich thuéc 3cm x
3cm x 3 cm.

Do c6 dién tich bé mt riéng 16n, y-Al,O5 di duoc lya chon la chat mang cho
pha hoat tinh ZnO trong c4c nghién ctru nay. Ham luong chat mang duogc xac dinh
bang hiéu sé khéi luong cua khéi monolith trude, sau khi pha chat mang. Bé mat
I6p phii duoc xac dinh bang phuong phap Kinh hién vi dién tir truyén qua (SEM)
trén may Microscope S - 4800 tai Vién Vé sinh dich té Trung wong.
2.1.7.1. Pha chdt mang 1én monolith bang phwong phdp nhiing trong sol

Sol ciia nhém dugc tong hop tir nhdém-isopropoxit theo quy trinh da dugc mo
ta trong tai lieu [89]. Sau khi téng hop dugc sol nhdm, chat nén monolith duoc
nhing vao sol trong khoang 10-15 phut dé toan bo bé mit cua monolith dugc tham
wdt va dong thoi dudi hét bot khi trong cac kénh caa monolith ra ngoai. Nhac khéi
monolith ra khoi sol. Loai bo lugng sol nhdm du ra khoi cac kénh cua monolith
bang dong khi nén, siy khd mau ¢ nhiét o 40°C, thoi gian 8h. Lap lai qué trinh
phu dén khi dat duoc lwong chit mang trén chat nén nhu mong mudn.Lam kho
mau monolith sau 1an nhing cudi cung & 40°C, thoi gian 24h. Sau d6, mau duoc
nung & 500°C trong 2h, toc do gia nhiét 1°C/phuit.
2.1.7.2. Phai chdt mang 1én monolith bang phwong phdp nhiing trong huyén phu

Huyén phu cta boehmit duoc tao ra bang cach hoa tan 1,5 gam chét két dinh
vao 78,5 g nudc cat sau d6 thém 20g boehmit, khudy déu & nhiét o 60°C trong 2h.

Chat két dinh hiru co duoc ding véi ham luong thich hop dé diéu chinh d6 nhot va
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kha ning bam dinh cta chat mang trén bé mat chat nén.Qua trinh phu duoc tién

hanh twong ty nhw qua trinh phi bang phuong phap nhung trong sol.

2.1.7.3. Phai chat mang 1&n monolith bang phwong phdp nhiing trong hén hep
huyén pht va sol

Dung dich phu & ddy 13 hon hop caa huyén pha boehmit va sol nhém. Huyén
phl ctia boehmit duoc tao ra twong tu qui trinh da néu & muyc 2.1.4.2, tuy nhién,
chat két dinh 1a sol nhém. Sol nhdém va huyén phi cta boehmit duoc tao ra tuong
tu qui trinh d3 néu & muc 2.1.4.1. Qu4 trinh pha duoc tién hanh tuong ty nhu qua
trinh phu bang phuong phap nhiing trong sol.
2.1.7.4. Pdnh gid dé bén bam dinh czia chdt mang trén nén monolith

Do bén bam dinh cua chat mang trén nén monolith duoc danh gia bang céch
xéac dinh phan khéi luong bi mat di sau qua trinh rung siéu &m mau monolith trong
nudc Vai thoi gian 20 phat, trén may D78224 Singen/Htw, S30H Elmasonic, cong
suat 180W cuaa Phong thi nghiém trong diém Cong nghé loc, hoa dau.
2.1.7.5. Nghién ciru qua trinh pha don lop
a. Phwong phap thi nhit:

Monolith da phu chat mang y-Al,O3 (ham luong y-Al,O5 dat 21,4%) dwoc
ngam trong dung dich mudi kem nitrat 0,05 M, thoi gian 30 phut. Ly mau kh oi
dung dich, dé rao roi sdy & 40°C dén khoé. Lap lai qua trinh nhi éu lan dén khi dat
dugce ham luong pha hoat tinh nhu mong muén (trich mau, nung dé chuyén dang
mubi k&m thanh oxit k&m va kiém tra ham luong oxit kém). Nung mau o 550°C
trong 4h voi toc do gia nhjét 0,5 °C/phut.

b. Phwong phap thir hai:

Tién hanh giéng cach thtr nhat nhung tién hanh nung mau sau mdi lan nhing.

Ham luong Al, Zn trong monolith trwoc va sau khi phu chat mang, trudc va sau khi

phan tan pha hoat tinh duoc xac dinh bang phuong phap phap chuan d6 (voi Al) va
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phuong phap pho hap thu nguyén tu AAS  (voi Zn) tai Vién Héa Hoc , Vién Han
1am Khoa hoc va Cong nghé Viét Nam.

2.2. CAC PHUONG PHAP PAC TRUNG TINH CHAT HOA LY [92, 93]
2.2.1. Phuwong phap nhiéu xa tia X (XRD)

Nguyén ly: Phuong phap nhiéu xa tia X cung cap truc tiép nhitng thdng tin vé
cau trdc tinh thé, thanh phan pha va kich thuéc trung binh cta cac hat so cap.
Nguyén ly chung ciia phuong phéap nhiéu xa tia X 1a dya vao vi tri va cuong do cac
vach nhiu xa trén gian d6 ghi duoc cua mau dé xac dinh thanh phan pha, cac
thong s6 mang ludi tinh thé, khoang cach gitra cac mat phan xa trong tinh thé. Xét
hai mat phang song song lién tiép nhau | va 11 c6 khoang cach d (hinh 2.3). Chiéu
chum tia Rongen tao v&i cac mat phang trén mot goc 0. Bé céc tia phan xa co thé

giao thoa thi hiéu quang trinh caa hai tia 11 va 22’ phai bang s6 nguyén lan budc

song A.
AB + AC =n\

Hay 2dsin@=nA

Day la phuong trinh Bragg.
2 2
1 1

N Dose ST
I 4 AY d
B C

I A

Hinh 2.3. Sw phan xa trén bé mat tinh thé
Duya vao gia tri ban chiéu rong cua pick dic trung trén gian d6 nhiéu xa ngudoi
ta c6 thé tinh duoc kich thudce trung binh cua cac hat tinh thé (hat so cap) theo cong
thac Scherrer.
Thuc nghiém: Thanh phan ciu tric mang tinh thé cua chat hap phu-xuc tac

duoc do trén mdy nhiéu xa tia X (D8 Advance- Brucker (Duc), tai Phong thi
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nghiém loc hoa dau va vat liéu xdc tac, Dai hoc Bach khoa Ha Noi, véi buc xa
CuKa c6 A=0,154056 nm.
2.2. Phwong phap kinh hién vi dién tir truyén qua, TEM

Nguyén ly: Hinh 2.4 dwa ra so d6 nguyén ly hoat dong cua kinh hién vi dién
tir truyén qua.

Nouon electron

electron
prhan xa
mau

electron
tuyen qua
i

Hinh anh

Hinh 2.4. Kinh hién vi dién tir truyén qua (TEM)

Phuong phap TEM st dung chum tia dién tir dé tao anh caa mau nghién cuau,
anh d6 khi dén man huynh quang sé& dat d6 phong dai theo yéu cau.

Chum tia dién tuor dugc tao ra tur catot qua 2 tu quang dién s€ duoc hoi tu Ién
mau nghién ciru. Khi chum dién tir dap vao mau, mot phan chum dién tir s& truyén
qua mau. Cac dién tir truyén qua nay duoc di qua dién thé gia téc vao phan thu va
bién d6i thanh mét tin hiéu anh sang, tin hiéu dugc khuéch dai, dua vao mang luégi
diéu khién tao d6 sang trén man anh. Do sang téi trén man anh phu thudc vao
luong dién tir phat ra téi bo thu va phu thuoc vao hinh dang bé mat mau nghién
cuu.

Thuc nghiém: Cau trdc té vi cua vat liéu, xac dinh bang phuong phap TEM

duoc do trén mdy Philips Tecnai 10 microscope, Vién Vé sinh dich t& Trung uong.
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2.2.3. Phwong phap hién vi dién tir quét, SEM

Kinh hién vi dién tir quét (Scanning Electron Microscope -SEM) 1a mét loai
kinh hién vi dién tir ¢6 thé tao ra anh v&i do phan giai cao cua bé mat mau vat bé“mg
cach sir dung mot chum dién tir (chum cac electron) hep quét trén bé mit mau.

Nguyén tic cua phuong phap 1a dung chum dién tor dé tao anh ctia miu
nghién ctru, anh d6 khi dén huynh quang c6 thé dat do phong dai 1én rat 16n dén
hang nghin, hang chyc nghin 1an.Chum dién tir duoc tao ra tir catot qua hai tu
quang s& duoc hodi tu 1én mau nghién ctru. Chum dién tir dap vao mau nghién ciu
phat ra cac dién tir phan xa th cip sau d6 bién d6i thanh tin hiéu sang, duoc
khuéch dai dua vao mang ludi diéu khién tao do sang trén man hinh. Mdi diém trén
mau nghién ctu cho mot diém sang trén man hinh. Do sang t6i cua diém dé phu
thudc vao lugng tir thir cép phat ra va su khuyét tat bé mat cua cac hat vat chat.
Dic biét néu sir dung su hoi tu ctia cac chum tia nén cho phép co thé nghién ciru ca
phan bén trong clia vat chat.

Thwe nghiém: Cac miu duoc chup anh trén may Field Emission Scaning
Electron Microscope S - 4800 tai Vién Vé sinh dich té Trung wong.
2.2.4. Phwong phap dang nhiét hap phu - giai hap phu (BET)

Phuong phap xac dinh dién tich bé mit cia cac vat lidu ran dua trén gia
thuyét ctia Brunauer-Emmett-Teller va phuong trinh mang tén tac gia nay (phuong
trinh BET. Phuong trinh nay dugc st dung rong rai dé xé4c dinh dién tich bé mat

vat li€u ran:

1 1 C-1( P < 1 C-1 P
= + — | hoac = + —
W[(P,/P)-1] W, C W.C\P, V[(R,/P)-1] V.C V.C|P
Trong do: W 1a lugng khi bi hép phu tai ap suét tuong ddi P/Py, hodc V 1a
thé tich chét bi hip phu & ap suit twong dbi P/P, tinh bang cm®
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Wi, 13 Iuong khi bi hap phu tao nén mot don 16p trén bé mit vat liéu ran
hodc Vp, 1a thé tich 16p hip phu don phan tir trén toan bo bé mit S tinh bang
cm’

C 1a hing s6 BET, lién quan dén ning lugng hip phu trong don 16p hip phu
dau tién va két qua 1a gia tri d6 dugc dua ra kha ning twong tac qua lai gitra
chat hap phy va chat bi hap phu.

Doi véi phan 16n chat ran, khi ding nito 1am khi bi hap phy thi phwong trinh
BET cho ta do thi biéu dién su phu thudc cta 1/[W(Py/P) — 1] theo P/Py c6 dang
tuyén tinh trong ving giéi han dang nhiét hip phu — thong thudng trong ving nay
P/Py = 0,05 - 0,35 (hinh 2.5).

W E, —F) o

*PP,

Hinh 2.5. Sw phu thudc ciia ———— theo P/P,
W(R, ~P)

Puong phu thudc thuc nghiém nay cho phép xac dinh hé sé goc (C-1)/W,C
va tung d6 gbc 1/W,,C. Tir d6 xac dinh Wi, va suy ra Sger .

Thye nghi¢m: Dién tich bé mit riéng tinh theo phuong trinh BET cua c4 chat
hap phy-xuc tic dugc xac dinh bang may BET 201-A, cta phong Thi nghiém
Trong diém Cong nghé loc, hoa dau.

2.2.5. Cac phuwong phap phan tich nhiét

Nguyén ly: Phuong phap phéan tich nhiét ciing 1a mét trong nhirng phuong

phap hoa 1y thudong dugc dung dé phan tich ciu trdc cua vat liéu, cung cip cho ta

nhitng thong tin vé tinh chat nhiét cua vat liéu. Muc dich cua phuong phap phan
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tich nhiét 1a dwa vao hiéu ¢ng nhiét dé cé thé nghién cau nhitng qua trinh phat sinh

khi dun néng hoic lam nguoi chat.

Trén gian ¢ phan tich nhiét co cac duong co ban sau:

DPuong T: ghi lai sy bién ddi don thuan vé nhiét do ciia mau theo thoi gian.
N6 cho biét nhiét 6 xay ra su bién ddi cua mau.

Puong TG: cho biét bién thién khdi luong cua mau trong qué trinh nung
noéng. N6 cho phép xac dinh su thay doi thanh phan ciia mau khi xay ra hiéu
ung nhiét.

Puong DTG: ghi lai dao ham su thay d6i khéi lwgng ctia mau theo nhiét do.
Dién tich giGi han cua cac pic d6 1a ti 1é su thay ddi khdi luong cia mau.
DTA: ghi lai dao ham cua su bién doi nhiét do cua mau theo thoi gian so voi
mau chuan nhd dé ta xac dinh duoc cac hiéu ung nhiét xay ra I toa nhiét
hay thu nhiét.

Puong DrTGA: ghi lai toc d6 mat khdi luong cua mau trong qué trinh nung
néng. Cho phép xac dinh chinh xéc thoi diém két thic hiéu tng lam thay doi
khoi luong va thoi diém khdi luong bién thién manh nhét.

Thong thuong nguoi ta quan tdm téi 2 duong cong quan trong la DTA va

TGA.Duong DTA cho biét sy xuat hién caa cac hiéu ang nhiét, duong TGA cho

biét bién thién khdi lugng mau trong qué trinh gia nhiét. Mdi qua trinh bién doi hoa

hoc nhu cac phan tng pha ran, sy phan hiy mau hay cac bién ddi vat Iy nhu su

chuyén pha déu c6 mot hiéu tng nhiét twong ung. Nho duong DTA ching ta c6 thé

biét dugc khi ndo co hiéu wng thu nhiét va hiéu tng toa nhiét. Cac qua trinh trén

c6 thé kém theo sy thay do6i khdi lugng ciia mau nghién ctu, vi du qua trinh thing

hoa bay hoi hay cac phan ¢ng phan huy, hoic khong di kém voi su thay doi khoi

luong ctia mau nhu qué trinh chuyén pha, pha vé mang tinh thé, ... Vi vay, két hop

cac dir lidu thu dugc tir 2 duong TGA va DTA ta c6 thé biét dugc céc tinh chit

nhiét cia mau. Dya vao viéc tinh todn cac hiéu tng mat khéi luong va céc hiéu

63



g nhiét twong ttng ma ta c6 thé dy doan dugc cac giai doan co ban xay ra trong

qua trinh phan hay nhiét cia mau.

Thuc nghiém: Gian d6 phan tich nhiét cia cac mau vat liéu duoc do trén may

Diamond TG/DTA Perkin Elmer cia Nhat caa Phong thi nghiém trong diém cong

nghé loc hoa dau.
2.3. PANH GIA KHA NANG HAP THU CUA VAT LIEU

Thuc nghiém danh gia kha nang hép thu, d6 bén hoat tinh cua vat liéu, kha

nang tai sinh va tai sir dung vat liéu dugc tién hanh trén hé thiét bi vi dong lién tuc,

16p vat liéu c6 dinh, ¢ 4p suat thuong nhu mo ta trong hinh 2.6. Thuc nghiém dién

hinh duoc tién hanh nhu sau:

Mot lugng chat hap thu thich hop, thudng tir 3 - 5 g dbi véi vat liéu cd hat
microva 0,3 g ddi voi vat liéu c& hat nano (xép hon nhiéu so véi vat liéu c&
hat micro) dugc nap vao dng phan tng hinh chit U bang thach anh;

Gia nhiét 6ng phan tng trong 16 dng dén nhiét ¢ hap thu thich hop va giit ¢
nhiét d6 d6 trong dong khong khi trong 2h. Ngung cip khong khi va sir
dung dong N, dé dudi khong khi. Sau dé, thay dong N, bang dong khi chua
H,S/N,. Tuy theo thuc nghiém ma ham luwong H,S trong N, co thé thay doi
hoic 5% H,S/N, hoic 25 ppm H,S trong N,. Thoi gian hap thu duoc tinh tir
lac cho dong hdn hop di qua chat hip thu;

Trude khi két thic phan Gng, thay thé dong H,S/N, bang dong N, dé dudi
hét khi H,S. Lam nguoi chat hap thu dén nhiét d6 phong, thu héi nd va xac
dinh ham luong luu huynh trén chat hip thu theo tiéu chuan Viét Nam
TCVN 175:1995;

Khi ra khoi 6ng phan tmg con chira H,S s& dugc dwa qua hé thdng hip thu
chira dung dich NaOH 40 % dé hap thu hét H,S trudc khi xa ra méi truong;
Dung cu canh béo su ro ri ciia H,S duroc gan gan dau ra ciia ong phan tmg

dé dam bao an toan cho qua trinh van hanh hé thiét bi.
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Truong hop khao sat kha nang xir Iy COS tién hanh trén miu vt liéu ZnO-
Al,O3, trén cung hé hép thu H,S, véi céc diéu kién duoc tién hanh nhu sau:

- Nhiét do: 220°C;

- Tbc dd dong khi 3 I/h;

- Ham luong COS trong hon hgp N, va hoi nuée = 25 ppm.

Hinh 2.6. H¢ thiét bi va so d6 nguyén Iy hé thong hip thu H,S
1 - Bom khi H,SIN, (ham lirong H,S: 1% theo thé tich) ; 2 - Van khoa;

3 - Luu luong ké: 4-L0 gia nhiét; 5-Lop chat hcfp thu ¢é dinh ;
6 — Ong hdp thu; 7 - Binh NaOH 40% hdp thu khi H,S dw; 8 - Pdu xa khi.

Céc thuc nghiém nghién cau qué trinh hap thu & diéu kién gan vai thyc té (ap
suat cao) trén hé thiét bi micro-pilot ciia Phong thi nghiém trong diém cong nghé
loc héa dau (xuit xi Cong hoa Phap). Nguyén 1y va cac budc thuc nghiém la
tuong tu nhu trén nhung hé thiét bi duogc thiét ké dé c6 kha ning chiu &p cao va cé
thé van hanh hoan toan tu dong, diéu khién bang phan mém (hinh 2.7). Ngoai ra,
mot s6 thi nghiém duoc tién hanh trén hé thiét bi cua Vién Nghién ciru qua trinh
Xuc tac va Mai truong, Cong hoa Phap dé ching minh db tin ciy cua qua trinh thu

nghiém tai Viét Nam (chi c6 tinh ddi chung).
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Hinh 2.7. Hé thiét bi cao 4p
Ham lugng luu huynh dugc do trén may do Luu huynh va cacbon, Model CS-
MAT 5500 cua IRCELyon, Vién Nghién ctru qua trinh Xuc tac va Moi truong,
Cong hoa Phéap (hinh 2.8).

Hinh 2.8. Thiét bi do ham lweng luu huynh
Dbi vai mot sé danh gia kha nang hap thu caa vat lidu & nhiét do thuong thi bo
nong do H.,S dau ra duoc xac dinh bang céc kit thir H,S cua hing GASTEC, Nhat
Ban, c6 gidi han phat hién H,S trong khoang 0,1-4 ppm.
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CHUONG 3: KET QUA VA THAO LUAN

3.1. Nghién ciu téng hop oxit ZnO nano

Nhu di trinh bay trong phan tdng quan, vat liéu hap thu H,S va COS la vat
liéu trén co sé ZnO ciing nhu bién tinh véi cac oxit. Tuy nhién, trude khi tién hanh
nghién ctru didu ché vat lidu nay, vat liu ZnO c6 kha niang hap thu H,S cao duoc
tién hanh nghién ciru diéu ché. Trén co sd két qua thu dugc, nghién ctu dicu ché
vat ligu hap thu HyS va COS trén co sé ZnO bién tinh véi Al 03, CuO va Fe,0s.
3.1.1. Nghién ctru téng hop oxit ZnO nano tir tién chat mudi kém
3.1.1.1. Khdo sat anh hwéng ciia phwong phdp tong hop
a. Phwong phdp két tia

Hinh 3.1 dua ra gian d6 XRD cua mau san pham ZnO tong hop bang phuong
phap két taa.

Lin (Counts)

2-Theta - Scale
0.011° - Step time: 18.9 5 - Ter

mp. 0om) - Time Starte

1000 L
B 2 A
o T T T T T T T T T T T 1
2 2 ® s o By s
0121 2/Th locked - Star 25 °C (Room) - Time Started: 10 s - 2-Thetas 10,000 * - Theta: 5.000 * - Chi: 0.00
5: Smooth o port
24 (R - Zincte, sy - 20O - ¥: 94,05 % - d x

by: 1. - WL: 1.5406 - Hexagonal - a 3.24940 - b 3.24940 - ¢ 5.20380 - alpha 90.000 - beta 90.000 - gamma 120.000 - Primitive - P63mc (186) - 2 - 4

Hinh 3.1. Gian dé XRD ciia miu san pham diéu ché bang phwong phap két
tua
Két qua trén hinh 3.10, cho thdy gian d6 XRD ctia san pham thu duoc c6 cac
pic dic trung véi cudng do rat cao hoan toan trung khit v6i cac pic ctia ZnO pha

wurtzite trong ph6 chuin va khong xuét hién pha tinh thé cta 2ZnCO3. 3Zn(OH),.
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Phé c6 duong nén thip chimg to san pham c6 d6 két tinh kha cao. Tuy nhién, dién
tich b& mat riéng ctia ZnO thu duoc & kha thip, Sger = 25,6 m/g.
b. Phuwong phdp két tinh thiy nhiét

San pham trung gian trudc khi nung va san pham sau khi nung duoc dic trung

cAu tréc tinh thé thong qua gian dd XRD (hinh 3.11 va hinh 3.12).

Hinh 3.2. Gian @6 XRD ciia san pham trung gian sau két tinh thity nhiét

Lin (Cps)

2-Theta - Scale
- Step: 0.011 * - Step time: 18.9 s - Tem,

Hinh 3.3. Gian dé XRD ciia ZnO diéu ché biang phwong phap két tinh thiay
nhiét
Két qua trén hinh 3.2 cho thay san pham trung gian tao thanh c6 cau trdc tinh
thé ung vai 2ZnC0O3. 3Zn(OH), véi do triing khit so véi phd chuan 1a khé cao.
Két qua trén hinh 3.3 cho thay, gian ¢ XRD cua san pham ZnO (san pham
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trung gian sau khi dugc xir Iy nhiét) ¢ pic dic trung tring véi phd chuan cuaa ZnO
wurzite, khdng con thiy su xuat hién cua pha tinh thé caa 2ZnCO3. 3Zn(OH),.

Két qua do dién tich bé mat riéng cua san pham ZnO thu dugc 12 rit cao Sger
= 71,9 m%g. Két qua nay c6 thé duoc giai thich 13 do méi truong nude dugc gia
nhiét & nhiét d6 thich hop 1am cho qué trinh két tinh xay ra tét hon, san pham hinh
thanh 6n dinh it bi két ty.

So sanh hai phuong phap cho thdy phuong phap két tinh thuy nhiét mac du
tén thém mat it chi phi nang lugng (dé gia nhiét nudc) nhung mang lai higu qua ky
thuat cao. Vi vay, phuong phap nay di duoc lya chon trong cac nghién ctu tiép
theo.
3.1.1.2. Khdo sat anh hwéng cia nguon nguyén ligu dén chdt lweng san pham

Gian d6 XRD cua cac mau ZnO duoc tong hop tir hai nguon nguyén lidu
Zn(NOs), va ZnCl,, diéu ché bang phwong phéap két tinh thuy nhiét, lan luot dugc
dua ra trén hinh 3.4 va hinh 3.5.

Lin (Cps)

2-Theta - Scale
1 Step time: 18.9 5 - Temp.: 25 °C

Hinh 3.4. Gian dd XRD ciia ZnO tong hep tir ngudn nguyén liéu Zn(NO,),
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Lin (Cps)
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011 ° - Step time: 18.9 s - Tem,

Hinh 3.5. Gian @6 XRD ciia ZnO tong hep tir ngudn nguyén liéu ZnCl,

Két qua trén hinh 3.4 va 3.5 cho thay 2 mau ZnO tong hop tir 2 ngudn nguyén
licu khac nhau c6 gian @6 XRD gan nhu gidng nhau va tring véi phé chuan cua
ZnO (Joint Committee on Powder Diffraction Standards_ JCPDS_Card No. 36-
1451). Theo d6 cac gia tri hang sé mang a, ¢ lan luot 1a 3,24A va 5,21A, ti s6 c/a =
1,608. Nhu di trinh bay ¢ phan tong quan, cac thong sé nay tng véi cau trdc tinh
thé lyc lang. Ngoai ra, dudng nén pho thap ching to san pham thu duoc co do tinh
thé cao.

Két qua do dién tich bé mat riéng (Sger) cua hai mau san pham duoc dua ra
trong bang 3.1.

Bang 3.1. Dién tich bé mit riéng cia ZnO

Tén miu Sger M/g
Zn0-02 71,9
ZnOCI-02 72,4

Két qua thu duoc trong bang 3.1 cho thay ZnO tong hop tir 2 ngudn nguyén
liéu néu trén cé dién tich bé mat riéng 16n va twong duong nhau, trén 70 m?/g, 16n
hon so v6i vat lisu ZnO hoat tinh théng thuong (khoang 50 - 60 m?/g) [15].

Nhu vay, ca hai ngudn nguyén liéu déu cho san pham ZnO c6 dién tich bé mat
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riéng cao, thé tich 15 xop 16n. Tuy nhién, gia thanh caa kém nitrat ré hon nén ngudn
nguyén liéu nay da duoc lya chon cho cac nghién cuu tiép theo.
3.1.1.3. Khdo sat anh hweng cia nhiét do
Anh huéng cua nhiét 6 phan tng dén dién tich bé mit riéng cia cac mau san
pham ZnO téng hop dugc dua ra trong bang 3.2.

Bang 3.2. Anh hwéng caa nhiét d dén dién tich bé mit riéng caa vat liéu

Ki hiéu mau Nhiét d¢ phan &ng (°C) Sget (M?/9)
PNB-50 50 44,67
PNB-60 60 53,8
PNB-70 70 60,01
PNB-80 80 69,87
PNB-90 90 60,92

Két qua cho thay, khi tang nhiét do tir 50 - 80°C, dién tich bé mat riéng ting
dan theo chiéu ting cua nhiét do va dat gia tri xap xi 70 m?/g tai nhiét do két tinh
80°C. Tiép tuc tang nhiét do 1én 90°C, dién tich bé mat riéng c6 xu hudng giam di.
C6 thé tai nhiét do nay, cac hat két taa mai tao thanh dé& bi két tu trong qua trinh xir
ly nhiét & giai doan tiép theo, dan dén lam giam dién tich bé mat riéng cia mau
[94]. Nhu vay, nhiét d6 thich hop dé tién hanh phan &ng 1a 80°C.
3.1.1.4. Khdo sat anh hweng ciia dé pH

Sy thay d6i dién tich bé mat riéng ciia ZnO theo pH ctia méi trudng phan tng
duoc chi ra trong bang 3.2. Na,CO; duoc sir dung dé diéu chinh pH. Két qua cho
thay, trong khoang pH khao sat tir 7 dén 11, d6 pH cang ting thi dién tich bé mat
riéng cang giam. C6 thé giai thich diéu nay 1a do sy tao thanh cua san pham trung
gian 2ZnCO;. 3Zn(OH), (tai méi truong phan tng pH=7) [95]. Nhu vay, c6 thé

thdy riang trong qua trinh tao két tua c6 can bang sau:
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5Zn** + 60H + 2C0,% <=> 2ZnCO;. 3Zn(OH),

V6i méi truong pH cao, Zn tdn tai ¢ dang ion Zn(OH),* va d& dang bi thuy
phan tao ZnO. Theo khao sat cua Shi va cong su [94], khi pH = 6,5 chi c6 pha
2ZnCOj3. 3Zn(OH), duoc tao thanh. Khi pH ting dan dén sy tao thanh cua pha ZnO
va tang 1én dén khi pH dat t6i 10,5, chi ¢6 pha ZnO duoc tao thanh.

Vi thé, khi méi truong pH thay d6i, thanh phan san pham trung gian s& thay
d6i. Trong truong hop pH cao, ¢6 sy hinh thanh ZnO trong mau sau tong hop va

khi xir Iy nhiét, rat co thé ZnO bi két tu va dan dén Iam giam dién tich bé mat

riéng.
Bang 3.3. Anh hwéng dé pH dén dién tich bé mit riéng
Ki hiéu mau P pH duy tri trong qud trinh phan &ng Sger M?/g
PNB-7 7,0 71,9
PNB - 7.5 7,5 69,7
PNB - 8.5 8,5 61,0
PNB - 11 11,0 42,8

Vay pH=7 la gia tri thich hop cho phan ing.
3.1.1.5. Khdo sat anh hweng ciia néng dp cac chdt phan ing
Két qua khao sét sy anh hudng cia nong do dung dich tién chat Zn(NOs), dén
dién tich bé mat riéng duoc trinh bay trong bang 3.4.

Bang 3.4. Anh hwéng cia ndng d chat phan éng dén dién tich bé mit riéng

N Nong dd dung dich Nong dd dung dich ,
Mau Sger, /g
Na,CO; (M) Zn(NOs), (M)
PNB-MO0.1 0,1 0,1 72,9
PNB-M0.25 0,25 0,25 71,9
PNB-MO0.5 0,5 0,5 56,0
PNB-M1.0 1,0 1,0 47,3
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C6 thé thay khi néng d6 tién chit tang 1én, dién tich bé mat riéng caa mau
giam di. Biu nay c6 thé duoc giai thich nhu sau: Khi néng d6 chit tan ting, ty 16
siéu bio hoa ciing ting theo va trang thai siéu b&o hoa cao co thé thic day sy phat
trién tinh thé [96], chi phéi kich thuéc hat. Su phét trién tinh thé tir dung dich bt
dau bang qué trinh tao mam va tiép theo 1a qua trinh phat trién mam khi thém cac
tiéu phan cho tsi khi ndng d6 cua cation kim loai dat tgi d6 tan cua oxit, 2 qué trinh
nay gan lién vai nhau. Sy phat trién mam co thé xay ra theo 2 co ché: két tu cc hat
so cap thanh céc hat thir cp 16n (aggregation) hoic tir cac tiéu phan nho s& hinh
thanh hat 16n (coarsening) [97]. Theo két qua nghién ctu cua Wang va cong su
[98], khi ting ndng d6 mudi Zn 1am ty Ié siéu bdo hoa cao, dan dén qua trinh tao
mam ting hon nhiéu so véi qua trinh phét trien mam, két qua 1a thu duoc hat nho
hon. O cdng trinh nay, tac gia dung phuong phéap két tinh truc tiép trong hé phan
g ¢& micro c6 mang phan tan va day c6 thé 1a yéu té gitp tranh duoc su két tu.
Mot s6 cong trinh khac str dung cac phuong phap tong hop khac cho thay, khi ting
nong do cac chat phan wng thi ¢ hat ciing ting [99 - 103]. Nhu vay, ndong do chit
phan g ting da thuc day qua trinh phat trién mam, co thé theo ca 2 co ché, dan
dén két qua la c& hat tang.

Gia thiét nay 1a sy giai thich hop 1y ddi véi két qua cua ching tdi. C6 thé thay
rd 13, khi ndng d6 dung dich tang lam ting qué trinh phat trién mam dan toi su két
tu tao tinh thé I6n, va chinh sy két tu nay dan toi lam giam dién tich bé mat riéng
cua vat liéu.
3.1.1.6. Khdo sat anh hwéng cia téc dg khudy

Két qua nghién ctiu sy thay di dién tich bé mat riéng cia ZnO theo téc do
khuay duoc chi ra trong bang 3.5. Két qua trong bang 3.12 cho thay, khi téc do
khuay cang ting thi dién tich bé mat riéng cang giam, cho phép du doan kha ning

kich thudc hat tang.
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Bang 3.5. Anh huéng téc dd khudy dén dién tich bé mit riéng cia san pham

Maiu Téc do khudy (vong/phut) Sger M/g
NTH-100 100 71,9
NTH-200 200 50,3
NTH-300 300 48,5

Beck va cong su [104] di khao sat sy anh huong cua tée do khudy dén sy két
tinh ctia CaCOj; cho thay, véi téc do khudy cao hon céc hat tao ra c6 kich c& 16n
hon, tuy nhién céc hat rat nho ciing xuat hién va do xop giam so vai san pham tong
hop vai tc d6 khudy thap. Diéu nay cho thay véi téc do khudy cao c6 thé thuc day
Ca 2 qué trinh tao mam va phat trién mam. Nghién ctu nay ciing cho thay, toc do
khuay cao (2000 vong/phut) va thap (300 vong/phuat) déu cho san pham véi mot
pha tinh thé duy nhat chitng to khdng c6 su bién doi cau tric.

RO rang khi ting toc d6 khuay 1am ting kha ning tiép x(c giita c4c phan tu
chat phan tng do d6 1am ting tbc do phan tng, qua trinh tao mam xay ra nhanh
hon dan téi néng do cac tiéu phan phan ang giam lam cho ty 18 siéu bdo hoa cua
chat phan ung giam. Khi nong d6 chat phan ¢ng giam do phan ung xay ra, théng
thuong qua trinh tao mam s& giam hoac dirng han néu nong d6 khong dat bao hoa,
va cac tiéu phan con lai s& ting cudng cho qua trinh phét trién mam, tuy nhién cé
thé sy ting kha ning tiép xUc giira c4c tiéu phan di gy ra hién twong tao mam
trong sudt qué trinh, ngay ca & cudi qua trinh, khi ndng do6 chat tan thap, nén tao ra
cac tinh thé ¢6 kich thudc nho bén canh céc tinh thé 16n.

Nhu vay c6 thé két luan, viéc tang téc do khudy co thé 1am ting qua trinh phét
trién tinh thé 1a nguyén nhan dan dén sy giam dién tich bé mat riéng caa san pham.
Do d6, toc do khudy thich hop dé thuc hién phan tng tong hop ZnO véi cac diéu

kién nhu mo ta 1a 100 vong/phut.
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3.1.1.7. Khdo sat anh hwéng cia ché dé nung
Mau két taa 2ZnC05.3Zn(OH), trung gian theo dugc phan tich nhiét vi sai

theo phuong phap TG/DTA. Két qua do dugc dua ra ¢ hinh 3.6.
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Hinh 3.6. Gian @6 TG-DTA ciia miu téng hop

Két qua cho thady 2ZnC05.3Zn(OH), bt dau bi phan hay nhiét & 150°C va
qua trinh phan huay xay ra rg rét & 250°C.

Khi ting nhiét d6 tir nhiét d6 phong 1én téi gan 200°C gay ra su mat khoi
lugng khoang 4%. Theo Chang va cong su [105], khi ph&n huy hoan toan hydroxit
cacbonat kém (khéi luong mét khoang 26%) chi thu duoc 1 pha duy nhét 1a ZnO,
trong khi néu chi phan hay 1 phan (khéi lugng mat khoang 16%) thi c6 2 pha la
ZnO va hydroxit cacbonat kém ma khong thay pha ZnCO; xuat hién. Nhu vay, hién
tugng nay co thé giai thich 1a do sy bay hoi cta nude dugc ngam béi cac phan tir
hidroxit k&m. Tai khoang 200 - 250°C xuat hién 1 vai pic nhé va 1 pic rong véi su
giam khdi luong 22% dic trung cho qua trinh phan hily 2ZnC03.3Zn(OH), [105].
Khi ting nhiét d6 1&n trén 250°C, khong c6 su thay d6i dang ké khdi luong mau.

Mat khac, Wang va cong su da khao sat anh huong cua thoi gian nung Ién
dién tich bé mit riéng, d6 tinh khiét va c& hat cua san pham ZnO [106]. Két qua
cho thay, khi nhiét d6 nung ting tir 300-500°C, ¢& hat ting dan do hién tuong két

tu, dan tGi dién tich bé mat riéng giam, tir 74 m?/g xudng con khoang 31 m?/g. Khi

75



thoi gian nung kéo dai hon 2h, ciing dan dén hién tugng tuong tu. Tuy nhién, néu
thoi gian nung khong du, 2ZnC05.3Zn(0OH), s& khong phan huay hét, dan toi Ian
pha trong san pham.

Tir két qua TGA/DTA két hop vai cac nghién ciru da phan tich trén day,
diéu kién phan hay 2ZnC0;.3Zn(0OH), don budc thanh ZnO tai nhiét d6 300°C
trong thoi gian 2h da duoc lya chon.

Nhu vay, cac két qua nghién ctru trén day cho thay diéu kién thich hop dé
téng hop ZnO biang phuong phap két tinh thay nhiét 1

- Ngudn nguyén liéu Zn(NO3),;
- Nbng d6 chat phan tng 0,25M;
- Nhiét 6 80°C;
- Téc @6 khuay 100 vong/pht;
- Ché do nung & 300°C trong 1,5 h.
Anh SEM va TEM ctia mau ZnO tdng hop lan lugt dugc chi ra & hinh 3.7 va 3.8.

..................

Hinh 3.7. Anh SEM ciia mau ZnO & cac d6 phan giai khac nhau
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Hinh 3.8. Anh TEM ciaia miu ZnO

Két qua anh SEM va TEM trén hinh 3.7 va 3.8 cho thay, tinh thé ZnO thu
duoc ¢ dang hinh béng hoa véi cac canh hoa ¢ dang tim - 1a mot mang luéi duoc
tao nén nho su két tu giita cac hat ZnO nano kich thuéc 10 - 20nm. Do day mdi
canh hoa khoang 10 - 20 nm. M&i bong hoa c6 kich thuéc 1 - 2um. Cau tric nay
duoc phan loai 1a cau tric nano flower.
3.1.2. Nghién ciru tong hop vit liéu ZnO kich thwéc nano tir oxit ZnO
3.1.2.1. Khdo sdt anh hwéng ciia nguon nguyén liéu

Hai ngudn nguyén lidu k&m oxit dwoc sir dung dé téng hop nano ZnO ¢
Xuit xir Sigma — Aldrich va Trung Quéc. Pic trung vé hinh dang va kich thude cua

hai nguon nguyén liéu dugc chi ra trén anh SEM (hinh 3.9 va 3.10).

S4B00-NIHE .0k 2 9 460 ORSE(M LS| B &i2071 1048 800n

Hinh 3.9. Anh SEM bgt ZnO, xuat xir Sigma- Aldrich
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Hinh 3.10. Anh SEM bt ZnO, xuat x& Trung Quéc
Anh SEM trén hinh 3.9 va 3.10 cho thay k&m oxit ciia Sigma — Aldrich va caa

Trung Qudc déu c6 dang hat, tuy nhién cac hat kém oxit cua Sigma — Aldrich c6
kich thuéc nho hon nhiéu so véi cia Trung Québc. Cac hat k&m oxit caa Sigma —
Aldrich c6 kich thudc trung binh 1a vai traim nm, trong khi kich thudc trung binh
cua cac hat kém oxit Trung Qudc 1a vai pm.

Két qua anh TEM caa cac hat nano ZnO téng hop tir hai ngudn nguyén liéu
khac nhau lan lugt duoc chi ra trén hinh 3.9 va 3.10.

Két qua cho thiy san pham hat nano ZnO khi di tir hai ngudn nguyén liéu kém
oxit c6 xuat xir khac nhau c6 kich thuéc khdng khac nhau va rat nho, xap xi 10 nm.
Cac hat nay két tu véi nhau tao thanh cac dam 16n kich ¢& vai trim nm. Kich thudc
cac dam két tu ¢ san pham di tir nguyén liéu Trung Quédc 16n hon khong nhiéu so
véi san pham di tir nguyén liéu Sigma — Aldrich. Tuy nhién, gia nguyén liéu cua

Trung Qudc lai ré hon nhiéu so véi nguyén liéu Sigma — Aldrich.
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D3 =00 - 00 V1009 e D3 - 00 - 00 V1007

—_—

Print Mag: 16T000x @ 51 mm 100 nm Print Mag: Z0B000x @ 51 mm £ 1

10:29:12 a 12/23/11 HV=80.0kV 10:22:00 4 12-23-11 HY=80,0KkY

TEM Mode: Imaging Direct Mag: 80000x TEM Moda: Imaging Direct Mag: 100000x
EMLah-NTHE EMLab-NTHE

Hinh 3.11. Anh TEM ciia nano ZnO téng hep tir nguyén liéu Sigma—Aldrich

03 - TR 1-50-300.004

Frint Mag: 167000x @ 51 mm 100 nm Print Mag: 208000x 8 51 mm 20 nm

3:33:23 p 02,2212 HY=BO, 0lcV 32858 pOIsRRo1R HV=80.0kV

TEM Mode: Tmaging Dirsct Mag: 80000x TEM Mode: Imaging Direct Mag: 100000x
EMLab-HIHE EMLab-HIHE

Hinh 3.12. Anh TEM ciia hano ZnO téng hop tir nguyén liéu Trung Quéc
Véi sy chénh léch [6n nhu vay, k&m oxit xuat xa Trung Quéc duoc chon lra
lam ngudn nguyén liéu cho céc khao sat sau nay caia qua trinh tong hop.
3.1.2.2. Khdo sat anh hwong cua nhiét do
TEM cua cac mau duoc tdng hop tai cac nhiét do khuay tron 25°C, 50 — 60°C
va 80 — 90°C lan luot duoc chi ra trén hinh 3.20 (a,b,c).
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Imaging Direct Mag: 60000x TEM Mode: Imaging Direct Mag: 40000x TEM Modo: Imaging Direct Mag: 60000x
ML b= M1 HE : . b8 IHE

Hinh 3.13. Anh TEM ciia nano ZnO tong hep tai cac nhiét dé khac nhau:
(a) 25°C, (b) 50 — 60°C, (c) 80 — 90°C

Quan sat anh TEM cua c4c mau cho thay khi ting nhiét do khudy tir 25°C 1én
80 - 90°C, kich thudc hat c6 xu hudng giam manh tir 100 nm xuéng con 10 nm va
nguyén liéu phan &ng triét dé hon (thé hién & chd khong con hat nguyén liéu). C6
thé ly giai diéu nay nhu sau: tai nhiét 46 phong, duéi tac dong cua H,O,, cac hat
ZnO tur kich c& micro (< 5 pum) bi chia nho thanh cac hat don vi cé kich ¢ ~ 100
nm. Tang nhiét do khudy tron 1én 50 — 60°C, cac hat nguyén lidu tiép tuc duoc
phan chia tgi cac cap d6 hat nho hon 100 nm. Khi nhiét do khuay tron ting 1én 80 -
90°C, su phan tach hat xay ra d& dang va hoan toan hon, tao thanh cac tiéu phan
ZnO kich ¢4 rat nho, vao khoang 10 nm va dic biét 1a khong con thay su xuét hién
ctia cac khdi két 16n nhu da quan sat thay & cac mau tong hop ¢ nhiét do thap hon.

Nhu vay, 80 — 90°C 14 nhiét do khudy tron thich hop cho viéc téng hop ZnO
c6 kich thudc hat nano.
3.1.2.3. Khdo sat dnh hwong cia dp pH

Hinh 3.14 dua ra anh TEM cta ZnO téng hop & hai méi truang pH khéc nhau
la pH = 6 va pH = 8. Anh TEM trén hinh 3.14 cho thay khi ting pH cta dung dich
tr pH = 6 1én pH = 8 kich thudc ctua cac nano ZnO thu duoc co xu hudng tang Ién,
ddng thoi xuat hién sy két tu bén thanh cac ¢am Ion. C6 thé ndi raing ZnO kho bi

phan tach hon khi & trong mdi truong kigm.
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Do vay, mdi truong thich hop dé tong hop ZnO nano 1a mdi truong axit yéu
véi pH = 6.

g (a0 [ (b)

o

69 nm

03-00-300.002 — 03-00-300.00% re——

Print Mag: 39800x 9 51 om 100 am Print Mag: 230000x § 5! az 20 on

2:46:57 a DOs12/11 HY~%0.0kV 2:53:3) 8 0812711 nv-50,0kv

TEM Modo: Imaging Diroct Mag: 20000x TEM Modo: Imaging Diroct Mag: 120000x
EMLab-NIHE ENMLab-NI1HE

(c) (d)

D3 - 00 - 00 pif §-9.008 — 004 —_—

Print Mag: 39§00x ¥ 51 nm 100 nm Print Mag: 208000x € 51 mm 20 nn

11:19:42 & 12/23/711 HV=80.0kV 11:31:45 2122311 HV-80.0kV

TEM Mode: Tmaging Direct Mag: 20000x TEM Mode: Imaging Diract Mag: 100000x
EMLab-NIHE EMLab-N1ME

Hinh 3.14. Anh TEM ciia nano ZnO téng hop & cac pH khac nhau:
(a,b)pH=6,(c,d)pH=8
3.1.2.4. Khado sdat anh hwong cua ty I¢ cac chit phan irng
Hinh dang va kich thuéc cua cac mau tong hop tai cac ti 1& cua khoi leong
ZnOJ/thé tich dung dich H,0, 30% tuong tng la 0.5/50, 1/50 va 5/50 duoc chi ra
trén hinh 3.15 va 3.16.
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(b)

Sl

03 - 0% - 50 - 200.008 03 = (5 = 0 = 200.005

Print Mag: 167000x ) 51 mn 100 nm Print Mag: 208000x § 51 mm 20 ‘==

3:15:49 p 02/22/12 HY=81.0kV 3:09:18 p 02/22/12 HV=80.0kV

TEM Mode: Imaging Direct Mag: 80000x TEN Mode: Imaging Direct Mag: 100000x
ENLAb=NTHE EMLab-NIHE

’ (d)
03-00-500_004 SEm—

03-00-300.001 —_— Print Mag: 250000x 6 51 sm 20 nm

Print Mag: 125000x @ 51 am 100 an 2:53:33 5 08/12/11 HV=80.0kV

2:4%:02 a4 08/12/11 HV=80,0kV TEN Mode: Imaging Direct Nag: 120000x

TEN Mode: Imaging Direct Mag: 60000x EMLab-NINE
ENLab-NIHE

Hinh 3.15. Anh TEM ciia hano ZnO véi ty 18 ZnO/H,0,khac nhau:
(a, b) 0.5g ZnO/50ml H,0,, (c, d)1.0g ZnO/50ml H,0,

Quan sat anh TEM trén hinh 3.15, c6 thé thay rang khi giam ty 1& néu trén ti
1g ZnO/50ml dung dich H,0, xudng 0.5g ZnO/50 ml dung dich H,O, thi gan nhu
khong con thu duoc cac hat nano riéng biét, ma chi yéu 1a cac dam két tu cua cac
hat nano.

Piéu nay c6 thé giai thich nhu sau:

Ty 16 ZnO/H,0, giam, dong nghia vai sé sé luong nguyén tir oxy hoat tinh
(nguyén tir oxi mai sinh) trén mot don vi ZnO tang 1én. Piéu nay cd thé dan téi
kich thudc cua cac don vi ZnO tao thanh nho hon. Khi kich thuédc cua cac don vi
ZnO nhé hon, chung s& kho ton tai riéng biét hon ma s& co xu hudng két tu véi
nhau tao thanh cac dam két tu c6 kich thuéc 16n. Do vay, khi tang ty 18 ZnO/H,0,,

kich thudc hat ZnO tao thanh ting, dan téi kha ning ton tai doc 1ap cua chung ting.
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Trén hinh 3.16 12 anh SEM ciia miu téng hop véi ty 1& 59 ZnO/50ml H,0,.
Quan sat anh SEM trén hinh 3.16 ta thy khi ting ndng d6 ZnO 1én cao (59 ZnO/50
ml dung dich H,0, 30%) thi cac hat san pham thu duogc c6 kich thude ting 1én rat
nhiéu (~100 nm) va bi két thanh cac dam 16n.

BOO-NIHE 10.0kV 8 5mm x 150k SE[M L&y

Hinh 3.16. Anh SEM ciia nano ZnO téng hep véi ti 1é 5 ZnO/50ml H,0,

Nhu vay, ty Ié¢ ZnO/H,0, cang nho thi kich thudc hat ZnO thu duoc cang nho.
Tuy nhién néu giam ti 1& nay xuéng qué nho thi giam cong hiéu suat tong hop hat.
Do d6, ti 1& thich hop cua ZnO cho qué trinh tong hop hat nano ZnO 1a 1g ZnO/50
ml dung dich H,0, 30%.
3.1.2.5. Khdo sdt anh hwéng ciia toc @ khudy

Hinh 3.17 (a, b, ¢, d, e, g) dua ra cac két qua chup TEM cac mau ZnO thu
dugc bang cach téng hop véi cac toc do khudy khac nhau (100, 400 va 700

vong/phat)
g/pnut).
’
¥
»
D3 - 00 - 00 V1.011 D3 - 00 - 00 V1.012
Print Mag: 49100x § 51 mm 100 nm Print Mag: 167000x @ 51 mm 100 nm
10:32:27 a12/23/11 HV=80.0kV 10:33:42 212723711 HV=80.0kV
TEM Mode: Imaging Direct Mag: 25000 TEM Mode: Tmaging Direct Mag: 80000x

EMLab-NIHE EMLab-NIHE
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TEM Mode: Imaging Direct Mag: 20000x TEM Mode: Imaging Direct Mag: 120000%
EMLah-NTHE EMLah-NIHE

(e)

03-V7- 300.011 —— 03-¥7- 300,002 Yoy

Print Mag: 80400x § 51 mm 100 nm Print Mag: 250000x @ 51 mm 20 nm

3:59:41 p02/22/12 HV=80.0kV 3:46:47 pl2/22/12 HV=80.0kV

TEM Mode: Tmaging Direct Mag: 40000x TEM Mode : Tmaging Direct Mag: 120000%
EMLah-NTHE EMLab-NIHE

Hinh 3.17. Anh TEM ciia nano ZnO tong hop & tée dd khuay khac nhau:
(a, b) 100 vg/ph, (c, d) 400 vg/ph, (e, g) 700 vg/ph

Quan sat anh TEM trén hinh 3.17 cho thay, ¢ toc do khuay tron thap (v ~
100vong/phut) kich thudc cua cac hat nano ZnO tao ra nho (< 10 nm), do d6 chung
c6 xu hudéng két tu voi nhau tao thanh cac dam 16n, ngoai cac dam két tu tir cac
nano ZnO tao thanh, con quan sét thiy cac ddam nguyén liéu ZnO chua phan tach
hét.

Khi ting tbc do khudy 1én ~ 400 vong/ phut, kich thuéc hat ting tuy khong
nhiéu, nhung su két tu ciia cac hat san pham lai giam manh, dong thoi khéng quan

st thdy su ton tai cta cac dam nguyén liéu chwa phan tach.
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Tang toc do khudy toi ~ 700 vong/phut, kich thudc hat ZnO tao thanh khong
tang, tuy nhién su phan chia cua cac hat nguyén liéu lai hiéu qua hon rat nhiéu, san
pham hat nano thu dwgc nhiéu hon.

Nhu vay, ting toc d6 khuay tron trong qua trinh tong hop khéng anh huéng
nhiéu t6i kich thudc hat nhung lai thuc day hiéu suét cua qué trinh chuyén héa hat
um sang hat nm. Do d6, téc d6 khuay thich hop cho qué trinh tong hop 1a ~ 400
vong/phat.
3.1.2.6. Khdo sat anh hwong cua phwong phap té?ng hop
a. Phuong phép thuy nhiét nhiét dé cao trong méi truong axit

Nhu trén da thay, bang phuong phéap thity nhiét trong diéu Kién dong ¢ nhiét
d6 80 - 90°C, cac nano ZnO thu dugc ¢ cau trdc dang hat kich ¢& nanomet. Cac
hat nay sau qua trinh nung da két tu thanh cac dam nho (hinh 3.17 (c, d)) vai kich
cd khoang 100 nm.

Bing cach thay d6i diéu kién thay nhiét (180°C trong 24h), éng nano ZnO da
thu duwoc nhu chi ra trén hinh 3.18.

Modo: Imaging Direct Mag: 25000x
ab-HIHE

Hinh 3.18. Anh TEM caia 6ng nano ZnO
Hinh 3.18 cho thiy cac 6ng nano ZnO thu duoc c6 chiéu dai nam trong
khoang tir 300 - 600 nm nhung thanh dng chua hoan thién. Két qua nay dugc xem
la cac két qua tham do rit co y nghia khoa hoc, md ra mot hudng nghién ciru co
ban m¢i cho huéng nghién ciu tong hop vt liéu trén co s¢ oxit kém ZnO. Tuy

nhién, trong khuén kho nghién ciu 1am vat liéu hap thu cé thé thuong mai hoa,
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huéng nghién ctu cac 6ng nano oxit kém khong duoc tiép tuc phét trién trong luan
an.
b. Phwong phdp thity nhiét trong méi trieong kiém

Két qua phan tich TEM ctia mau nano ZnO duogc tdng hop trong mdi trudong

kiém dugc dua ra trén hinh 3.19.

P

ZnO-HT2.001

Frint Mag: Z0600x @ 51 Am

10:19:41 pOFsa9rll A

TEM Modo: Imaging Firoct Mag: 10000X
3 ~HIH:

Hinh 3.19. Anh TEM ciia nano ZnO tong hep bang phwong phap thiy nhiét
trong mdi trwong kiém
Quan sat anh TEM cua mau ndy cho thay hat nano ZnO tao thanh cé kich
thudce rat 1on (300 — 500 nm), ¢4 tiét dién hinh ngil gidc va ton tai tach biét nhau.
Nhu vay, phan tng thay nhiét trong méi treong kiém chi c6 thé phan tach
duoc cac hat ZnO kich ¢& vai um thanh cac hat ZnO kich ¢& vai tram nm.
3.1.2.7. Khdo sdt ché dp nung
Diéu kién nung thich hop cho mau dugc xac dinh bang cach st dung phuong
phap phan tich TG — DTA. Két qua phén tich duoc trinh bay trén hinh 3.20.
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Hinh 3.20. Gian @ TG — DTA ciia nano ZnO trwéc khi nung
Quan sét trén gian do hinh 3.20 cho thay: Khéi luong mau giam dan khi ting

nhiét d6 tir nhiét 46 phong 1én dén 200°C. Sy mat khdi lwong nay gay ra bai qua
trinh mat nuéc vat ly. Trong khoang nhiét do 200 — 250°C xuat hién 1 pic thu nhiét
kém theo su giam khéi luong rat 16n (18%). C6 thé néi pic nay dic trung cho qué
trinh mat nudc hda hoc: ZnO.H,0 — ZnO + H,0. Tir 300°C, khéi lwgng mau hau
nhu khong thay d6i. Nhu vay, c6 thé chon 300°C 1am nhiét d6 nung cho mau.
Tién hanh nung mau trong méi truong khdng khi theo ché do nhu sau:
- Nhiét do nung: 300°C
- Thoi gian nung: 2h
- Tbc do gia nhiét: 1°/phat
Sau d6, tién hanh phan tich TG — DTA cua mau nano ZnO sau nung, két qua
phan tich TG — DTA duoc thé hién trén hinh 3.21.
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nhiét TG — DTA cua ZnO nano khong quan sat thay su xuat hién cua pic thu nhiét

trong khoang tir 200 — 250°C.

Trén hinh 3.22 dua ra gian 6 XRD ctia mau ZnO sau khi nung tai 300°C. Ta
thy vi tri cac pic trén gian dd trung véi céc pic trong gian dd chuan caa mau ZnO
tinh thé loai wurtzite, véi thong sé mang a va ¢ twong tng la 3.249 va 5.206 A
(JCPDS card No. 36 - 1451). C4c pic sac nhon cho thay do tinh thé ciia miu tuong

ddi cao.

Mau ZnO sau khi nung tai 300°C theo ché do nhiét da néu & trén c6 dang

Hinh 3.21. Gian @0 TG — DTA miu ZnO sau khi nung
Sau khi nung & 300°C theo ché d6 nhiét da néu & trén, trén gian do phan tich

Hinh 3.22. Gian dd XRD miu ZnO sau nung

tinh thé wurtzite v4i d6 tinh thé tuong dbi cao.
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Nhu vay, ché d6 nung thich hop cho mau ZnO nhu sau:
- Nung tai 300°C trong khéng khi
- Thoi gian nung : 2 gio
- Tbc do gia nhiét: 1°C/ phat

T6m lai, ¢d thé ndi dng nano ZnO di budce dau duoc tong hop thanh cong tir
ZnO micro bang phuong phép thay nhiét trong mdi truong axit véi cac diéu kién: ti
1¢ ZnO/dung dich H,0, 30% la 1g/50 mL, nhiét d6 thuy nhiét 80 — 90°C, téc do
khudy 400 vong/phut, pH = 6 va ngudn nguyén liéu ZnO c6 xuat xt Trung Qudc.
3.2. Nghién ciru tong hop vat liéu trén co s¢ ZnO nano flower/ZnO micro
(Viét tit 1a ZnO nano/ZnO micro)

Nhu trén di trinh bay, cac diéu kién tong hop ZnO cé cau tric nano bao gom
nano flower, nano hat va 6ng nano da duoc khao sat mot cach hé théng. Nhin
chung, cac phuong phap didu ché déu khong qua ton kém va khong doi hoi cac
thiét bi qua phirc tap. Bén canh d6, san pham nano tao thanh di dugc biét 1a co cac
tinh ning uu viét hon han san pham cung loai ¢6 kich ¢& micro. Tuy nhién, dé c6
thé hudng téi viéc tng dung trong cong nghiép, van dé hiéu qua kinh té-ky thuat
van con 12 mot thach thirc 16n. Nham giai quyét van dé nay, luan an huéng téi
nghién ciru ché tao vat lidu “composit” trén co sé ZnO nano/ZnO micro vai hy
vong la loai vat liéu nay vira c6 dugc dac tinh k¥ thuat cuaa vat liéu nano, c6 kha
nang phan tan cao, hoat dong hiéu qua vira c0 gia thanh canh tranh véi gié cua vat
liéu micro. San pham tao thanh dugc dénh gia hiéu qua xu 1y H,S trudc khi tién
hanh cac dic trung tinh chét hoa 1y. Két qua nghién ctru anh huéng ctia ham lugng
ZnO nano trong mau vat liéu dén kha nang hap thu S cuc dai duoc trinh bay trong

bang 3.6.
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Bang 3.6. Anh hwéng ciia ham lwong ZnO nano dén kha niing hip thu S cuc

dai
Ham lwgng ZnO nano (% Kkl) Kha ning hip thu cue dai (% S)
(Th-:ip thu — 3000(:)
0 28,8
(ZnO micro thuong mai — vat liéu dbi
ching)
Mau d6i chiing cong nghiép 38,2
1 (in-situ) 29,7
5 (in-situ) 39,8
10 (in-situ) 45,1
100 51,5

(ZnO nanoflower tong hop boi dé tai -

dé so sanh)

5 (trén co hoc) 35,0

Thuat nglt “in-situ” trong bang ham y viéc dua ZnO micro thuong mai vao
lam vat liéu phan tan ZnO nano flower duoc tién hanh ngay trong qua trinh két tia
va gia hoa cta nano flower, dé phan biét v6i phuong phap trén co hoc giita ZnO
micro thuong mai va ZnO nano flower. Cac két qua trong bang 3.6 cho thdy mot
diéu 1y thu vé tac dung hi¢p trg gitra hai loai vat li¢u ZnO c6 cAu trac té vi khéc
nhau trong viéc hép thu hop chit H,S. Chi can bd sung mot lugng nho vat li¢u ZnO
nano flower (5%) vao vat liéu nén ZnO micro thwong mai, bang phuong phap don
gian nhét 13 tron co hoc da c6 thé lam tang kha nang hép thu cuc dai cua vat liéu
1én hon 20% (21,5%). B6 sung 5% vat liéu ZnO nano flower vao vat liéu nén ZnO
micro thwong mai bang phuong phap téng hop truc tiép (in-situ) con lam ting kha
ning hap thu cuc dai cta vat lidu thém 38%. Sy chénh léch vé kha nang hap thu

cuc dai cua cac mau in-situ va mau tron co hoc dugc giai thich la do 61 voi mau
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in-situ, vat liéu ZnO nano flower dugc hinh thanh trong qua trinh phan ing, duoc
phan tan dong déu trong moi truong chira huyén phi ZnO micro va gin 1én céc tiéu
phan ZnO micro trong qué trinh phan tng va gia héa. Chinh diéu nay da gitp cho
cac tiéu phan ZnO nano flower khong bi co cum lai trong qué trinh xtr 1y nhiét
hodc qua trinh hip thu va nho thé, sd luong cac tAim hap thu hiéu dung 13 cao hon
nhiéu trong truong hop tao vét liéu bang phuong phap tron co hoc.

Céc s6 lidu trong bang trén cho thdy, trong khi vat liéu ZnO micro thuong mai
c6 kha niang hap thu cuc dai (28,8%) thip hon nhiéu so vé6i vat liéu ZnO dbi ching
(38,2%), vt liéu 5% ZnO nano/ZnO micro c6 kha ning hap thu cuc dai tuong
duong véi vat liéu ddi ching.

Khi ting ham lugng ZnO nano flower trong mau ZnO nano/ZnO micro tir 1%
1én 10%, kha nang hap thu cuc dai ting 1én va nhu trén di noi, gia tri kha nang hap
thu cuc dai dat tuong duong vdi mau dbi chtirng tai ham lugng 5% ZnO nano
flower trong mau ZnO nano/ZnO micro. Vi vdy, ham luong ndy ctia ZnO nano
flower duoc lua chon dé téng hop vat liéu & qui mo 16m hon.

3.3. Nghién ctru tong hop vit liéu ZnO/ALO;
3.3.1. Khao sat anh hwéng ciia phwong phap tong hop

Viéc tong hop vat lidu ZnO/Al,O5 1a nham muyc dich ung dung dé xu 1y hdn
hop khi H,S va COS. Mitrc d§ phan tan va ham luong ciia nhom oxit trong pha hoat
tinh chinh ZnO s& quyét dinh kha ning chuyén hoa COS va kha niang hap thu luu
huynh téng cua vat liéu.

Phuong phéap dua chat bién tinh vao vat lidu s& quyét dinh dén sy phan tan
clia CAC oxit trong san pham cudi cung. Hai phuong phap tong hop vat lidu duoc
tién hanh ¢ day la:

- Phurong phép 1: Pong két tia cac ion kim loai (ki hiéu: CT-ZA-05);
- Phuong phép 2: Két tua riéng r& hai tién chat roi tron lai va gia hoa clng
nhau (Ki hiéu: CT-ZA-06) (phuong phap tim).
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Hinh 3.23 va 3.24 lan luot dua ra gian 6 XRD ctia mau ZnO/Al,O; tong hop
bang phuong phap dong két tia va phuong phap tim. Céc két qua chi ra trén hinh
3.30 va 3.31 cho thdy, ZnO/Al,05 (10%KI) tong hop theo ca hai phuong phap co
gian do nhidu xa kha giéng nhau, déu c6 cac pic nhidu xa véi cuong d6 manh tai
cac goc 26 = 31.8°, 34.5° 36.2° dic trung cho cau trdc tinh thé luc giac cua ZnO
wurzite, va khong tim thiy pic dic trung cho pha tinh thé cua Al,O5. Didu nay c6
thé 1a do nhém oxit ton tai & dang vo dinh hinh [84].

Faculty of Chemistry, HUS, VNU, D8 ADVANCE-Bruker - Sample ZA15

Lin (Cps)

Hinh 3.23. XRD ciia ZnO/Al,O5 (10%KI) tong hep bing phwong phap dong
két tia
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00-036-1451 (*, ) Zincite, syn - ZnO - Y: 65.37 % - d x by: 1. - WL: 1.5406 - Hexagonal - a 3.24982 - b 3.24982 - ¢ 5.20661 - alpha 90.000 - beta 90.000 - gamma

120.000 - Primitive - P63mc (186) - 2 - 47.62

Hinh 3.24. XRD caia ZnO/Al,05 (10%KI) téng hep bang phwong phap két tia

riéng ré hai tién chat
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CAu trac té vi va dién tich bé mit riéng cua cac mau vat liéu 1an luot dugce dua
ra trong bang 3.7 va hinh 3.25.
Bang 3.7. Dién tich bé mit riéng ciia ZnO/Al,O; (10%KkI)

Ki hi¢u miu Dién tich bé mit riéng, m°/g
CT-ZA-05 82,4
CT-ZA-06 76,2

Két qua dua ra trong bang 3.14 cho thay, dién tich bé mit riéng cia miu vat
liéu ZnO/Al,0;5 tong hop theo phuong phap thir nhat co dién tich bé mit riéng
khong 16n hon nhiéu so véi vat liéu tong hop bang phuong phép thir hai.

Tuy nhién, quan sat anh TEM clia cac mau vat liéu thu duogc cho théy, Vo1
phuong phap dong két tia (hinh 3.25a), cac tiéu phan nhém oxit duoc phan tan
dong déu trong pha hoat tinh ZnO, va su két tu giam hon dang ké so vdi phuong
phép thtr hai (hinh 3.25b).

Hinh 3.25. Anh TEM ciia ZnO/Al,05 (10%KI) téng hop theo cac phwong phap
khac nhau: (a) dong két tia, (b) két tia riéng ré

Piéu nay c6 thé duoc giai thich 13 do bang phuong phap dong két tua,

hydroxycacbonat ctia Zn va Al(OH); dugc hinh thanh dong thoi, cac ion A** duge

phan tan déng déu trong hé va tao thuan 1gi cho sy thay thé cac ion Zn?" trong cac

hydroxycacbonat trung gian. Va khi qua trinh nung xay ra, AI** 1an luot xdm nhép

vao trong cac hdc tréng bat dién va ttr dién trong mang tinh thé cua ZnO do Al** c6
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ban kinh ion nho hon [107]. Nho d6, nhom oxit duge phan b tot hon trong pha
hoat tinh ZnO.

Mit khac, sy phan tan tot cia nhém trong miu gitip ngdn can qua trinh két tu
va phat trién cta tiéu phan hat ZnO.

Ngoai ra, phuong phap 1 don gidn hon phuong phap 2. Vi vay, phuong phéap
dong két tia cac ion kim loai duge chon 1a phuong phap tong hop cho cac nghién
ctru tiép theo.

3.3.2. Khao sat anh hwéng caa nhiét do

Pé khao sat anh hudng cua nhiét d6 dén san pham, phan ing dong két tia cac
jon kim loai duoc tién hanh & cac nhiét d6 khac nhau: 30°C, 50°C, 70°C va 90°C.
Két qua duoc trinh bay trong bang 3.8.

Bang 3.8. Su phu thudc dién tich bé mit riéng (Sger) ciia vat liéu vao nhiét do

phin ing két tia

. Nhiét do SBET
Tén mau ) Ngoai quan
phan tng (°C) | (m“/g)
CT-ZA-05-30 30 30,19 | Bot mau trang, hoi vang, d6 xdp va
CT-ZA-05-50 50 68.2 d6 min cla cac mau tong hop trong
khoang nhiét d6 30 - 50°C khong
CT-ZA-05-70 70 83,9 5 , x 2
bang cac mau tong hop trong
CT-ZA-05-90 90 80,4 | khoang nhiét do tir 70 - 90°C

Dién tich bé mit riéng cua vat liéu co6 xu hudng ting 1én, tir 30,19 1én dén
83,9m?/g khi ting nhiét do phan tng tir 30°C Ién dén 70°C. Tiép tuc ting nhiét do
mdi trudng phan tng 1én 90°C, dién tich bé mit riéng khong ting nita ma co xu
huéng giam nhe. Nhu vay, nhiét do thich hop cuia phan tng 1a 70-90°C. Tai khoang

nhi¢t d6 nay, vat liéu thu duoc cé dién tich bé mat riéng dat > 80 m2/g.
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3.3.3. Khao sat anh hwéong caa do pH

Pé dam bao cho qua trinh dong két tia cac ion Zn** va AI** xay ra dong
thoi, pH thap nhat duoc chon cho qué trinh khao sat 1a 7. Sy thay do6i dién tich bé
mit riéng cua san phdm theo pH cua méi trudng phan Gmg duogc chi ra trong bang
3.9. Trong qua trinh thuc nghiém, Na,CO3 duoc sir dung dé diéu chinh pH tir 7 dén
11. Két qua cho thay, khi ting dan pH cta phan tng dong két tia tir 7 1én 11, dién
tich bé mit riéng cia vat lidu c6 xu hudng giam dan. Piéu nay cé thé duoc giai
thich giéng nhu trudng hop tong hop ZnO d3 trinh bay ¢ phan trén [94].

Bang 3.9. Anh hwéng dd pH dén dién tich bé mit riéng

Mau D¢ pH duy tri trong qua trinh phan ing | Sget, m?/g
CT-ZA-05-7.0 7,0 83,9
CT-ZA-05-9 9,0 68,15
CT-ZA-05- 11 11,0 55,16

Vay pH=7 14 gia tri thich hop cho phan tng tao két tia.
3.3.4. Khao sat anh hwéng ciia ham lwong chat xdc tién Al,O5
Viéc dua Al,O3 1én vt lig¢u ZnO gitp xuic tién qua trinh thuy phan COS dudi
su ¢ mat ctia hoi 4m dé tao thanh H,S. H,S tao thanh sau d6 sé bi gitlr lai va phan
ung véi ZnO. Quad trinh nay dugc mo ta nhu sau:
COS + H,0 <> H,S + CO;,
Zn0O + H,S < ZnS + H,0
Két qua khao sat anh huong ctia ham luong Al,O3 dén kha ning xir Iy COS

ctia vat liéu duoc thé hién trén hinh 3.26.
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Hinh 3.26. Anh huéng ciia ham hrong Al,O; dén kha ning xir Iy COS

Két qua nghién ctru & hinh 3.26 cho thay, khi ting ham luong pha Al,O; tir
2% 1én 10% khdi luong, hiéu suét chuyén hoéa COS thanh H,S cua vat li¢u tang
manh. Tiép tuc tang ham lugng Al,O3 1én, hi¢u suét tdng khong dang ké. V&i muc
tiéu diéu ché vat liéu vira c6 kha nang chuyén hoa COS thanh H,S vira c6 kha ning
hap thu H,S can lya chon ty 1& can ddi giira hai pha, pha Al,O3 uu tién cho qua
trinh chuyén héa COS thanh H,S nhung khong c6 kha ning hap thu H,S va pha
ZnO, uu tién cho qua trinh hip thu H,S ma khong c6 kha niang chuyén hoa COS, ty
1€ 10% Al,0O3 trong ZnO da duoc lya chon.

Két qua danh gia kha nang hap thu H,S cta vat liéu cho thay kha ning hap
thu cuc dai cua vat li¢u dat 45,2% S. Nhu vay, ham luong Al,O3 thich hop dé tao
nén vat li¢u c6 kha nang xir Iy COS cao 1a 10% (kl).

3.3.5. Khao sat anh hwéng caa ché dé nung
Gian dd phan tich nhié¢t ctua mau vat liéu trude khi nung dugc chi ra trén

hinh 3.27.
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Hinh 3.27. Giin @6 TG — DTA ciia san phim trung gian truéc nung

Trén gian d6 TG-DTA trén hinh 3.27 xuat hién pic thu nhiét nho ¢ khoang
150°C duoc quy cho qué trinh phan hiuy mot phan cua hydroxit cacbonat kém,
trong khoang nhiét d6 tir 200 - 250°C véi su mat 5% khéi luong xuat hién 1 vai pic
nhé va 1 pic thu nhiét dugc quy cho su chuyén pha cua nhdm hidroxit va trong
khoang 250-350°C tmg véi sy giam manh khéi lwong miu (giam trén 20% khoi
lugng) dac trung cho sy phan huy 2ZnC03.3Zn(0OH), [104]. Khi tang nhiét do 1én
trén 350°C khdi lugng mau thay doi khong dang ké. Vay nhiét do nung thich hop la
350°C.

3.4. Nghién ctru tong hop vit liéu ZnO-Al,O; bién tinh bing chat xic tién
CuO va Fe,04
3.4.1. Nghién ctru tong hop vit liéu ZnO-CuO-Al,O;

Nhu di gigi thiéu ¢ phan tong quan, st dung vat liéu ZnO-Al,O; trong qué
trinh xt ly loai bo cac hop chét luu huynh c6 mot han ché nho 1a ZnO phan tng
cham véi H,S. Trong khi do, sur dung vat liéu hép thu c6 pha hoat tinh la hén hop
CuO-ZnO dé hap thu H,S c6 thé khac phuc duoc han ché nay do toc do hap thu
H,S trén CuO nhanh hon so vé&i ZnO, trong khoang nhiét d6 tir 200-600°C. Piéu
nay duoc |y giai bai gia tri khac nhau cua hiang sé Kp cua hai phan ¢ng hap thu
H,S cua ZnO (K;) va cua CuO (K,), duoc dua ra trong bang 3.10.
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Bang 3.10. Hang s6 téc d hap thu tai cac nhiét d§ khac nhau

Hing sé Nhiét d¢, °C

can bing 200 300 400 500 600
Kot 1,1.10° 6,5.10° | 91.10° | 21.10° | 7,1.10°
Koz 1,410° | 7,8.10° | 23.10° | 1,6.10° | 1,9.10

Cong trinh cua Ruettinger Wolfgang va cong su [79] cling da dua ra mét co
ché phan tng cua hdn hop CuO va ZnO. G day, CuO phan ung nhanh véi H,S
trong dong khi tao thanh CuS, nhung chi xay ra trén bé mat cua cac hat CuO do
CuO chi cd kha nang hap thu gidi han H,S. Tréi lai, ZnO c6 dung lwong hap thu
H,S cao hon CuO do ZnS tao thanh c6 do bén nhiét dong cao hon so véi CusS trong
cac diéu kién l1am viéc véi sy c6 mat cua hoi nude. Luu huynh dugc hap thu truéc
hét boi CuO. Sau d6, luu huynh duoc chuyén sang ZnO dé tao thanh ZnS. Su hap
thu H,S nhanh caa thanh phan CuO, két hop vai dung luong hap thu cao va do bén
nhiét dong cua thanh phan kém, hiéu qua loai bo H,S vi thé duoc ting cudng.

Hon nita, cac két qua dua ra trong cac cong trinh [8 - 10] di cho thay su két
hop cua oxit kém va oxit ddong nang cao kha ning xir Iy triét dé H,S. Hé thong loai
H,S bang cach dan khi tryc tiép qua vat liéu c¢d thanh phan nhu trén c6 thé giam
nong do H,S xudng thap dén duai 100ppb, tham chi ¢ thé thap hon 20ppb. Dahao
Jiang va cong su [84] ciing da tién hanh thir nghiém kha nang hap thu H,S trén cac
vat liéu to hop cua oxit ba kim loai Cu-Zn-Al. Két qua cho thiy dung luong hap
thu H,S cua céc vat liéu nay 1a kha cao ngay ca khi tién hanh & nhiét do thap (trong
khoang tir 4.4 - 25.7 g S/100 g chat hap thu & 40°C) va muc do xu 1y dat duoc 1a
ti nong d6 H,S trong khi thai 12 0,1 ppm.

Do d6, trong phan nay, oxit CuO di duoc lua chon la chat bién tinh thich hop

cho qua trinh tong hop vat liéu ZnO-Al,O5 bién tinh.
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3.4.1.1. Khdo sat sy anh hwéng ciia ham Iweng chat bién tinh
Theo nghién ciru cua Ruettinger Wolfgang va cong su [79], CuO phan ung
nhanh véi H,S trong dong khi tao thanh CuS, nhung chi xay ra trén bé mat cua cac
hat CuO do CuO chi c6 kha ning hip thu giéi han H,S. Hon nita, trong diéu kién
lam viéc cua cac chat hap thu ¢ day thuong c6 mat hoi nude, ZnS tao ra co do bén
nhiét dong cao hon nhiéu so véi CuS. Do d6, ham luwong ciia ZnO trong pha hoat
tinh s& khdng thap hon 50%, va tt nhat Ia trong khoang tir 90 — 99% (khdi lugng).
Két qua dic trung cau tric cta mau vat liéu ZnO-Al,O; bién tinh bai CuO,

bang phuong phap dong két tia dugc dua ra trén gian d6 hinh 3.28.

Zn0

ALO; >

Lin (Cps)
N T VI A N

2-Theta - Scale

Hinh 3.28. Gian dd XRD céia miu ZnO-Al,05 bién tinh CuO (11,3%)

Gian dd XRD ctia miu vat ligu ZnO-Al,03 bién tinh boi CuO thu dugc c6 cac
pic vé&i cuong do rat manh tai cac goc 26 bang 31,8°, 34,4°, 36,3° dic trung cho cu
tric luc gi4c cua pha tinh thé wurtzite cua ZnO. Bén canh d6, xuat hién pic nhiéu
Xa V6i cuong dd manh tai géc 260 = 35,5°, ang vai cau tric monoclinic caa CuO.
Khoéng tim thay pic dic trung cho sw ¢6 mat cia pha tinh thé cua Al,O3. Didu nay
duoc quy cho trang thai ton tai vo dinh hinh cua Al,O5 trong san pham thu duoc
[13].
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Ngoai ra, duong nén cua phé thap ching to san pham co d6 tinh thé cao.

Bang 3.11 dua ra két qua do dién tich bé mat riéng cua cac mau ZnO-Al,O;
bién tinh boi CuO. Céc két qua trén bang 3.11 cho thay cac mau vat liéu bién tinh
CuO-ZnO-Al, 05 déu c6 dién tich bé mit riéng 16n va khong khac nhau nhiéu khi
thay d6i ham luong cia CuO. Diéu nay la hoan toan phu hop véi cac két qua trong
tai liu [84].

Bang 3.11. Dién tich bé mat riéng ciia cac mau ZnO-Al,O; bién tinh CuO

Ky hiéu miu Ham luwgng CuO, (% kl) Sget, (M?/g)
CT-CZA-01 4,3 84,2
CT-CZA-03 5,6 84,9
CT-CZA-04 8,2 85,1
CT-CZA-05 11,3 89,4
CT-CZA-06 15,0 89,3
CT-CZA-07 22,5 85,2

Céc két qua nghién ciru anh huong cua ham luong CuO dén hidu qua xu ly
lwu huynh cua vat liéu ZnO-Al,O3 bién tinh boi CuO duoc thé hién trén hinh 3.29.
Céc thuc nghiém dugc tién hanh trong thoi gian hap thu ngan (1h) nhim dénh gia
su khac nhau vé toc do hap thu ban dau cta cdc mau c6 ham luong CuO khac
nhau.

Két qua trén hinh 3.29 cho thay, khi thém CuO véi luong nho vao mau
(4,3%), kha ning hap thu H,S caa miu ting 1én dang ké, thé hién qua ham ham
lwong S trong mau sau 1h hap thu ting tir 20 % 1én 24% (trong diéu kién nong do
H,S du, c6 nghia 1a toc d6 hap thu khong bi han ché bai nong do H,S). Tang ham
lugng CuO, ham luong S trong mau sau 1h hap thu ting 1én va khi ham lwong CuO
dat gia tri khoang 10 - 12% (11,3%, theo tinh toan) su ting ham lugng S trong mau

sau hap thu c6 xu hudng cham lai va sau d6 hau nhu khong ting. Cac két qua nay
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hoan toan phu hop véi cac két qua cong bd bai Cadena va cac cong su [60]. Theo
do, phan tng:
CuO + H,S — CuS + H,0
Xay ra véi téc d6 nhanh hon phan ung :
ZnO + H,S — ZnS + H,0
Sau do: CuS +7ZnO — ZnS + CuO
Nhu vay, CuO Ia chét “luu gitr tam thoi” luu huynh S* trude khi phan éng

véi ZnO.

35 -
30 A

25 A
20 A
15 A
10 ~
5 -
0 4,3 5,6 8,2 11,3 150 22,5

Ham lwgng CuO (tinh toan) trong miu (%)

~

Ham lwgng S trong mau sau

1h hép thu (%)

Hinh 3.29. Anh hwéng cia ty 18 CuO-ZnO-Al,O; dén kha ning hap thu hop
chat luu huynh ciaa vit ligu é nhiét dd phong

Tuy nhién, khi ham luong CuO qué cao tirc 1a luong Cus tao ra nhiéu, chi c6
mét phan CuS cd kha ning phan wng nhanh véi ZnO nén phan CuS chua kip phan
ung véi ZnO da bi phan huy tao thanh H,S quay lai dong khi (vi dang CuS kém
bén). Piéu nay di 1am han ché kha ning tao thanh ZnS trong vat liéu, lam giam
hiéu qua cua qué trinh xtr ly H,S.

Hinh 3.30 dua ra anh TEM cua mau vat liécu CuO-ZnO-Al,O5véi ham luong
CuO bing 11,3% theo tinh toan.
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Hinh 3.30. Anh TEM ciéia miu vit liéu CuO(11,3%kl)-Zn0O-Al,O5

Anh TEM trén hinh 3.30 cho thiy cac chat bién tinh duoc phéan tan dong déu
trong pha hoat tinh chinh ZnO va khong hé co cum lai véi nhau. Hinh théi chi yéu
trong mau 1a cac hat nano ZnO hinh cau, véi kich thudc duéi 10 nm, két lai véi
nhau thanh cac tim mong, xop.

Dé danh gia mac do tring lap gitta cac ham lwong cac oxit theo tinh toan va
thuc té, phép phan tich nguyén té da duoc thuc hién (bang 3.13). Két qua phan tich
cho thdy mau cé thanh phan CuO 11,51%; Al,O; 9,79%, phan con lai 1a ZnO
78,65%. Két qua nay hoan toan pht hop véi s6 liéu tinh toan Iy thuyét.

Bang 3.13. Thanh phan cia miu ZnO/Al,O; bién tinh

Thanh phan CuO ZnO Al,O;
Ham lugng tinh toan, % 11,3 78,7 10
Ham luong thyc té, % 11,51 78,65 9,79

Nhu vay, c6 thé thay rang, qua trinh dong két tua cac ion kim loai dién ra khé
triét dé va hau nhu khong bi ton that nguyén tb thanh phan.
3.4.1.2. Khdo sat sw anh hwoéng ciia phwong phdp dwa chdt bién tinh vao vat ligu
Phuong phap dua chit bién tinh vao vat liéu s& quyét dinh dén su phan tan
clia cac oxit trong san pham cudi cung. Hai phuong phép tong hop vat liéu dugc
tién hanh & day la:

- Phuong phdp 1: Dong két tua cac ion kim loai;
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- Phuong phdp 2: Két tha nhiéu bac (multi-precipitation), dong két tia céc
ion Cu?*, Zn?* va két tia riéng r& ion AI**, sau do, tron cac két tua lai va gia
hoa cung nhau.

Dién tich bé mat riéng cua ZnO-Al,05 va hén hop CuO-Zn0-Al,0; dugc tong
hop bang phuong phap dong két tua di tir 3 dung dich mudi nitrat va bang phwong
phap két taa nhiéu bac duoc dua ra trong bang 3.14.

Cac két qua trong bang 3.14 cho thay, cdc mau ZnO-Al,O; bién tinh CuO
theo ca hai phuong phap déu c6 dién tich bé mat riéng l6n va ting nhanh khi ting
thoi gian gia héa.

Véi viéc bién tinh bang phuong phéap thir nhat, khi tang thoi gian gia hoa tir
Oh — 2h, dién tich bé mit riéng tang tir 54,7 dén 71,4 m?/g, va c6 thé dat trén 89
m?/g véi thoi gian gia hda 3h. Sau 3h, dién tich bé mit riéng ting khong dang ké.
Diéu d6 c6 nghia 13 sau thoi gian gia hoa 3h, ciu tric cua cachonat cia ddng, kém
va nhom da dat dén trang thai 6n dinh. Vay cd thé thay thoi gian gia hda thich hop
la 3h.

So sanh dién tich bé mat riéng cua hai mau gia hoa 3h 1a CT-CZA-05va mau
chua bién tinh ZnO-A,05 cho thiy viéc thém CuO vao ciing 1am ting nhe dién tich
bé mat riéng caa vat liéu thu duoc tir 83,9 m%/g (di véi mau chua bién tinh) dén
89,4 m?/g (dbi véi mau bién tinh).

Bang 3.14. Anh huéng cia phwong phap diéu ché dén Sger

Loai miu Phwong phap diéu ché Sger (M?/g)
Khong co Két taa - Gia hoa 3h - Loc rua -
Zn0-Al,03 , 83,9
CuO Say- Nung
Két taa - gia hoa 3h - Loc rira - Say-
y CT-CZA-05 89,4
Bién tinh Nung
bang CuO Két taa - Gia hda Oh - Loc ria - Say
CT-CZA-08 54,7
- Nung
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Két tia - Gia héa 1h - Tron- Loc
CT-CZA-09 , 62,5
raa - Say - Nung

Két taa - Gia hda 2h- Tron- Loc rua

CT-CZA-10 , 71,4
- Say - Nung
Két tua - Gia hoa 4h- Loc rira - Say-
CT-CZA-11 92,1
Nung

Két taa- Tron cac cachonat - Gia
CT-CZA-12 , 68,1
hoa 1h- Loc rira- Say- Nung

Két taa- Tron cac cachonat - Gia
CT-CZA-13 , 83,8
hoa 2h- Loc rira- Say- Nung

Két taa- Tron cac cachonat - Gia
CT-CZA-14 ) . 99,4
hoa 3h- Loc rua- Say- Nung

Cac miu duoc diéu ché bang phuong phéptht hai 1a CT-CZA-12, CT-CZA-
13, CT-CZA-14. Cac két qua do dién tich bé mat riéng cia cac mau dugc dua ra
trong bang 3.14 da cho thay, bién tinh bang phuong phap thtr hai gitp cai thién
dién tich bé mit riéng ctia cac mau vat liéu thu dugc theo phuong phap thir nhit, cu
thé, img v6i thoi gian gia hoa 3h, dién tich bé mat riéng ctia mau CT-CZA-14 bién
tinh theo phwong phap thir hai ting 9,6 m%/g so v6i mau CT-CZA-05 bién tinh
bang phuong phap thir nhét.

Diéu nay di duoc giai thich bsi Dahao Jiang va cong su [84]. Theo Dahao
Jiang, cac dac tinh cta vat li¢u tao ra phu thudc vao muic do phan tan cua céc pha
oxit kim loai. Cach thirc tién hanh phuong phéap két tua s& anh huéng dén su phan
tan cua cac pha hydroxycarbonat trong nhau va su phan tan cua cac oxit trong san
pham cudi cting. Viéc tach qua trinh két tia thanh hai giai doan gitip cho céac ion
kim loai thay thé dé dang va chinh x4c trong cdc mang tinh thé ciia nhau. Su két

tha dé)ng thoi cua céc ion Zn®* va Cu* da tao thuan lgi cho sy xam nhap cua déng
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trong mang tinh thé cia ZnO tao ra cac cdu trac cia pha tinh thé micro, Cu®* va
Cu* s& 1an luot thay thé cho Zn®" trong mang tinh thé cua ZnO. Sau dé, cac ion
AIP* s& dugc phén tan vao hé, thay thé cho cac ion Zn?* va Cu® trong cac
hydroxycacbonat trung gian va khi qua trinh nung xay ra, Al** 1an luot xam nhap
vao trong cac hdc trong bat dién va tr dién trong mang tinh thé ctia ZnO hoic CuO
do c6 ban kinh ion nhé hon [13, 106]. Do d6, su phan bd clia cac oxit trong vat li¢u
tong hop theo phuong phap két tia nhiéu bac t6t hon so v4i phuong phap dong két
tua.

Mit khac, sy phan tan tot cia nhom trong miu gitip ngdn can qua trinh két ty
va phét trién clia cac hat ZnO va CuO, dan t6i kich thudc tinh thé ciia ZnO va CuO
giam [107], do d6, dién tich bé mit riéng va kha ning hap thu luu huynh cta miu
vat liéu bién tinh bang phuong phap két tiia nhiéu bac cao hon.

Tuy nhién, xét vé& cach thirc tién hanh qua trinh téng hop vat liéu thi phuong
phap dong két tia don gian hon so véi phuong phap két tia nhiéu bac, nén lua
chon phuong phéap dong két tia dé tong hop vat liéu bién tinh CuO-ZnO-Al,Os.

Nhu vay, vé mit khoa hoc co thé théy réng, ¢ thé téng hop duogc vat liéu
Zn0-Al,0; bién tinh bang CuO, ¢6 hiéu qua trong viéce xir Iy H,S. Tuy nhién, xét
vé khia canh thyc tién, hién tai & Viét Nam, cac vat liéu tién tién nhu trén van chua
duoc tmg dung. Vi vy, dé dap tmg yéu cau dit ra, chung toi s& khong nghién ciru
trién khai ¢ qui mé 16n qui trinh tong hop vat liéu CuO-Al,0;3 ma chi tip trung
nghién ctru trién khai cac vat liéu tién tién trén co s& ZnO-Al,Os.

3.4.2. Nghién ctru tong hop vit ligu ZnO-Fe,05-Al,0;
3.4.2.1. Tong hop vit liéu Fe,05-Zn0O nano/ZnOmicro

Cau trdc tinh thé cua cac vat lieu Fe,O; va micro-nano ZnO (FZ
nano/ZnOTM) dugc trinh bay trong hinh 3.31.
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Hinh 3.31. XRD cua vit li¢u t
Hinh 3.33 trinh bay ciu trdc té vi cua vat liéu hap thu té hop trén co so
Fe,O3 va micro-nano ZnO.
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Hinh 3.33. Anh SEM cua vat liéu trén co sé Fe,O3 va micro-nano ZnO véi cac
ti 1€ Fe,O3 nano/ZnO nano/ZnO TM (%): (a) 1/14/85; (b) 4/11/85; (c) 8/7/85.
So sanh vai hinh théi vat liéu ZnO thuong mai va té hop micro-nano ZnO
trong hinh 3.33 c6 thé nhan thay sy khac biét rd rét vé do phan tan cua céc tiéu
phan oxit kim loai dbi v&i cac mau vat liéu khac nhau. Cu thé, ddi voi mau vat
liéu ZnO nano mang trén ZnO thuong mai, cac nano ZnO khoéng dugc phén tan
trén bé mat ZnO thuong mai ma duoc tao thanh & dang tim xop, mong, biét lap;
véi mau cua sit va kdm nano mang trén ZnO thuong mai, mot luong nhé cac hat

nano da dugc phan tan trén bé mat hat ZnO thuong mai, trong khi phan 16n van két
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tu thanh cac dam biét lap, ching to, kha nang bdm dinh cta cac hat nano ZnO da it
nhiéu duoc cai thién nhd su c6 mit cua nano oxit st ¢ trong mau vat ligu. Doi
V6i truong hop ham luong sit 1%, cac hat nano va ZnO thuong mai khong phan
tan kém, ca hai truong hop ham luong st 1% va 8%, cac nano ¢ xu huéng co cum
thanh céc tim hoic thanh dang béng hoa.

Dién tich bé mat riéng cua cac mau vat lidu dugc trinh bay trong bang 3.15.
Két qua trén bang 3.15 cho thay, viéc dua to hop cac nano oxit kim loai sat va kém
Vi céc ti 16 khéi luwong khéc nhau I1&n trén bé mat ZnO thwong mai déu khdng cai
thién dang ké dién tich bé mat riéng cua vat liéu ZnO thuong mai.

Bang 3.15. Dién tich bé mit riéng (Sget) va dung lwong hap thu cwe dai cia

vat liéu
Vit ligu Ti 18 F/Z/1ZnOmy (%) Sger, M°/g
ZnO thuong mai - 9,8
Micro-nano ZnO 0/15/85 13,2
1/14/85 16,0
FZ-nano/ZnOqy 4/11/85 15,4
8/7/85 15,3

3.4.2.2. Nghién ciru téng hep vat ligu hdp thu té hep Fe,05-Zn0O nano-micro
bién tinh véi Al,O3 va CuO.
a) Nghién cizu lira chon chat bién tinh thich hop

Hinh 3.34 trinh bay cau tric té vi cua vat liéu hap thu to hop trén co sé Fe,03
va composit micro-nano ZnO bién tinh bai cac chat xdc tién y-AlL,O; va CuO Vi
ham lugng 4% khdi luong. Két qua trrén hinh 3.34 cho thay, véi hai chat bién tinh
khac nhau la CuO va y-Al,O3, cac hat nano oxit kim loai da dugc phan tan tuong
dbi dong déu trén bé mat cac hat ZnO thuong mai. Bén canh d6, miu bién tinh

bang Al,O; cho thay su xuat hién caa mot lugng nhoé tam mong, x4p, ton tai biét
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lap khoi cac hat, duoc quy cho 1a su két tu cua cac nano oxit kim loai Al, Zn va Fe.
Tuy nhién, két qua phan tich vé dién tich bé mit riéng cua cac mau bién tinh (bang
3.16) lai cho thay viéc bién tinh bang y-Al,O; gitp ting cudng dién tich bé mat
riéng ciia mau vat liéu trong khi bién tinh bang CuO khdng cho thiy su thay doi
dang ké nao. C6 thé giai thich diéu nay la do y-Al,O5 c6 dién tich bé mit riéng
I6m, thuong Ién hon 300 m%/g, trong khi cac nano CuO c6 dién tich bé mat riéng
chi khoang 70 m?/g [47].

R ORERNESIN R, Lno; 1072272014

Hinh 3.34. Anh SEM caia vt liéu hap thu to hep trén co sé¢ Fe,05 va composit
micro-nano ZnO bién tinh béi (a, b) CuO (4%Kkl); (c, d) y-Al,O5 (4%KI).
Bang 3.16. Anh hwéng cia chat bién tinh dén dién tich bé mit riéng caa vat

liéu hap thu toé hep trén co sé Fe,05 va composit micro-nano ZnO

STT MAu vt liéu SgeT, Mg
1 Mau chua bién tinh 15
2 Bién tinh bang 4% CuO 18
3 Bién tinh bang 4% y-Al,05 46
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Két qua danh gia kha nang hap thu H,S (thoi gian hap thu 2h) caa cac mau
truéc va sau khi bién tinh duoc trinh bay trong hinh 3.35.

=
o

Dung lugng hip thu luu huynh sau
2h, gS/100g vat li¢u
O Rr N W H U1 OO N 0 O

Chuwa bién tinh 3% Cu0 3% y-Al203

Chit bién tinh

Hinh 3.35. Anh hwéng cia loai chit bién tinh dén kha ning hap thu H,S cia
vat liéu, véi thai gian hap thu 2h é nhiét @9 phong

Két qua trén hinh 3.35 cho thay, khi bién tinh bang CuO, dung lugng hap
thu cua vat liéu (sau 2h) ting 1én 2% so véi trudc bién tinh, trong khi d6, viéc bién
tinh bang y-Al,O; lai dan dén giam nhe dung luong hap thu luu huynh cia vat liéu.
Két qua nay phi hop véi két qua nghién ctru cua Jiang va cong su [54] khi ché tao
vat liéu hap thu H,S trén co s& ZnO bién tinh vai Al,O; hoic CuO, dién tich bé
mit riéng caa vat liéu hap thu trén co sé ZnO va Al,O3 cao hon nhung dung lugng
hap thu Iuu huynh lai thip hon so véi vat liéu hap thu trén co s¢ CuO va ZnO.
Diéu nay co thé duoc giai thich 1a do CuO & dang nano ¢ kha ning phan (ng Véi
H,S rat nhanh tao thanh CusS, trong khi d6 y-Al,O5; khong phan tng voi H,S ma
chi déng vai tro gitip lam ting cuong sy phan tan cia Fe,0; va ZnO [54]. Két qua
nay ciing chung t6, dién tich bé mat riéng khdng phai 1a yéu té quyét dinh dén
dung lwong hip thu H,S cua vat liéu, ma ban chat cua chat bién tinh méi 1a yéu
t6 quyét dinh.
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Nhu vay, CuO duoc lya chon la chat bién tinh cho vat liéu Fe,Os/nano-
micro ZnO, duoc hra chon cho céc nghién cau tiép theo.
b. Khdo sét su dnh huéng ciia ham heong chat bién tinh

Két qua vé anh huong cua ham lwgng CuO dén dung luong hép thu luu
huynh cuc dai cua vat liéu nano-micro ZnO bién tinh vé&i Fe,05 va CuO (ki

hiéu la CFZnano/micro) duoc trinh bay trong hinh 3.36.

18
16
= 14
- 12
| l l
1 2 3 4 5

Ham Iwvgng CuO, % ki

Dung luong hép thu luu huynh cuc
dai, gS/100g vat liéu

O N b OO

Hinh 3.36. Anh hwéng ciia ham lwong CuO dén dung lweng hap thu

H,S cua vat li¢u trén co sé Fe,O3 va nano-micro ZnO & nhiét d phong
Két qua cho thiy, khi ting ham lugng CuO trong khoang tir 1% dén 4% kI,
dung lwong hap thu luvu huynh cuc dai cua vat lidu c6 xu huéng ting 1én va dat
cuc dai (17,59 S/100g vat liéu) khi duoc bién tinh v&i 4% CuO. Tang tiép ham
lwgng cua CuO 18n 5%, dung lwong hip thu luu huynh cua vat lidu gan nhu khong
ting theo, dat 17,49 S/100g vat liéu. Theo két qua nghién cau cua
K.Polychronopoulou va cong su [44], viéc c6 mat cac nano CuO, Fe,Os3 va ZnO cé
thé tao ra cac nhom oxi d& bi khir boi H,S trén bé mit hat oxit, diéu nay déng
nghia sunfua kim loai dugc tao ra mot cach dé dang hon, khién dung lugng hap
thu H,S ting 1én. CuO déng vai tro 1a chat van chuyén S dén ZnO tao thanh ZnS
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bén nhiét dong [108]. Khi ting ham lwong CuO Ién, s6 tdm hoat dong CuO ciing
tang 1én dan dén tang hiéu suat tao thanh ZnS. Tuy nhién, khi ting CuO dén ham
lugng 5%KI c6 thé dan dén sy két tu cac hat nano CuO 1am giam téc d6 tuong tac
cta CuO vdi S%, do d6, dung lugng hap thu cua vt liéu khong dwoc cai thién. Nhu
vdy, ham luong chit bién tinh CuO thich hop duoc lya chon 13 4% K.
c. Khdo sét sw anh hwong ciia phwong phdp dwa chdt bién tinh vao vat lidu

Trong noi dung nay, hai phuong phap bién tinh khac nhau di dugc khao sét
la phuong phap dong két taa trén ZnO micro (goi tat 1a dong két tia) va phuong
phap tam mudi trén ZnO micro (goi tat 1a phuwong phap tam). Anh huong cua
phuong phap bién tinh dén kha ning hip thu luvu huynh caa vat liéu duoc thé hién
trén hinh 3.37.
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Hinh 3.37. So sianh dung lwong hap thu cwe dai & nhiét dd phong cia hai
phwong phap bién tinh bang ngdm tam va dong két tia

Tir dd thi cho thay, véi cac ham luong khac nhau cua CuO, vat liéu bién tinh
bang phuong phap ngam tam c6 dung lwong hip thu thip hon so v6i phuong phap
dong két tna. CO thé giai thich diéu nay la do bang phuong phap dong két tiaa,
cac dung dich mudi cua Zn, Fe va Cu duogc tron vai nhau va két taa ddng thoi, vira

gitp giam thiéu qué trinh két tu hat cing loai do su can tré cua hat khac loai, déng
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thoi cac nano oxit sat, kém va déng duoc phan tan dong déu vao nhau hon so voi
phuong phap tam, nhd d6 phat huy duoc hiéu tng hiép trg ciia cac nano oxit kim
loai. Ngoai ra, ty 1& cua cac nano oxit kim loai c6 thé duoc diéu khién dé dang theo
phuong phap dong két tua.

Nhu vay, phuong phap déng két tua van 1a phuwong phéap bién tinh hiéu qua
hon so vé&i phuong phip ngam tam trong truong hop bién tinh cho vat liéu cua
nano-micro ZnO va nano Fe,05 ding cho muc dich hap thu H,S & nhiét do thap.
3.4.2.3. Danh gia cdc dac tinh hoa ly va kha nang xie ly H,S cua vt ligu CuO-
Fe,03-ZnOnano/ZnOmicro thanh phém

CAu truc tinh thé cua céc vat lidu hip thu trén co so to hop Oxit kim loai

duogc trinh bay trong hinh 3.38.
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Hinh 3.8: Gian @6 XRD ciia cAc mau vat ligu:
a- ZnO micro;
b- 15%Zn0Onano/85% ZnO micro;
c- (4% Fe,03+11% ZnO)nano/85% ZnO micro;
d- (4% Cu0O+4%/Fe,03+7%Zn0O)nano/85%Zn0O micro
Két qua trén hinh 3.38 cho thay cac mau ZnO micro va mau té hop nano-

micro ¢ gian 6 XRD gan giéng nhau va tring véi phd chuan cua ZnO (Joint
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Committee on Powder Diffraction Standards_ JCPDS_Card No. 36-1451). Theo
d6, cac gia tri hang s6 mang a, ¢ lan luot 1a 3,24A va 5,21A, ti s6 c/a = 1,608.
Ngoai ra, duong nén phd thap chiing té san pham thu duoc c6 do tinh khiét cao.

Két qua dic trung tinh chét ciu tric té vi cua cac vat liéu bang phuong phap
TEM dugc trunh bay trén hinh 3.39.
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Hinh 3.39. Anh SEM ciia céc vat ligu khac nhau: a- ZnO micro; b- 15% ZnO
nano/85% ZnO micro; c- (4% Fe,03;+11% ZnO)nano/85% ZnO micro;
d- (4% Cu0O+4%Fe,03+7%2Zn0O) nano/85%2Zn0O micro

C6 thé nhan thay su khac biét rd rét vé do phan tan cua cac tiéu phan oxit kim

&
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loai ddi voi cadc mau vat lieu khac nhau. Cu thé, dbi véi mau vat liéu ZnO nano
mang trén ZnO micro, c&c ZnO nano khong dugc phan tan trén bé mat ZnO micro
ma duogc tao thanh ¢ dang tim xp, mong, biét 1ap; voi mau cua st va k&m nano
mang trén ZnO micro, mot lwong nho cac hat nano di dwgc phan tan trén bé mat
hat ZnO micro, trong khi phan Ién van két tu thanh cac dam biét lap, ching to kha

ning bam dinh cua c4c hat nano ZnO d3 it nhiéu duoc cai thién nho sy ¢d mit cua
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nano oxit sat co trong mau vat liéu. Mau trén co s& to hop cua cac nano oxit Cu, Fe
va Zn mang trén ZnO micro c6 mic do phan tan dong déu cua cac hat nano trén bé
mat micro, khéng quan sat thdy cac nano hinh thanh biét 1ap, cho thay hiéu qua
cua Ccac nano oxit sit va ddng trong viéc hd trg phan tan cho cac hat nano oxit
k&m trén bé mit ZnO micro. Hinh 3.40 trinh bay két qua phan tich thanh phan
mau vat lieu (4%CuO+4%Fe,03+7%Zn0) nano/85%Zn0O micro bing phuong

ops
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Energy (ke\)
phap phé tan xa nang luong tia X (EDX).
Hinh 3.40. Phé EDX ciia miu (4%CuO+4%Fe,05+7%Zn0) nano/85%Zn0O
micro
Bang 3.17. Thanh phan cia miu (4%CuO+4%Fe,04+7%Zn0)nano/85%2Zn0
micro phan tich bang phwong phap AAS.

STT | Thanh phan Theo ly thuyét, %kl | Theo thuc té, %okl

1 Zn0O 92,0% 92,0%
2 Fe,O3 4,0% 4,0%
3 CuO 4,0% 3,9%

Két qua trén gian d6 EDX cho thay sy xuat hién cua cac pic dic trung cho su
c6 mat caa cac nguyén té Zn, O, Cu va Fe trong mau vat liéu, khdng quan sat thay
pic dic trung cho su c6 mat cua cac nguyén té khéc, chung to vat ligu co do tinh

khiét cao.

114



Két qua vé thanh phan céc oxit kim loai trong bang 3.17 cho thay vat liéu XT3
¢ do tinh khiét cao, dat 99,9%, trong d6, ZnO chiém 92,0% khdi luong, Fe,O;
chiém 4,0% khéi lugng, CuO chiém 3,9% khdi lwong. Céc két qua phan tich nay
gan dung voi cac tinh toan theo ly thuyét, ching to, qué trinh téng hop vat liéu 1a
phu hop.

Dién tich bé mit riéng va dung lugng hap thu cuc dai ctia cac miu vat liéu
duoc trinh bay trong bang 3.18.

Bang 3.18. Dién tich bé mit riéng (Sger) va dung lwong hap thu luu huynh

cwc dai cia vat liéu ¢ nhiét d¢ thwong

STT Vit liéu Sger, | Dung lwong hap thu cuc
m%g | dai, g S/100g vat liéu
1 ZnO micro 9,8 0,59
2 15%2Zn0Onano/85%2Zn0Omicro (XT1) 13,2 1,53
3 (4%Fe,03+11%2Zn0O)nano/85%Zn0O 154 3,1
micro (XT2)
4 (4%CuO+4%Fe,03+7%Zn0O)nano/85 19,0 17,36
%Zn0 micro (XT3)
5 (4%Cu0+11%2Zn0)nano/85%Zn0O 16,7 3,08
micro
6 Zn0O nano (XT4) 71,0 7,91

Két qua trén bang 3.18 cho thdy, mic du viéc dwa cac nano oxit kim loai
hoac t6 hop céc oxit kim loai 1én trén bé mat ZnO micro khdng cai thién dang keé
dién tich bé mit riéng caa vat liéu ZnO micro, nhung gitp ting cudng dang ké
hiéu qua hap thu H,S cua vat liéu. Cu thé, ZnO micro c¢6 dung luong hap thu
cuc dai thip nhat, dat 0,59 gS/100g vat liéu. Khi tim don 1¢ ZnO nano lén trén
ZnO micro (XT1), dung lwong hip thu cuc dai cua vat liéu thay dbi khong dang

ké so voi ZnO micro. Khi tam 18n ZnO micro t6 hop caa ZnO nano véi kim loai
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chuyén tiép Cu va Fe (XT2 va XT4), dung luong hap thu cuc dai cua vat liéu cé
xu hudng duoc cai thién rd hon (lan luot dat 3,1g S/100 g vat liéu va 3,08g S/100
g vat liéu). Khi bién tinh ZnO micro bang t6 hop cuia nano oxit kém, dong va sat,
v6i phan tram khéi luong lan luot 13 7%, 4%, 4%), vat liéu thu duoc (XT3) c6
dung luong hip thu cuc dai cao nhét, dat 17,36g S/100g vt liéu, cao hon han so
Vvéi vt liéu ZnO micro va vat liéu tAm nano ZnO don 1¢ hoic té hop ctia hano ZnO
véi nano CuO hoac Fe,0s. Trong khi do, vat liéu cé chira 100%2Zn0 nano c¢6 dung
lwgng hap thu cuc dai khéng cao, chi dat 7,91 gS/100g vat liéu.

Diéu nay co thé duoc giai thich 1a do hiéu qua cua su két hop giita cac nano
oxit cua Zn, Cu va Fe. Theo nghién ctru cua R. Wolfgang va cong su [108], CuO
phan tng rat nhanh véi H,S dé tao thanh CuS nhung phan ¢ng chi xay ra trén bé
mat cac hat CuO. Tréi lai, ZnO tuy phan tng cham vd&i H2S nhung lai ¢6 dung
luong hap thu H,S cao do san pham tao thanh ZnS dang khéi c6 d6 bén nhiét
dong, kho tai sinh hon. Tuong ty nhu dong, hop chat cua sat c6 thé phan ¢ng rat
nhanh véi H,S ¢ nhiét do thuong [109]. Khi cac nano oxit Cu, Fe va Zn duoc phén
tan ddng thoi trén bé mat cac hat ZnO micro, H,S ¢ mat trong dong khi, dau tién s&
hap thu trén CuO va Fe,0s, sau d6 sunfua dugc chuyén téi oxit ZnO dé hinh thanh
ZnS. Toc d6 hap thu nhanh H,S trén oxit sit va dong két hop véi dung luong hap
thu H,S 16n ciia kém oxit va do bén nhiét dong cua san pham tao thanh (ZnS) chinh
la mau chét cua su tang hiéu suat loai bo H,S cua vat liéu.

3.5. Nghién ctru vién hap thu trén co sé nano ZnO

. Nhu d3 trinh bay & phan trén, cac phuong phap tong hop khac nhau tao ra
cac vat lidu ZnO bot co kich thudc cac tiéu phan khac nhau, tir dang nano dén
micro. Khi tao vién hip thu trong céng nghiép, tén chit Zno ban dau co thé anh
huong dén do bén xdc tac va kha ning hap thu cua vat liéu. Két qua kha sat duoc

trinh bay trong bang 3.19.
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Bang 3.19. P bén co hoc va ciu tric xop caa vat liéu ZnO dang vién nén tir

cac san pham trung gian c6 hinh dang va kich thwéc khac nhau

Loai vat liéu P bén co hoc | Sger (M?/g) | Kha ning hép thu
(N/cm) (% S)
ZnO nano flower 41,5 71,9 51,5
ZnO micro 43,5 10,9 28,8
Zn0O nano/ZnO micro 50,0 18,6 40,0
Zn0O-Al,03/Zn0O micro 43,6 20,3 32,0

Céc so liéu tir bang 3.19 cho thay céc vat liéu trung gian véi hinh dang va
kich thudc tinh thé khac nhau (tir kich thudc nano dén kich thudc micro) déu cé
kha ning tao dugc vién c6 d6 bén co hoc cao (dao dong trong khoang 41,5 N/cm
dén 50,0 N/cm). Tuy nhién, hinh dang va kich thudc san pham trung gian truée khi
tao vién lai anh huéng manh dén dién tich bé mit riéng caa vién. Trong d6, vat liéu
trung gian ZnO c¢d dang nano flower cho vién ZnO cd dién tich bé mit riéng cao
nhat, cao gap nhiéu 1an so véi vat liéu di tir ZnO trung gian co kich thuéc tinh thé
c& micro va gap 3 lan vat liéu hdn hop ZnO nano/ZnO micro va ZnO-Al,05/Zn0O
micro. Dic biét, c6 su khac biét manh vé kha nang hap thu hop chat luu huynh
gitra cac vat liéu vién duoc ché tao tir cac bot ZnO cé kich thuéce hat khac nhau
(chénh léch gan hai lan (51,5 % S so véi 28,8 % S) gitra mau co kich thuéc hat
nano flower va mau c6 kich thudc hat micro) va 1,39 lan (40,0% S so véi 28,8% S)
gitta mau c6 hop phan hat nano két hop hat micro vd mau c6 kich thuéc hat
micro). Nhu vay, hinh dang va kich thuéc hat trung gian it anh huéng dén do bén
co hoc cua vién ZnO nhung anh huéng manh dén dién tich bé mit riéng va kha

nang hap thu cua vién vat liéu.
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3.6. Nghién ciu phi vat liéu [&n chat nén
3.6.1. Nghién ciru thanh phan ctia gém monolit sir dung

Nhu d3 giéi thiéu trong phan tong quan, gdm monolit duoc lya chon sir dung
lam chat mang tam céc pha hoat tinh. Gém sir dung trong nghién cau 1 cordierit
monolith ¢éng nghiép c6 xuat xa Trung Quédc, voi mat dd kénh 200 cpsi. Thanh

phan hoa hoc cua loai monolit dugc dua ra trén gian d6 EDX trén hinh 3.41 va
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Hinh 3.41. Gian dd EDX cia miu cordierit monolit

Bang 3.20. Thanh phan hoa hoc cia mau cordierit

Nguyén to Ham lwong (% kI)
SiO, 51,58
AlLO, 3457
MgO 13,67
Zn0O 0,02

Céc két qua trong bang 3.20 cho thay, thanh phan chinh cua monolit 14 SiO,
(51,58%), Al,O5 (34,57%), MgO (13,67%), va mot lwong nhé ZnO (0,02%), gin
nhu Gmg ding véi thanh phan cong thic cordierite (2Mg0.5Si0,.2A1,03). Ngoai
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ra, gian d6 EDX ciing cho thay vat liéu monolit con chira mét lwgng nhé cac hop
chat cua Na, Ca, K, Ti va Fe.
3.6.2. Nghién ctu dnh hwéng cia phwong phap pha dén tinh chit bén co hoc
cua vat liéu
a. Phu chat mang trén nén monolit bang phwong phdp nhiing trong sol
Anh SEM ctia mau monolit truc va sau khi phu chat mang bang phuong phap
nhiing sol dugc chi ra trén hinh 3.42. Anh trén hinh 3.42b cho thay rd nét cac l6p
chat mang bam vao bé mit nén gbm monnolit khong déu, bi bong troc. Piéu nay
dugc gia thuyét do ham lwong sol nhém thip va do lwong dung mdi H,O 1én
(H,0~98% kI véi ti 1¢ mol H,O/Al 1a 100/1), nén qua trinh siy nung, du da gia nhiét
tir tir, tao ra mot lwong 16n dung moi thoat nhanh anh huong dén d6 bam dinh va
ddng déu caa 1op phu. Pay chinh 14 nhuge diém 16n caa phuong phép nhing trong
sol khi phu chit mang trén chat nén monolit [85-89]. Anh SEM trén hinh 3.42c
phong dai 16p tim & mot géc 16 gbm (h.3.42b) cho thay 15 phong né kha rd da minh
chung cho gia thiét trén. Ham luong bam dinh cua 16p tam chiém khoang 5,8% so
vé6i khéi lugng nén monolith. Bé kiém tra do bén bam dinh caa 16p phu, thuc nghiém
rung siéu 4m di duoc tién hanh. Két qua cho thay, sau khi rung siéu am, I6p phu bi

bong gan nhu hoan toan (giam dén 95% khdi lwong sau khi siéu am).

*

Hinh 3.42. Anh SEM ciéia miu monolith trwéc khi phii chat mang (a) va sau

khi phia chat mang bang phwong phap nhing trong sol (b, c)
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b. Phii nhdém oxit bang phirong phdp nhiing trong hon hop huyén phu va sol

Tir két qua thu duoc v6i phuong phap tdm bang sol nhdm, nham ting ham
lwgng nhém trong dung dich phi dé ting bé day 16p phi cho mét lan nhing, dong
thoi giam ham lwong nude dé khic phuc dwoc hién twong ntt v bé mat va bong
tréc 16p phu do bay hoi nuéc nhanh trong qua trinh xir ly nhiét, 16p oxit nhém tam
1én duoc thyc hién bang cach két hop sol nhém véi huyén phu boehmit. Uu diém
cua viéc str dung huyén phil boehmit 1a ham luong nude trong boehmit 1a khoang
30%, thap hon nhiéu so véi sir dung sol nhdm & trén (H,0~98% (k1) va ham luong
nhém oxit trong dung dich phu ciing duoc ting 1én dang ké.

Anh SEM cua miu sau khi phu bang phuong phép nhung trong hdn hop
huyén phu va sol dugc thé hién trong hinh 3.43. Két qua cho thdy da thu duoc l6p
phu khé day, chiém khoang 11,2% kI sau 3 1an nhing. Lép phu di trang twong ddi
déu trén bé mat monolit (h.3.43a, b). Tuy nhién hién twong bong tréc mot phan van
quan sat thdy (h 3.43c). D6 bén cua I6p phu ciing duoc kiém tra biang thuc nghiém
rung siéu am. Két qua cho thay, khoang 50% khéi lwong Ié6p phu da bi bong ra

khoi khdi chat nén monolit.

Hinh 3.43. Anh SEM cia miu monol

nhang trong hén hop huyén phu va sol

wlanioriie s i B 20

it phii chat mang bang phwong phap
Nhu vay, véi lugng dung méi thap, hién tuong phong rop da khong con quan

s4t thay. Tuy nhién hién tuong bong tréc van chua duoc khac phuc hoan toan, do

day 16p tim va kha ning bam dinh chua cao.
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¢. Phi chdt mang trén nén monolit bang phirong phdp nhiing trong huyén phi

Dé cai thién kha ning bam dinh va d6 day 16p phu, phuong phap nhing
monolit hoan toan trong dung dich huyén phu da dugc thuc hién. O dy, chat két
dinh hitu co da duoc str dung thay vi dung sol nhdm. Hinh 3.44 gidi thiéu anh
SEM thu duoc sau khi pha va xir Iy nhiét. Két qua cho thay, mét Iop phu khé day,
trai déu va chac chan trén thanh monolit, khong cé hién twong nit bé mat 16p phu.
Bé day cua I6p chat mang 1én vao khoang 150 pm, 16n hon rét nhiéu so véi bé day
cua 16p chat mang phu theo phuong phap nhing trong sol. Sau 3 1an nhing, ham

luong 16p chat mang oxit nhém duoc phu da dat 21,4% khéi luong.

|/ 7 LR TR R

[ 88800-NIHE 10.0kV 8.6mm x30 SE(M) 12/6/2014kc, 1.00m 500um

Hinh 3.44. Anh SEM ciia mau monolith phii y-Al,O; bang phwong phap

nhang trong huyén phu
Do bén bam dinh cua 16p phu ciing dugc kiém tra bang rung siéu am. Két qua
cho thay I6p phu sau khi rung siéu am chi bi mat khoang 8% khéi luong so véi
truée d6. Piéu ndy minh ching rd nét thém qua anh SEM (hinh 3.45) cua mau tam
truéc va sau khi rung siéu am. C6 thé thay, 16p phu trude va sau khi rung siéu &m

gan nhu khong ¢ gi thay doi ca vé do day ciing nhu bé mat xp cua l6p phu.
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Hinh 3.45. Anh SEM tai cac d§ phong dai khac nhau ciia mau monolit phi y-
Al O3 bang cach nhdng trong huyén phtl sau khi rung siéu am

Nhu vay voi ham lugng nhdm 16n trong huyén phu, 16p tam thu duoc di kha

day va trai déu trong cac 16 ong cia gom monolith. Céc hién tuwong bong troc

khong con co thé do dic tinh caa chat két dinh hitu co da thay doi strc sing bé mit,

d6 nhat, do d6 cai thién dang ké kha nang tiép xtc cua huyén phu véi nén gém va
tir d6 cai thién do bam dinh cua 16n tim thu duoc sau khi xir 1y nhiét.

Pé danh gia sau hon tinh chét hinh thai cua I6p phu, anh SEM cuaa bé mat

monolith truée va sau khi phii chit mang theo phuong phap nhiing trong huyén

phu & d6 phong dai I6n hon dugc dua trong hinh 3.46.

H|nh 3 46 Anh SEM cria be mat mdu monollt truwoc (a) va sau khi phudchat
mang (b) bang phwong phdp nhiing trong huyén phl
So véi bé mat monolit trude khi pha (hinh 3.42a) c6 thé thay rang, sau khi

pht bang phuong phap nhung trong huyén phu, trén bé mat monolit xuat hien mot
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l6p phit x6p cua oxit nhom. Dac tinh x4p nay cua 16p phu s& cho phép phan tan rat
hiéu qua 16p hoat tinh cling nhu cho qua trinh xtr ly khi sau nay (hinh 3.46b).

Nhu vay c6 thé két luan ring phuong phap nhung huyén phu cho két qua tét
nhat véi viéc tim 16p oxit nhdm xdp 18n bé mat monolit. Do d6, phuong phap nay
s& duoc lya chon dé phu I6p chit mang y-Al,O3 trén nén monolit & cac thuc
nghiém tiép theo.

3.6.3. Khao sat qua trinh pha vat liéu hap thu trén co sé ZnO trén nén y-
Al,Os/Monolit.
3.6.3.1. Khdo sat qué trinh pha “don lop”oxit ZnO

Sau khi d3 ché tao dugc vat lidu c6 cAu tao gdom chat mang y-Al,O5 phu trén
nén monolit, tién hanh phan tan pha hoat tinh ZnO 1én bé mit chat mang y-Al,O4
bang phuong phap tam bang mudi kém roi xir ly nhiét. Thuat ngir “don 16p” ¢ day
ham y 1a qué trinh phu phai dam bao ZnO dugc phéan tan dong déu véi kich thudc
hat nhé trén chat mang y-Al,O3 da duoc phu l1én chat nén. Thong thuong, c6 hai
cach tim mudi Ién chat mang I tim khd va tim w6t. Tam khé 1a qué trinh ma ¢ do,
mdt lugng mudi xac dinh duoc hoa tan trong mot luong dung mdi phit hop (thudng
1a nude) dang bang thé tich 16 xop cua vat liéu mang. Vat liéu mang duoc xi 1y
trong chan khong dé tach khdng khi khoi cac 15 xdp, sau dé, dung dich mudi duoc
dua vao tiép x(c voi chat mang. Do thé tich dung dich dung bang thé tich 16 xop
nén toan bo luong dung dich s& chui va trong mao quan va bé ngoai cia mau van
c6 vé “khd”. Tuy nhién, trén thuc té, véi luong dung dich sir dung la qué it, cac
mudi rat kho bi hoa tan hoan toan nén lwgng dung dich sir dung thudng cao hon so
véi ly thuyét va qué trinh khéng hoan toan con la qua trinh tam “khé”. Qua trinh
tam w6t 1a qua trinh trong d6, chit mang duoc phan tan huyén pho trong dung dich
chtra mudi kim loai cdn mang. Qua trinh thuong dién ra & nhiét do thap, c6 khuay,
trong vai gio. Tién hanh loc, tach chat mang khoi dung dich mudi réi siy kho. Tuy

tinh hinh, c6 thé tién hanh lip lai qua trinh tim nhiéu lan dé ting ham luong kim
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loai mang trén chat mang. Trong ca hai phuong phap trén, k¥ thuat xir ly nhiét co
anh huéng 16n dén sy phan tan cua pha hoat tinh trén chit mang. Thuong thi qua
trinh say kho duoc tién hanh & nhiét do6 moi truong, qua dém va qua trinh nung
duoc tién hanh véi tde @6 gia nhiét tir tir, khoang 0,5 °C/phut. Trong trudng hop cu
thé cua dé tai nay, do chit nén da duoc dinh hinh (khung gém té ong) chir khdng
phai ¢ dang bot nén viéc 4p dung qua trinh tam khd 1a khdng thé. Vi vay, phuong
phap tim udt da duoc lya chon. Ngoai ra, viéc sir dung khuay trong truong hop
nay 1a khdng pht hop. Vi vay, giai phap ngam vat liéu gém da duoc tdm chat mang
vao dung dich mudi kém da duogc lya chon.
Céc két qua khao sat anh hudng cta cach tam dén ham luong ZnO sau mdi

1an tam duoc trinh bay trong bang 3.21 va bang 3.22.

Bang 3.21. Ham lwong ZnO sau mdi lin tam theo cach thir nhat

STT Mau S6 Ian tAm | Lwong ZnO da duoc phén tan (% ki) ©
1 M1 1 0,025
2 M2 2 0,050
3 M3 3 0,062
4 M4 4 0,075
5 M5 5 0,087
6 M6 6 0,087

© Lurong ZnO da dwoc phén tén dwoc tinh bang hiéu giita lwong ZnO do dwot va
lirong ZnO ¢6 san trong chat nén monolith

Céc két qua trong bang 3.21 cho thay, ddi voi cach thir nhat, sau 1an nhiing
dau tién ham lwong ZnO mang trén v 4t liéu dat dwoc 0,025% khdi luong (S0 V6i
khbi monolith). Sau 1an nhung thtr hai, lwong ZnO trén monolith ting 1én kha nhiéu
(0,050%). Tang sb 1an nhung, ham luong ZnO ting 1én nhung muc do ting khong
nhiéu. Pén 1an nhung thu sau thi ham luong ZnO khéng ting 1én nura . Piéu nay co

thé duoc giai thich la trong nhirng lan nhung dau tién, dung luong hap phu cua chét
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mang y-Al,O; chua bi bdo hoa nén Zn(NO;), c6 thé dé dang hap phu trén bé mat
cua chat mang. Tang s lan nhing, lwgng Zn(NOs), hap phu trén y-Al,Os ting 1én
nén kha ning hap phu Zn(NO,), giam di so véi lan trude d6. Ngoai ra, co thé con
xay ra hién tuong hoa tan mét phan nhoé mudi kém di duoc mang 1én trén chét
mang o nhung lan tim truoc.

Bang 3.22. Ham lugng ZnO sau mdi lan tim theo cach thi hai

STT Miu S6 1an tam Ham lwong ZnO da phén tan duoc, %Kkl
1 M7 1 0,025
2 M8 2 0,075
3 M9 3 0,112
4 M10 4 0,150

Doi v6i phuong phép 2, két qua trong bang 3.22 cho thay, sau lan tam thu hai,
ham luwong ZnO trong mau da tang 1én rat nhiéu so voi lan tam dau tién (0,075% so
V6i 0,025%) va cao hon han so véi phuong phap thir nhat & cing cong doan. O céc
lan tam tiép theo , ham lugng ZnO ting 1én ¢ Ung véi s6 1an tim nhung khong ting
nhiéu nhu d 6i voi 1an tim thu hai . Ham luong ZnO trong mau tam theo cach thi
hai cao hon nhiéu so voi ham lwong ZnO trong mau tam theo cach thu nhat (& ciing
s0 lan tam ). Vi cach thir hai, sau lan tam thu tu , ham luong ZnO di dat 0,15%,
trong khi véi cach thir nhat, sau 6 1an tam ciing chi c6 thé dua dugc ZnO 1én chat
nén va chat mang véi ham luong 0,087% khéi luong. RS rang rang , cach thi hai
mang lai hiéu qua k ¥ thuat cao hon rat nhiéu so voi cach thu nhat . Hiéu qua cua
cach tAm nay c6 thé duoc giai thich 13 sau qué trinh nung , mudi kem nitrat da
chuyén hoa thanh ZnO g an trén bé mat chat mang y-Al,Os, khong gy anh huong
toi kha ning hap thu Zn (NO3), ciia chit mang , dong thoi cung khong xay ra hién
tuong ton that lugng vat chat di dugc tim do sy hoa tan tro lai méi truong tam.

Tu cac két qua trén co thé rut ra két lyan : cach tam thw hai cho hiéu qua cao
va la cach thich hop dé phén tan pha hoat tinh ZnO trén chat mang y-Al,O;. Dé dat

ham lugng ZnO 0,15% can thuc hién 4 lan tam.
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3.6.3.2. Khdo sat qua trinh phi don I6p oxit ZnO bién tinh béi Fe,05, CuO

Cac oxit ZnO, CuO, Fe,0;3 dugc phan tan bang phuong phap tim w6t dung
dich hdn hop mudi cac kim loai trén nén y-Al,Os/Monolit réi xir Iy nhiét. Qua
trinh tim w6t duoc thuc hién ¢ nhiét do thip va dwoc lap lai nhiéu lan dé ting
ham lwong kim loai mang trén chat mang. K thuat xi Iy nhiét ¢ anh huong 16n
dén su phan tan va do bén cua pha hoat tinh trén chat mang. Nhim thu dugc pha
hoat tinh bén va dong nhat, qua trinh siy khé duoc tién hanh ¢ nhiét d6 moi
truong, qua dém va qua trinh nung duoc tién hanh véi toe do gia nhiét tir tir, khoang
0,5°C/phdit.

Két qua nghién ctru anh huong cua sé 1an tim dén ham luong pha hoat tinh
dugc trinh bay trong bang 3.23.

Bang 3.23: Ham lwong pha hoat tinh theo sé lan tam

STT | S6 lan tam Ham lwong pha hoat tinh di dwec phan tan, %kl
ZnO Fe,O3 CuO

1 1 0,152 0,002 0,003
2 2 0,163 0,008 0,007
3 3 0,178 0,009 0,008

) Ham lirong cua oxit kim logi da dwoc phan tan 1én monolit dwoc tinh bang hiéu
giira tong lirong oxit kim logi do dwoc va lirong oxit kim logi ¢6 san trong chdt nén
monolith

Céc két qua trong bang 3.23 cho thiy, sau lan nhing dau tién ham luong céc
nano Fe,03, CuO mang trén chat nén monolit con twong dbi it, lan luot 1a 0,002%
va 0,004% (so véi khdi monolit). Sau 3 lan nhing, luong Fe,04, CuO trén monolit
dat ham luong theo ty 16 mong mudn (92% ZnO : 4% CuO : 4% Fe,05).

Tir cac két qua trén co thé rat ra két luan: phi chat mang y-Al,O5 bang cach
nhang trong huyén phi véi su ¢6 mat cua chat két dinh hiru co; phu pha hoat tinh

ZnO micro bang cach nhidng trong huyén phi ZnO micro 3 lan, phi pha hoat tinh
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nano bang céch tim wét 3 l1an dung dich mudi. Lép phu thu duge co do bén cao,
khong bi bong tréc hay ran nat do siéu @m hoac xur ly nhiét.
3.6.4. Pdnh gid hoat tinh va dé bén hogt tinh cia vt lidu trong quéa trinh xa ly
H,S
3.6.4.1. Vat ligu oxit ZnO/y-Al,Oz/Monolit

Thue nghiém danh gia hoat tinh va dé bén cua vt liéu duoc thyuc hién trong
hé thiét bi dong lién tuc véi hdn hop khi chira 25 ppm H,S trong N,. Vat lidu hap
thu trong truong hop nay 1a cac manh gém t6 ong di dugc cua nhd, trén d6 phu
chat mang c6 tdm pha hoat tinh da diéu ché theo phuong phap da mé ta & trén.
Nhiét d6 qué trinh hap thu 12 300°C, téc do dong khi 4,8 I/h. Binh ky phan tich
ham luong H,S trong khi ra.

Két qua xi 1y luu huynh véi vat liu nano ZnO/y-Al,Os/Monlith dugc thé
hién trong bang 3.24. Két qua thuc nghiém cho thay, vat lidu da xir 1y dugc H,S
trong dong khi xuéng ndng do rat thap (cd 0,1 ppm). Hon nita, vat liéu c6 hoat tinh
6n dinh. Kha nang xtr 1y sau ham luwong luu huynh trong khi giir nguyén sau 8 gio
lam viéc lién tuc. Thoi gian lam viéc caa vat liéu con phu thuéc vao dung lugng
hap thu cuc dai hay néi khac di 1a phu thudc vao ham luong caa pha hoat tinh ZnO
mang trén chat mang va trén nén gém té ong. Tdi wu héa phuong phap tong hop dé
c6 thé phan tdn mot cach hiéu qua luong 16n nhét c6 thé pha hoat tinh 1én chat
mang da duoc phi trén nén gom t6 ong vai cac nghién ciru sau hon co thé cai thién
dung luong hip thu cuc dai. Cac két qua nghién ciru bude dau ¢ diy da cho thiy
huéng kha ning wng dung cua vat liéu hap thu kiéu gbm té ong trong viéc xt ly

khi c6 ham lwong H,S thap nhung doi hoi xtr ly sdu H,S.
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Bang 3.24: Kha nang xi ly H,S cuaa vat ligu ZnO/y-Al,Oz/Monolit

Thai gian xa ly (h) Nong dd H,S trong khi ra (ppm)
1 < 0,100 (dudi gidi han phéat hién cua kit thw)
3 0,120
5 0,120
7 0,120
8 0,120

3.6.4.2. Vat ligu oxit ZnO-CuO-Fe,04/9-Al,0s/Monolit

Thuc nghiém danh gia hoat tinh va 6 bén cua vat lidu duoc thuc hién trong
hé thiét bi dong lién tuc vai hdn hop khi chira 10 ppm H,S trong N,. Vat liéu hap
thu 12 cac manh gom t6 ong da duoc cua nhd, trén d6 pha chat mang c6 tim pha
hoat tinh da diéu ché theo phuong phap da mo ta ¢ trén. Nhiét d6 qua trinh hap thu
la 25°C, tbc d6 dong khi 6 I/h. Binh ky phan tich ham lwgng H,S trong khi ra
bang kit thir c6 gidi han phat hién nam trong khoang 0,1 dén 4,0 ppm. Két qua
dugc trinh bay trong bang 3.25.
Bang 3.25. Kha nang xir ly H,S caa vat liéu ZnO-CuO-Fe,0s/y-Al,Os/Monolit

Thai gian xir Iy (h) | Nong @ H,S trong khi ra bang kit thir (ppm)
1 0,1-0,2
5 0,1-0,2
10 0,1-0,2
20 0,1-0,2
40 0,1-0,2
60 0,1-0,2

(*) Két qua phan tich ham lwong H,S ciia cAc mau bang kit thiz déu cho két qua

doi mau chi thi giira vach 0,1 dén 0,2 ppm cua kit tha.
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Cac két qua thuc nghiém cho thay, vat liéu ciing da xir 1y dugc H,S trong
dong khi xudng ndng dé rat thap (chi thi dugc phat hién trong khoang gitra 0,1 va
0,2 ppm). Hon nita, vat liéu c6 hoat tinh 6n dinh. Kha nang xu 1y sau ham luong
luu huynh trong khi gitt nguyén sau 60 gio lam viéc.

Nhu vay, véi ca hai kiéu modul sir dung pha hoat tinh ZnO va ZnO bién tinh
CuO, Fe,0; mang trén nén y-Al,03/gém monolit néu trén, ham lvong luu huynh
sau Xt ly déu giam xudng kha sau, dat ngudng khoang 0,1-0,2 ppm. Trong thuc
tién, cac modul nay s& thuong duoc st dung nhu cac modul xir ly thir cap. Cac
modul xir Iy so cap s& 1a cac hé vat liéu hap thu trén co sé vién CuO-Fe,03-Zn0O
nano/ZnO micro, tai d6, H,S duoc xu ly dén mac mot vai ppm. Khi sau qua hé xir
1y so cap s& duge dua dén modul thi cap dé xir Iy triét dé vét H,S con lai xudng
dudi 200 ppb.
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KET LUAN

Luan an da thuc hién dugc céc noi dung chinh yéu sau:

1.  Ditim duoc cac diéu kién tdi vu tong hop thanh cong vat liéu nano ZnO c6
cau trdc tinh thé pha wurzit véi do tinh khiét cao va c6 hinh thai dang nanoflower,
nano hat hay nano ng. Cu thé:

- ZnO nanoflower c6 dién tich bé mat riéng dat Sger ~ 70 m?/g, bé mat mdi “bong
hoa” (kich thuéc 1-2 m) c6 cac cach hoa kich thudc 10-20nm. Vat liéu dugc tong
hop bang phuong phéap thay nhiét véi cac thong sé ti wu vé nong do, nhiét do, thoi
gian, pH da duoc xac dinh.

- Cac nano hat ZnO c6 duong kinh d ~ 100nm duoc tao tir cac oxit ZnO kich c&
micro, d ~ 5um bang phuong phap két tinh thaty nhiét véi s ¢6 mat cua H,0,. Céc
thong sé tdi wu hoa qué trinh tong hop di dugc xac dinh, trong d6 thong sd quan
trong 1a ti 1é ZnO/H,0, cho thay ti I¢ nay cang nho thi kich thuéc hat cang nho, ti
1& phi hop nhat duoc lua chon gitra kich thudc hat va hiéu xuat tong hop 1a 1g
Zn0/50 mi H,0,.

- Cé4c 6ng nano ZnO (nanotube) c6 dudng kinh khoang 50nm va dai 300-600nm
duoc tong hop bang phuong phap thiy nhiét nhiét do cao (180°C, 24h).

2. ba tong hop thanh coéng vat liéu ZnO micro “bién tinh bé mit”: ZnO
nanoflower/ZnO micro. Két qua khao st kha nang hap thu S cho thay ham luong
hap thu cuc dai 12 (%S): 29,7; 39,8; 45;1 va 51,5 ung voi s6 lan tam pha ZnO
nanoflower 1a 1, 5, 10, 100. Két qua cho thdy kha ning hap thu luu huynh cuc dai
cua vat liéu ZnO nanoflower/ZnO micro da dwoc cai thién dang ké so véi ZnO
micro la 28,8%.

3. D3i nghién ctu tong hop thanh céng vat liéu ZnO bién tinh bang Al,O. Két
qua dic trung cho thdy ZnO & dang pha wurzite con Al,O; ¢ dang vo dinh hinh va
hé vat lidu c6 Sger = 82-84 m?/g. Kha ning chuyén héa COS thanh H,S cua vat
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liu da duoc khao sat theo ham luong oxit Al,O; va két qua cho thay 10% kI Al,O4
13 ham lwong téi wu voi 80% COS chuyén héa trong diéu kién thuc nghiém.

4. D3 nghién ciu tong hop hé composit CuO-ZnO-Al,0; hay CuO-Fe,0,-
ZnOnano/ZnOmicro, vai oxit CuO, Fe,0; déng vai tro 1a cac chat xic tién kha
nang hap thu triét dé hon H,S trong dong, cu thé:

- B3 dugc khao sat cac diéu kién tong hop va dién tich bé mat riéng cua hé vat liéu
hap thu CuO-ZnO-Al,O;. Két qua cho thay vat liéu CT-CZA-05 (11,51% CuO,
78,65% Zn0, 9,79% Al,O5), c6 Sger cao nhét, dat 89,4 m?/g, cho kha ning hip thu
S cao nhat, dat xap xi 31%kI.

- Két qua nghién ctu vat lieu CuO-Fe,03-ZnOnano/ZnOmicro (3,9% CuO, 4%
Fe,0s, 7% ZnO nano va 85% ZnO micro) cho thay vat liéu thu duoc ¢d Sger = 19
m?/g va dung luong hip thu S 1a 17,369 S/100g vat liéu.

5. Dai tién hanh nghién cau phu céc vat liéu hap thu trén khung gém monolit:
ZnOly-Al,0z/Monolit va CuO-Fe,05-ZnO/y-Al,0s/Monolit. Két qua nghién cuiu
cho thay:

- Trong ba phuong phap tam 16p y-Al,O; 1én monolit, phuong phap nhung trong
huyén pht cho phép tao ra mot 16p y-Al,O5 day 150um, chiém 21,4% khdi luong.
Lép oxit nay c6 do bén co hoc tt, khong bi nat, bam dinh tét vao bé mat monolit
va c6 bé mat xop.

- Hé vat liéu hap thu 0,4%ZnO/y-Al,O4/Monolit c6 kha ning xur Iy H,S & 300°C
xubng ngudng 0,1 ppm trong 8h hoat dong lién tuc; hé vat liéu hap thu 0,008%
Cu0-0,009% Fe,05-0,178% ZnO/y-Al,Os/Monolit ¢d kha ning xur ly H,S & 25°C
xubng ngudng 0,1-0,2 ppm (hay 100-200ppb) trong lién tuc 60 gio.
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NHUNG PONG GOP MO1 CUA LUAN AN

1. Pa nghién ciru mot cach cd hé théng qué trinh tong hop cac dang vat lidu
nanoflower va nanotube cua oxit ZnO. Tu d6, luan an da nghién curu qua
trinh tao ra hé cdu tric hinh thai da cip nano/micro ZnO tir oxit ZnO micro.
Két qua nghién ctru cho thay da cai thién tot do x6p cua bé mit oxit ZnO
micro va do d6 1am dung luong hap thu luu huynh ting 1én 28,8%.

2. Di nghién ciru bién tinh oxit ZnO mot cach hé théng boi céc oxit Al,Os,
CuO va Fe,0s5. Két qua cho thay dung luong hap thu luu huynh ting 1én va
dat 31% khéi lwong & nhist do 300°C (vat lieu 11,51%Cu0-9,79%Al,05-
78,65%Zn0) va dat 17,36% khbi luong, ¢ nhiét do thuong (vat lidu
3,9%Cu0-4%Fe,03-7%Zn0Onano/ZnOmicro).

3. Pi nghién citu mot cach c6 hé thong viéc tim pha hoat tinh ZnO/y-Al,O; va
CuO- Fe,03-Zn0/y-Al,05 I1én gom monolith cau tric t6 ong. Két qua cho
thiy phuong phap nhung trong huyén phu nhém di tao ra pha hoat tinh
duoc trang déu trén thanh 15 xép caa monolith, hé thu duoc co6 d6 bén co
hoc, d6 bam dinh tét, d6 on dinh cao va ¢ kha ning hap thu 1am giam ham

lugng H,S trong dong xir Iy xudng ngudng 0,1 - 0,2 ppm.

132



CAC CONG TRINH PA CONG BO

. Vil Thi Thu Ha, Pham Thi Nam Binh, Nguyén Duy Thao, Nguyén Thi Ngoc
Quynh, Tong hop va ddc trung tinh chdt ZnO nano flowers, Tap chi Héa hoc,
49, 5AB, 614-619, 2011

. Vil Thi Thu Ha, Cao Thi Thity, Nguyén Vin Chic, Nguyén Thi Ngoc¢ Quynh,
Au Thi Hang, P Thanh Hai, Pham Thi Nam Binh, Khdo sdt cdc phiong phdp
tong hop vdt liéu nano ZnO, Tap chi Cong nghiép Hoa chat, 11, 36-39, 2012

. Vu Thi Thu Ha, Cao Thi Thuy, Nguyen Thi Ngoc Quynh, Do Thanh Hai, Pham
Thi Nam Binh, Au Thi Hang, Tranformation of the ZnO structure from
microparticles to nanotubes under hydrothermal conditions, Tap chi Hoa hoc,
2013.

. 6 Manh Hung, Vii Thi Thu Ha, Nguyén Thi Ngoc Quynh, Cao Thi Thuy,
Pham Thi Nam Binh, Nghién citu tong hop va déc trung vt liéu nano ZnO iing
dung trong qua trinh loai H,S trong khi tw nhién, Tap chi Hoa hoc, 51(4AB), tr.
339-343, 2013

. Vii Thi Thu Ha, P4 Thanh Hai, Lé Thi Hong Ngin, Nguyén Minh Viét,
Nguyén Thi Ngoc Quynh, Khdo sat mét sé phwong phdp phii chat mang y-
AlL,O4 Ién nén gém monolith t6 ong, Tap chi Hoa hoc, T.51, 3AB, tr. 296-300,
2013.

. Nguyén Thi Thu Trang, Cao Thi Thily, Pham Anh Tai, Bui Minh Ptc, Nguyén
Thi Ngoc Quynh, Vii Thi Thu Ha, Nghién citu diéu ché t6 hop nano oxit kim
loai phan tan trén ZnO ung dung trong xu ly H,S o nhi¢t do thuong, Tap chi
Hép phu va Xtc tac, T5 (N°2), 123-127, 2016.

. Giai phap hitu ich, Xtr Iy sau H,S trén vat liéu ZnO bién tinh, chap nhan don
12/2013

133



8. Nguyén Thi Ngoc Quynh, Nguyén Thi Thu Trang, Cao Thi Thdy, Pham Anh
Tai, Bui Minh Puc, Vit Thi Thu Ha, Nghién cuzu kha nang xu ly H,S o nhiét do
thuong cua vat ligu composite ZnOnano/micro bién tinh trén mang trén nén
gom monolit, Tap chi Hap phu va Xuc tac, 8/2017.

9. Nguyen Thi Ngoc Quynh, Nguyen Thi Thu Trang, Cao Thi Thuy, Pham Anh Tai, Bui
Minh DPuc, Vu Thi Thu Ha, Synthesis of composites ZnO-Al,03, ZnO-Al,03-CuO and
evaluation of its activity for COS conversion, H,S sorption treatment, International

Journal of Chemical Science, accepted, 2017.

134



w

TAI LIEU THAM KHAO

E. Tronconi, G. Groppi (2000), A study on the thermal behavior of structured
plate-type catalysts with metallic supports for gas/solid exothermic reaction,
Chem. Eng. Sci. 55, 6021-6036.

DP Ghosh (2007), Wet H,S cracking problem in oil refinery processes —
Material selection and operation control inssues, Corrosion Conference, India,
87-94.

. Navadol Laosiripojana, Shivanahalli K. Rajesh, Wattana Singhto, Thanaporn

Palikanon and Suwit Pengyong (2004) Hua Hin-Thailand, Effects of H,S, CO,,
and O, on catalytic methane steam reforming over Ni catalyst on CeO, and
Al,O3 supports, The joint International Conference on suitainable Energy and
Enviroment, 129-133.

Hussein K. Abdel-Aal, Mohamed A. Aggour, Mohamed A. Fahim (2007),
Petroleum and gas field processing, CRC press.

S6 liéu cua Phong phan tich khi — Vién nghién citu Khoa hoc Thiét két, cong ty
lién doanh Dau khi Vigt — X6, 2000 — 2005.

Shakirov FI, Mazgarov AM, Vildanov AF, Khrushchev IK (1998), Method for
cleaning oil and gas condensate from hydrogen sulphide, RU Patent (11)
2109033.

Arthur J. Kidnay, William R. Parrish, Daniel G. McCartney (2011),
Fundamentals of Natural Gas Processing, CRC press.

Tzu-Hsing Ko, Hsin Chu, Hsiao- Ping Lin, Ching-Yu Peng (2006), Red soil as
regenerable sorbent for high temperature removal of hydrogen sulfide from coal
gas. J. Hazrdous Material, B136, 776-783.

Gyanesh P. Khare, Barlesville, Okla, Coating of components of sulfur
absorbants, Patent US 5281445, 1994

135



10. Gyanesh P. Khare,., Kubicek, Donald H., Process to remove sulfur using zinc
containing sorbent subjected to steam treatment, US Patent, 5776331, 1998

11. Rozita Habibi, Ali Morad Rashidi, Jafar Towfighi Daryana, Ali Mohamad ali
zadeh (2010), Study of the Rod-Like and spherical nano-ZnO morphology on
H,S removal from natural gas, Applied Surface Science, 257, 434-4309.

12. Kiseok Kim, Nokuk Park (2010), Removal of hydrogen sulfide froma steam-
hydrogasifier product gas by zinc oxide sorbent: Effect of non-Ssteam gas
components, Journal of Industrial and Engineering Chemistry, 16, 967-972.

13. B. Tatarchurk, H.Y. Yang, P. Dhage 11 (2008) 137, 463 A2, Doped supported
zinc oxide sorbents for desulfurization applications, Patent no. WO
2008/137463 A2.

14. Jong Wook Bae, Suk-Hwan Kang, G. Murali Dhar, Ki-Won Jun (2009), Effect
of Al,O3 content on the adsorptive properties of Cu/ZnO/Al,O3 for removal of
odorant sulfur compounds, International Joural of hydrogen energy, 34, 8733 —
8740.

15. Vii Thanh Quang, Ngo Van Tuyén, Trinh Giang Huong, Vuong Hitu Anh
(2009), Ché tao vat lidu hap thu H,S dang vién dun tir ZnO hoat tinh, Tap chi
hoa hoc, T 47 (1), tr. 5-9.

16. Hoon Sub Song, Moon Gyu Park, Soon Jin Kwon, Kwang Bok Yi, Eric
Croiset, Zhong wei Chen, Sung Chan Nam (2013), Hydrogen sulfide adsorption
on nano-sized zinc oxide/reduced graphite oxide composite at ambient
condition, Applied Surface Science, 276, 646— 652.

17. Ackley, M. W., Rege, S. U., and Saxena (2003), H. Application of natural
zeolites in the purification and separation of gases, Microporous and
Mesoporous materials, 61, 25-42.

18.Cosoli, P., Ferrone, M., M.Pricl, S., and Fermeglia (2008), M. Hydrogen

sulphide removal from biogas by zeolite adsorption: Part I. GCMC molecular

136



simulations, Chemical engineering, 145, 86-92.

19.Cosoli P., Ferrone M., M.Pricl S., Fermeglia M. (2008), Hydrogen sulfide
removal from biogas by zeolite adsorption. Part Il. MD simulations,
Chemical engineering, 145, 93-99.

20. Gaillard M., Montouillout V., Maugé F., Fernandez C. (2004), An infrared
and Solid-State NMR study of the H,S adsorption on basic zeolite, Studies in
surface science and catalysis, 154, 1679-1685.

21. Dongjing Liu, Weiguo Zhou, Jiang Wu (2016), CeO,—MnO,/ZSM-5 sorbents
for H,S removal at high temperature, Chemical Engineering Journal, 284,
2016, 862-871.

22.S. Yasyerli, S., Ar, 1., Dogu, G., & Dogu (2001), Activities of copper oxide and
Cu-V and Cu-Mo mixed oxides for H,S removal in the presence and absence of

hydrogen and predictions of a deactivation model, Industrial & engineering

chemistry research, 23 (40), 5206 — 5214.

23.S. Yasyerli, I. Ar, G. Dogu, T. Dogu (2002), Removal of hydrogen sulfide by
clinoptilolite in a fixed bed adsorber, Chemical Engineering and
Processing, 41, 785-792.

24.P.G. Aguilera, F.J. Gutiérrez Ortiz (2016), Prediction of fixed-bed
breakthrough curves for H,S adsorption from biogas: Importance of axial
dispersion for design, Chemical Engineering Journal, 289, 93-98.

25.T. Grindley, G.Steinfeld, Development of zinc ferrite sorbents for
desulfurization of hot coal gas in a fluid-bed reactor (1981), DOE/MC/16545-
1125.

26.M. Pineda, J.L.G. Fierro, J.M. Palacios, C. Cilleruelo, E. Garcia, J.V. Ibarra
(1997), Characterization of zinc oxide and zinc ferrite doped with Ti or Cu
as sorbents for hot gas desulphurization, Applied Surface Science, 119, 1-
10.

137


http://www.sciencedirect.com/science/journal/13858947
http://www.sciencedirect.com/science/journal/13858947/284/supp/C
http://www.sciencedirect.com/science/journal/13858947
http://www.sciencedirect.com/science/journal/13858947/289/supp/C

27.N. lkenaga, Y. Ohgaito, H. Matsushima, T. Suzuki (2004), Preparation of
zinc ferrite in the presence of carbon material and its application to hot-gas
cleaning, Fuel, 83, 661-669.

28. H.K. Jun, T.J. Lee, S.0. Ryu, J.C. Kim (2001), A Study of Zn-Ti-based
H,S removal sorbents promoted with cobalt oxides, Industrial &
Engineering Chemistry Research, 40, 3547-3556.

29. H.K.Jun, J.H. Koo, T.J. Lee, S.0. Ryu, C.K. Yi, C.K. Ryu, J.C. Kim (2004),
A study of Zn-Ti-based H,S removal sorbents promoted with cobalt and
nickel oxides, Energy Fuels, 18, 41-48.

30.X.P. Bu, Y.J. Ying, C.Q. Zhang, W.W. Peng (2008), Research
Improvement in Zn-based sorbent for hot gas desulphurization, Powder
Technology, 180, 253-258.

31.M. Kobayashi, H. Shirai, M. Nunokawa (2008), Moderate temperature
gas purification system: application to high calorific coal-derived fuel,
Powder Technology, 180, 178-183.

32. N.K. Park, J.D. Lee, T.J. Lee, S.O. Ryu, C.H. Chang (2005), The
preparation of a high surface area metal oxide prepared by a matrix-
assisted method for hot gas desulphuriza-tion, Fuel, 84, 2165-2171.

33. Y.J. Lee, N.K. Park, G.B. Han, S.O. Ryu, T.J. Lee, C.H. Chang (2008),
The preparation and desulphurization of nano-size ZnO by a matrix-
assisted method for the removalof low concentration of sulphur compounds,
Current Applied Physics, 8, 746-751.

34. Z. J. Li. M. Flytzani-Stephanopoulos, Cu-Cr-O and Cu-Ce-O regenerable
oxide sorbents for hot gas desulphurization (1997), Industrial & Engineering
Chemistry Research, 36, 187-196.

35.0. Karvan, H. Atakil (2008), Investigation of CuO/mesoporous SBA-

15 sorbents for hot gas desulphurization, Fuel Processing Technology,

138



89, 908-915.

36.E. Sasaoka, M. Sakamoto, T. Ichio, S. Kasaoka, Y. Sakata (1993), Reactivity
and durability of iron oxide high temperature desulfurization sorbents,
Energy Fuels, 7, 632-638.

37.H. Shirai, M. Kobayashi, M. Nunokawa (1998), Characteristics of H,S
removal of mixed-oxide sorbents containing Fe and Zn at high
temperatures, Journal of the Japan Institute of Energy, 77, 1100-1110.

38.H. Shirai, M. Kobayashi, M. Nunokawa (1999), Reduction of Fe,05-SiO,
particle in air blown coal gasification gas, Kagaku Kogaku Ronbunshu
25, 714-720.

39.X.H. Wang, J.P. Jia, L. Zhao, T.H. Sun (2008), Mesoporous SBA-15
supported iron oxide: a potent catalyst for hydrogen sulfide removal,
Water, Air, & Soil Pollution, 193, 247-257.

40.H. Atakdul, J.P. Wakker, A.W. Gerritsen, P.J. van den Berg (1995),
Removal of H,S from fuel gases at high temperatures using MnO/y-
Al,O3, Fuel, 74, 187-190.

41.J.C. Zhang, Y.H. Wang, R.Y. Ma, D.Y. Wu (2003), A study on
regeneration of Mn-Fe-Zn-O supported upon y-Al,O3 sorbents for hot
gas desulphurization, Fuel Processing Technology, 842, 17-27.

42.D. Karayilan, T. Dogu, S. Yasyerli, G. Dogu (2005), Mn-Cu and Mn-
Cu-V mixed-oxide regenerable sorbents for hot gas
desulphurization, Industrial & Engineering Chemistry Research, 44,
5221-5226.

43.Baird, T., Denny, P. J., Hoyle, R., Mc Monagle, F., Stirling, D., and
Tweedy (1992), J.Modified zinc oxide absorbents for low
temperature gas desulfurisation, Faraday Transactions, 88, 3375-
3382.

139



44.Polychronopoulou K., Cabello Galisteo F., Lopez Granados M., Fierro
J. L. G., Bakas T., Efstathiou A. M. (2005), Novel Fe-Mn-Zn-Ti-O
mixed-metal oxides for the low-temperature removal of H2S from gas
streams in the presence of H2, CO2, and H20, Catalysis, 236, 205-220.

45. L. Li, T.H. Sun, , C.H. Shu, H.B. Zhang (2016), Low temperature
H2S removal with 3-D structural mesoporous molecular sieves
supported ZnO from gas stream, Journal of Hazardous Materials, 311,
5 July 2016, 142-150.

46.Baird, T., Campbell, K. C., Holliman, P. J., Hoyle, R., Stirling, D., and
Williams, B. P. (1995), Mixed Co-Zn-Al oxides as absorbents
for low temperature gas desulfurisation, Faraday Transactions, 91,
3219-3230.

47.Jiang, D., L. Su, Ma, L., Yao, N., Xu, X., Tang, H., and Li, X. (2010), Cu-
Zn-Al mixed metal oxides derived from hydroxycarbonate precursors for
H,S removal at low temperature, Applied Surface Science, 256, 3216-3223.

48.Bruce Tatarchuck, Hongyun Yang, Priyanka Dhage (2010), Doped supported
zinc oxide sorbents for regenerable desulfurization applications, Patent US
7833316 B2.

49. Hyo-Song Lee, Min-Pil Kang, Yun-Seob Song, Tae-Jin Lee, Young-Woo Rhee
(2001), Desulfurization characteristics of CuO-Fe,O5 sorbents, Korean Journal
of Chemical Engineering, 18(5), 635-639,

50. Davidson, J. M., Lawrie, C. H., and Sohail (1995), K. Kinetics of the
absorption of hydrogen sulfide by high purity and doped high surface area
zinc oxide, Industrial & Engineering Chemistry research, 34, 2981-2989.

51.Sasaoka, E., Hirano, S., Kasaoka, S., and Sakata(1994), Y. Characterization
of reaction between zinc oxide and hydrogen sulfide, Energy &Fuels, 8,
1100-1105.

140


http://www.sciencedirect.com/science/article/pii/S0304389416300322?np=y&npKey=3f6c79c7986e016d2e3297d69d7d6dc32e9b2172b23f3b0e33de45a2490ae461
http://www.sciencedirect.com/science/article/pii/S0304389416300322?np=y&npKey=3f6c79c7986e016d2e3297d69d7d6dc32e9b2172b23f3b0e33de45a2490ae461
http://www.sciencedirect.com/science/article/pii/S0304389416300322?np=y&npKey=3f6c79c7986e016d2e3297d69d7d6dc32e9b2172b23f3b0e33de45a2490ae461
http://www.sciencedirect.com/science/article/pii/S0304389416300322?np=y&npKey=3f6c79c7986e016d2e3297d69d7d6dc32e9b2172b23f3b0e33de45a2490ae461

52.Carnes, C. L. and Klabunde, K. J. (2002), Unique chemical reactivities of
nanocrystalline metal oxides toward hydrogen sulfide, Chemistry of
materials, 14, 1806-1811.

53.M. Balsamo, S. Cimino, G. de Falco, A. Erto, L. Lisi (2016), ZnO-CuO
supported on activated carbon for H,S removal at room temperature,
Chemical Engineering Journal, 304, 399-407.

54. Baird T., Campbell K. C.., J. Holliman P., W. Hoyle R., Huxam M., Stirling,
D., Morris M. (1999), Cobalt-zinc oxide absorbents for low
temperature gas desulfurisation, Materials Chemistry, 9, 599-605.

55. Klier K. (1982), Methanol synthesis, Advances in catalysts, 31, 243-313.

56.Wang, X., Sun, T., Yang, J., Zhao, L., Jia J. (2008), Low-temperature H,S
removal from gas streams with SBA-15 supported ZnO nanoparticles,
Chemical Engineering, 142, 48-55.

57.Murid Hussain, Naseem Abbas, Debora Fino, Nunzio Russo (2012); Novel
mesoporous silica supported ZnO adsorbents for the desulphurization of
biogas at low temperatures, Chemical Engineering Journal 188, 222-232.

58. Pé tai “San xuét vat lieu hap phu loai bé H,S phuc vu cho céc qué trinh san
Xuat trong cbéng nghiép hoa chat va dau khi, TS. Nguyén Han Long
PTN CN Loc Hoa dau va Vat lidu xtc tac hap phu, 2007-2009.

59. Pé tai “Nghién ciru Cong nghé ché tao vat lidu xtr Iy cac hop chat chira luu
huynh (H,S va COS) trong khi thién nhién va khi dau mo nham thay thé céac san
pham nhap ngoai”, Phong Thi nghiém Trong diém Loc-Hoa dau, 2011-2012.

60. AK Singh, Synthesis, characterization, electrical and sensing properties of ZnO
nanoparticles (2010), Advanced Powder Technology, 21, 609-613.
61. X. Y. Kong, Z. L. Wang (2003), Spontaneous Polarization-Induced
Nanohelixes, Nanosprings, and Nanorings of Piezoelectric Nanobelts, Nano.
Lett. 3, 1625.

141


http://www.sciencedirect.com/science/journal/13858947/304/supp/C

62. P. Chang, Z. Fan, W. Tseng, D. Wang, W. Chiou, J. Hong, J. G. Lu (2004),
ZnO Nanowires Synthesized by Vapor Trapping CVD Method, Chem. Mater.
16 (24), 5133-5137.

63.B. P. Zhang, N. T. Binh, K. Wakatsuki, Y. Segawa, Y. Kashiwaba, and K.
Haga (2004), Synthesis and optical properties of single crystal ZnO
nanorods Nanotechnology, 15, S382.

64. W. I. Park, and G.-C. Yi (2004), Electroluminescence in n-ZnO Nanorod
Arrays Vertically Grown on p-GaN, Adv. Mater., 16, 87-90.

65. H.-J. Kim, K. Sung, K.-S. An, Y. K. Lee, C. G. Kim, Y.-H. Lee, and Y. Kim
(2004), ZnO nanowhiskers on ZnO nanoparticle-deposited Si (111) by
MOCVD. J. Mater Chem, 204-208.

66.M. H. Huang, Y. Wu, H. Feick, N. Tran, E. Weber, and P. Yang (2001),
Catalytic Growth of Zinc Oxide Nanowires by Vapor Transport, Adv. Mater.,
13, 113-116.

67.W. D. Yu, X. M. Li, and X. D. Gao (2004), Self-catalytic synthesis and
photoluminecene of ZnO nanostructure on ZnO nano crystal substrate, Appl.
Phys. Lett. 84, 2658.

68. H. J. Fan, F. Bertram, A. Dadgar, J.Christen, A. Krost, M. Zacharias. (2004),
Zinc oxide nanotetrapods, Nanotechnology, 15, 1401.

69. S. Y. Bae, H. W. Seo, H. C. Choi, J. Park, and J. Park (2004), Heterostructures
of ZnO Nanorods with Various One-Dimensional Nanostructures, J. Phys.
Chem. B, 108, 12318.

70.D. Banerjee, S. H. Jo, and Z. F. Ren (2004), Enhanced Field Emission of ZnO
Nanowires, Adv. Mater. 16 (22), 2028-2032.

71. H. T. Ng, J. Han, T. Yamada, P. Nguyen, Y. P. Chen, M. Meyyappan (2004),
Single Crystal Nanowire Vertical Surround-Gate Field-Effect Transistor, Nano.
Lett., 4, 1247-1252.

142



72.Ye Sun, Gareth M .Fuge and Michael N.R.Ashfold (2004), Growth
of aligned ZnO nano rod arrays by catalyst-free pulsed laser deposition
methods, Chemical Physics Letters, 396, 21-26.

73.Yong Liu, Yufeng Song, Dairong Chen, Xiuling Jiao, Wenxing Zhang (2006),
Sol-Gel synthesis of Polycrystalline ZnO and ZnS Fibers, Journal of
Dispersion Science and Technology, 27(8),1191-1195.

74.H. J. Fan, F. Bertram, A. Dadgar, J. Christen, A. Krost, and M.
Zacharias (2004), Self-assembly of ZnO nanowires and the spatial resolved
characterization of their luminescence, Nanotechnology 15, 1401-1404.

75.D. Banerjee, S. H. Jo, and Z. F. Ren (2004), Enhanced Field Emission of ZnO
Nanowires, Adv. Mater. 16, 2028.

76.Wahab R, Ansari S G, Kim Y S, Seo H K, Kim G S, Khang Gand Shin H-S
(2007), Low temperature solution synthesis and characterization of ZnO
nano-flowers, Mater. Res. Bull., 42, 1640-1646.

77. Chunlei Wang, Baodong Mao, Enbo Wang, Zhenhui Kang, Chungui Tian
(2007), Solution synthesis of ZnO nanotubes via a template-free hydrothermal
route, Solid State Communications, 141, 620-623, 2007.

78.Sibel Ozdemir, Tevfik Bardakci (1999), Hydrogen sulfide removal from coal
gas by zinc titanate sorbent, Separation and Purification Technology, 16, 225-
234.

79.R. Wolfgang F., Robert J., Lawrence, Apparatus and process for hydrogen
sulfide removal (2002), Patent W02002/026357,.

80. Santosh Kumar Gangwal, Brian Scott Turk, Raghubir Prasad Gupta, Zinc oxide-
Based sorbent and processes for preparing and using same, US Patent
6,951,635 B2; 2005

81. Hongyun Yangl, Donald R. Cahela, Bruce J. Tatarchuk (2008), a study of

Kinetic effects due to using microfibrous entrapped zinc oxide sorbents for

143



hydrogen sulfide removal, Chemical Engineering Science, 63, 2707 — 2716.

82.Paolo Cosoli, Marco Ferrone, Sabrina Pricl, Maurizio Fermeglia (2008),
Hydrogen sulfide removal from biogas by zeolite adsorption. Part 1. MD
simulations, Chemical Engineering Journal, 145, 93-99.

83.Li, Kuo-tseng Ker, Yen-chun, Selective oxidation of hydrogen sulfide in the
presence of iron-based catalysts, US Patent 5700440, 1997

84. Dahao Jiang, Lianghu Su, Lei Ma, Nan Yao, Xiaoliang Xu, Haodong Tang,
Xiaonian Li (2010), Cu-Zn-Al mixed metal oxides derived from
hydroxycarbonate precursors for H,S removal at low temperature, Applied
Surface Science, 256, 3216-3223.

85. Christos Agrafiotis, Athena Tsetsekou (2002), Deposition of meso-porous gama
alumina coatings on ceramic honeycombs by sol-gel methods, Journal of the
European Ceramic Society, 22, 423-434.

86.Tiegiao Zhou, Landong Li, Jie Cheng, Zhengping Hao (2010), Preparation of
binary washcoat deposited on cordierite substrate for catalytic applications,
Ceramics International, 36, 529-534.

87.Aswani Kumar Mogalicherla and Deepak Kunzru (2010), Effect of method of
preparation on activityof Pd/Al,O3; monolith catalysts, The Canadian Journal of
Chemical engineering, vol 88, 367-375.

88.T. Alexander Nijhuis, Annemarie E. W. Beers, Theo Vergunst, Ingrid Hoek,
Freek Kapteijn, Jacob A. Moulijn (2001), Preparation of monolithic catalysts,
Catalysis Reviews: Science and Engineering, 43, 345-380.

89. Sun-Mi Hwang, Oh Joong Kwon, Jae Jeong Kim (2007), Method of coating in
micro-reactors for methanol steam reforming. Applied Catalysis A: General,
316, 83-89.

90. Martha Coboa, Andrés Orregob, and Juan A. Conesac (2012), Wash coated
Pd/Al,O; monoliths for the liquid phase hydrodechlorination of dioxins, Applied

144



Catalysis A: General, 445-446, 83-91.

91. Thorsten Boger, Achim K. Heibel and Charles M. Sorensen (2004), Monolithic
Catalysts for the Chemical Industry, Ind. Eng. Chem. Res. 43, 4602-4611.

92. Nguyén Hitu Phu, Vdt liéu hdap phu zeolit va mao qudn trung binh, NXB Khoa
hoc & Ky thuat, 2005.

93.John lynch, Physico-chemical Analysis of Industrial Catalysis, Editions
Technip, 2003.

94.Shi W., Gao G., Xiang L. (2010), Synthesis of ZnO whiskers via hydrothermal
decomposition route, Trans. Nonferrous. Met. Soc. China, 20, 1049-1052.

95.D.Kashchiev, G.M. van Rosmalen (2003), Review: Nucleation in solutions
revisited , Crystal Research and Technology, 38, 555-574.

96.A. S. Ratkovich, R. L. Penn (2007), Controlling Nanosized ZnO Growth
Kinetics Using Various Zn:OH Concentration Ratios, J. Phys. Chem. C, 111,
14098-14104.

97.Y. Wang, C. Zhang, S. Bi, G. Luo (2010), Preparation of ZnO nanoparticles
using the direct precipitation method in a membrane dispersion micro-structured
reactor, Powder Technology, 202, 130 —136.

98. D. Sarkara, S. Tikku, V. Thapar, R. S. Srinivasa, K. C. Khilar (2011), Colloids
and Surfaces A: Physicochem. Eng. Aspects, 381, 123-129.

99. J. Eastoe, M.J. Hollamby, L. Hudson (2006), Recent advances in nanoparticle
synthesis with reversed micelles, Adv. Colloid Interface Sci. 128, 130, 5-15.

100. X. Li, G. He, G. Xiao, H. Liu, M. Wang (2009), Synthesis and morphology
control of ZnO nanostructures in microemulsions, J. Colloid Interface Sci. 333,
465-473.

101. D. Kaneko, H. Shouji, T. Kawai, K. Kon-No (2000), Synthesis of ZnO
Particles by Ammonia-Catalyzed Hydrolysis of Zinc Dibutoxide in Nonionic
Reversed Micelles, Langmuir, 16, 4086—4089.

145



102. S. Qiu, J. Dong, G.J. Chen (1999), Preparation of Cu nanoparticles from
water-in-oil microemulsions, Colloid Interface Sci., 216, 230-234.

103. Beck, J.-P. Andreassen (2012), Influence of crystallization conditions on
crystal morphology and size of CaCO; and their effect on pressure filtration,
AIChE Journal, 58(1), 107-121.

104. N. Kanari, D. Mishra, |. Gaballah, B. Dupré (2004), Thermal decomposition
of zinc carbonate hydroxide, Thermochimica Acta, 410, 93-100.

105. Y. J. Lee, N.-K. Park, G. B. Han, S. O. Ryu, T. J. Lee, C. H. Chang (2008),
The preparation and desulfurization of nano-size ZnO by a matrix-assisted
method for the removal of low concentration of sulfur compounds, Current
Applied Physics, 8, 746-751.

106. S.J. Miao, R.N. Alnoncourt, T. Reinecke, |. Kasatkin, M. Behrens, R. Schlo”
gl, M.Muhler (2009), A Study of the Influence of Composition on the
Microstructural Properties of ZnO/Al,O; Mixed Oxides, Eur. J. Inorg. Chem. 7,
910.

107.  Dahao Jiang, Lianghu Su, Lei Ma, Nan Yao, Xiaoliang Xu, Haodong Tang,
Xiaonian Li (2010), Cu-Zn-Al mixed metal oxides derived from
hydroxycarbonate precursors for H,S removal at low temperature, Applied
Surface Science, 256 (10), 3216-3223

108. R. Wolfgang F., Robert J., Lawrence, Apparatus and process for hydrogen
sulfide removal, Patent WO2002/026357, 2002.

109. Zhihua Gao, Chunhu Li, Kechang Xie (2003), Simultaneous Removal of
COS and H,S at Low Temperatures, over Nanoparticle a-FeOOH Based
Catalysts, Journal of Natural Gas Chemistry, 12, 37-42.

110. A. Khanfekr, K. Arzani, A. Nemati, M. Hosseini (2009), Production of
perovskite catalysts on ceramic monoliths with nanoparticles for dual fuel
system automobiles, Int. J. Environ. Sci. Tech., 6 (1), 105-112.

146



111. M. Chomiak, J. Trawczynski, Z. Blok, P. Babinski (2016), Monolithic Zn—
Co-Ti based sorbents for hot syngas desulfurization, Fuel Processing
Technology, 144, 64-70.

112. Maryam Bakhtiari, Farhad Khorasheh, Akbar Zamanian, Ali Nakhaeipour,
Mohammad Irani (2008), Preparation, evaluation and characterization of

monolithic catalysts for fischer-tropsch synthesis, Petroleum&Coal, 50(3),56-61

147



