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LOI CAM ON
Trude hét, toi xin bay to long biét on sau sic dén Quy Thay/Cé trong Khoa Hoa, Trudng
Dai Hoc Bach Khoa Pa Néng, nhirng ngudi di tin tinh giang day, truyén dat cho toi
nhig kién thitc quy bau trong sudt qua trinh hoc tap va rén luyén tai truong. Pay 13 nén
tang quan trong giup toi hoan thanh bao céo tot nghiép nay.
T6i xin giri 1o cam on chan thanh va siu sic nhat dén Thay PGS TS Nguyén Dinh Minh
Tuén, ngudi da tryc tiép hudng dan, dong gdp nhiéu ¥ kién quy bau, tan tinh chi bao va
luén dong vién toi1 trong subt qua trinh thyc hién dé tai. Su huong dan va hd trg cua
Thay d3 giup t6i hoan thanh bio céo ding tién do va dat dugc nhitng két qua nhat dinh.
Em ciing xin chin thanh cam on quy thay ¢ trong Hoi ddng chidm luan vin di danh thoi
gian quy bau dé xem xét, danh gia va dua ra nhitng nhan xét xac dang, giup em co co
hoi nhin nhan lai dé tai mot cach toan dién hon va rat ra nhiéu bai hoc kinh nghiém quy
gia.
Mic du da nd lyc hoan thanh t6t dd 4n, nhung vai gidi han vé thoi gian va nang luc, em
kho tranh khoi nhitng thiéu st nhat dinh. Kinh mong nhan dugc nhiing y kién dong gop
tir quy thay c6 va ban bé dé em c6 thé hoan thién hon khong chi do 4n t6t nghiép ma
con trén chiang dudng hoc tap va nghién ciru sap t4i.

Xin tran trong cam on!
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LOI CAM POAN

Téi xin cam doan toan by noi dung ctia dd 4n nay do chinh toi thyc hién, tim kiém tai
liéu, tham khao tir nguén tai liéu, trién khai thuc nghi¢m, thu thdp va phan tich s6 lieu
thuc nghiém nhu dugc trinh bay trong bado cdo nay la dung sy that. Khong cé sao chép
tir bat clr ludn vin, d6 an khac, tit ca nhitg tham khao va ké thira déu duoc trich dan va
tham chiéu day du. T6i xin chiu trach nhiém véi 10i cam doan ctia minh.

SINH VIEN THUC HIEN

Huynh Ngoc Huy
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DANH MUC CAC KY HIEU VA CHU VIET TAT

VOCs:  Volatile organic compounds
OVOCs: Oxygenated VOCs

GC: Gas Chromatography

FID: Flame ionization detector
TCD: Thermal Conductivity Detector
GHSV: Gas Hourly Space Velocity
BET: Brunauer — Emmett - Teller
XRD: X — Ray Diffraction

IUPAC: International Union of Pure and Applied Chemistry
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MO DAU
Trong bbi canh hién nay, cac van dé vé 6 nhiém méi trudng va strc khoe con nguoi dang
ngay cang tr¢ nén nghiém trong va nhan dugc sy quan tdm dédc bi¢t cua xa hoi. Su gia
tang nhanh chong cua cac hoat ddng cong nghiép va sinh hoat di dan dén phat thai mot
lwong 16n cac chat 6 nhidm vao méi truong, trong d6 cac hop chit hitu co d& bay hoi
(VOCs — Volatile Organic Compounds) dugc xem la mot trong nhitng tadc nhan nguy hai
can duogc vu tién kiém soat.

VOCs 1a nhém céc hop chét hitu co c6 kha ning bay hoi manh & diéu kién thuong, phd
bién nhu toluene, isopropanol (IPA), formaldehyde,... Cac hop chit nay khong chi 1a
tién chat gy ra hién twong mu quang héa ma con gy anh huéng nghiém trong dén sirc
khée con nguodi do tinh ddc hai, mui kho chiu va kha nang géy dot bién gen. Nhiéu
nghién ciru cho thay viéc tlep xuc 1au dai v6i VOCs, ngay ca & nong do thap, co the gay
kich tng da, ton thwong mat, anh huong dén hé than kinh va 1am ting nguy co méc cac
bénh nguy hiém.

Hién nay, nhiéu phuong phap xir Iy VOCs da dugc nghién ctru va ap dung nhu hap phu,
d6t nhiét, xir Iy sinh hoc va oxy héa xuc tac. Tuy nhién, cic phuong phap ndy van con
tdn tai nhitng han ché nhat dinh vé chi phi, hi¢u suat cling nhu diéu kién van hanh. Trong
sO d6, oxy hoa xtc tac duge danh gia 1a mot hudng tiép can tiém nang nho kha ning
chuyén hoa VOCs thanh cac san pham it doc hai hon ¢ diéu kién twong ddi 6n hoa. Do
d6, viéc nghién ciru va phat trién cac hé xtic tac hiéu qua, chi phi thap nham nang cao
hiéu suat xir Iy VOCs 13 van dé c6 y nghia khoa hoc va thyc tién cao.
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CHUONG I: TONG QUAN HOP CHAT HU'U CO DE BAY HOI VA CAC
PHUONG PHAP XU LY

1. Gi6i thiéu chung vé hop chit hitu co d& bay hoi (VOCs) dién hinh 13 Toluene
va Ethyl acetate.

1.1 khai nhiém

Hop chit hitu co dé bay hoi (Volatile Organic Compounds - VOCs) 1a nhém cac hop
chat hitu co dé bay hoi tai nhiét do va 4p sudt phong, thudng xuat hién ¢ thé khi trong
moi truong. Chiing gdm mot loat cac hop chit hitu co nhu hydrocacbon, aldehyd, keton,
ruou, este va cac dan xuét cua cac chét nay. VOCs c6 xuét x( tu nhién va dugc tao ra tir
cac qué trinh ty nhién nhu tir cac ngudn sinh hoc nhu rimg, dai dwong, va nui lira. Tuy
nhién, hau hét VOCs ciing dugc tao ra tir hoat dong con ngudi va gop phan giy 6 nhiém
khong khi va méi truong. !

Toluene (aromatics VOCs) 1a chat 1ong khong mau, c6 mui dic trung va Ethyl acetate
(VOCs chira oxy) ciing 1a chat 16ng khéng mau, c6 mui trai cdy. La hai hop chat VOCs
dién hinh thuong dung 1am chat dai dién dé danh gia hoat tinh xuc tac.

Céc loai hoa chét hiru co dugc sir dung rong rai trong doi séng con nguoi: Son, vecni
va sap déu chira dung mdi hitu co, cling nhu nhiéu san pham lam sach, khtr tring, my
pham, tiy ddu m& va cac san pham trang tri. TAt ca cac san pham nay déu giai phong
cac hop chét hitu co trong qua trinh st dung.!?!

Theo ciu triic hoa hoc va ngudn phat thai, VOCs c6 thé dugc phan loai thanh:
Hydrocarbon khéng no: ethylene, propylene...

Hydrocarbon thom: toluene, benzene, xylene (BTX)

Oxygenated VOCs (OVOCs): etyl axetat, aldehyde, ketone, ester...

Chlorinated VOCs: dichloromethane, trichloroethylene...

VOC sinh hoc (BVOCs): isoprene, terpen phat thai tir thuc vat. 2!

1.2. Ngudn phat thai VOCs

VOCs bat ngudn tir cd nguon tu nhién va nguén nhan tao:

o Ngudn ty nhién: phat thai tir thuc vat (isoprene, monoterpene), chay rimg, phan
huy sinh hoc.

o Ngudn nhén tao (chinh):

- Cong nghiép son — phti bé mit: VOCs bay hoi trong qua trinh phun son, Sdy kho
16p phu. Dung moéi thuong gap nhu Toluene, Ethyl acetate, Butyl acetate.

- Cong nghiép hoa chit va hoa dau: San xuat dung moi hitu co, nhua, cao su,
polymer, Son, myc in. VOCs dién hinh nhu Benzen, Toluene, Xylene, Styrene.

- Giao thong van tai, qua trinh luu trir nhién lidu (xang dau bay hoi): thanh phan
chinh 1a Benzene, Toluene, Formaldehyde. ©*]
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VOCs c6 ngudn phat thai da dang, trong d6 cac hoat dong cong nghiép, giao thong va
sinh hoat dan dung 13 nhitng ngudn phat thai chinh can duogc kiém soét. Viéc xac dinh
rd ngudn gbe phat thai VOCs 1a co s quan trong dé Iya chon cong nghé xir 1y phi hop

va xay dung cac chién lugc quan 1y moi truong hidu qua. !

3]

1.3 Anh huéng ciia VOCs dén méi trudng va sirc khée

1.3.1. Téc hai dén strc khoe con nguoi

a. T4c hai ngan han (phoi nhiém cép tinh):

Biéu hién

Mo ta

Kich tng mat, miii, hong

Cay mat, kho hong, ho

Nhire dau, chong mat

Do anh huong dén hé than kinh trung
uong

Buon nén, mét méi

Khi hit phai & ndng d6 cao

Di tng da, phat ban

Mot s6 VOCs gay kich tmg da khi tiép
xuc truc tiép

Bang 1: Tac hai ngan han ciia VOCs [/

b. T4c hai dai han (phoi nhiém man tinh):

H¢ co quan bi 4nh hudng

Tac hai

Heé than kinh trung wong

Ro61 loan tri nho, lo au, tram cam

Gan va than

Suy giam chirc nang, ton thuong té bao

Phoi va ho hap

Hen suyén, viém phé quan man tinh

Ung thu

Mot s6 VOCs 1a tac nhan giy ung thu
(benzene, formaldehyde)

HEé ndi tiet va sinh san

R&i loan hormone, anh huong thai nhi

Bdng 2: Tac hai dai han cua VOCs 13/

1.3.2. Tac hai d6i véi méi trudong

Gop phan hinh thanh ozon tang thap (Os)

« VOCs phan mg v&i oxit nito (NOx) dudi anh sang mit troi — sinh ra Os tang

thap.
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o Gay ra hién tuong khéi mu quang hoa (photochemical smog) ¢ do thi.
O nhiém khong khi

o La thanh phan chinh trong PM2.5, mui ddc hai, khi doc thir cép.

« Lam giam chat luong khong khi, anh hudng tiéu cuc dén sirc khoe cong dong.
Anh huéng sinh thai

e VOCs gay doc cho vi sinh vat, thuc vat, dong vat hoang da.

« Lam giam da dang sinh hoc & khu vuc bi 6 nhiém. ¥/
2. Cac phuong phap xir ly VOCs

Céc hop chét hitu co dé bay hoi dugc tao ra tirng nhiéu nguon khac nhau va ton tai moi
noi trong khong khi, nhiéu nht 1a cac nha may san xuét cong nghiép. Piéu nay khién
cho viéc tim mot phuong phap xtr Iy VOCs duy nhét tré nén kho khan. Cho dén khi
chung ta tim ra cach tao duyng dugc san pham ma khong hinh thanh VOCs, cac nganh
cong nghiép can phai xir Iy VOCs sau khi chung dugc str dung hodc phat sinh. ©

2.1. Hap phu

Hap phu la phuong phap pho bién dé loai bé VOC khoi khi bang cach gan cac phan tir
VOC 1én bé mit chét ran xdp nhu than hoat tinh, silica gel hodc zeolit. Than hoat tinh

duogc sir dung rong rai nho dién tich bé mat riéng cao, chi phi hop 1y va tai sinh dé dang.
[3]

oo ~ < Ic‘.ul uir
VOC laden air [ B " L . A* L
: RRRRRREER
it | B RRBRRET
P R KRRREREES

N
CE TN \ { \ ) 1 "
vr.ljul:u.‘er \ / / " Ad°°m°ml

Hinh 1: So d6 nguyén 1y qud trinh phwong phdp hdp phu VOCs bang than hoat tinh I/

Hap phu 12 phuong phap hiéu qua trong xtr Iy dong khi VOCs c6 ndng d6 thap dén trung
binh khoang (~10 — 2000ppm) , nhd kha ning gitt lai cac phan tir 6 nhiém trén bé mat
vat liéu xop nhu than hoat tinh hodc zeolit. Phuong phap nay cho phép van hanh linh
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hoat, c6 thé thu hdi hodc tai sinh chat hap phu, ddng thoi dé tich hop vao hé thdng xur 1y
khi thai hién hitu.

Tuy nhién, hiéu qua hap phu bi anh hudng dang ké boi nhiét do va d6 am, doi hoi diéu
kién van hanh 6n dinh. Chat hap phu can dugc tai sinh dinh ky dé tranh bao hoa, va mot
s6 vat liéu nhu than hoat tinh c6 nguy co gy chay nd. Ngoai ra, mot s VOCs c6 thé
hap phu qua manh, gdy khé khin trong qua trinh giai hap va thu hoi.

2.2. Phwong do6t chay khong c6 xc tac

- Thiét bi: Thermal oxidizer, regenerative thermal oxidizer (RTO).

VOC laden air

1500 °C

- — ~

_200°C

N,

Cold and
clean air

Thermal oxidizer

Heat storage

VOC laden alr
Thermal oxidizer
Recovery heater 1™\ | 1ss0°C

4’ Cold and clean air
7590
(b)

Hinh 2: So d6 nguyén 1y qud trinh phwong phdp oxy héa nhiét (Thermal Oxidation);
(a) RTO (Regenerative Thermal Oxidizer),; (b) RCO (Recuperative Thermal Oxidizer)
3]

Nguyén ly: Bét VOCs & 700-1000 °C trong budng d6t ¢ thoi gian luu 0,5-1 s. Ung
dung cho ngudn khi thai c6 ndng d6 VOCs trung binh — cao (~2000 — 20000ppm). Dua
trén viéc dot VOCs & nhiét do cao (700—1000 °C) dé chuyén thanh CO: va H>0.™

2.3. P6t chay c6 xuc tic

Thiét bi: Budng phan tng xuc tac (honeycomb ceramic coated catalyst).
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VOC laden air

Recovery heater

Catalytic oxidizer

.....

........

Cold and clean air

90-125°C

Hinh 3: So d6 nguyén 1y qua trinh phuong phép oxy héa xtc tac(Catalytic Oxidation)

31

Nguyén Iy: VOCs bi oxy hoa trén bé mat xac tac di thé (Pt, Pd, MnOz, CuO) & nhiét
d6 200—400 °C, tao CO- va H-0. Diéu kién khong khi phai sach bui va sulfur dé tranh
“ngd doc” xuc tac. Phuong phap nay sir dung chat xuc tac (kim loai quy, oxit kim loai)
dé oxy hoa VOCs thanh CO: va H20 & nhiét 6 thap (200-400 °C).™

2.4. So sanh vu — nhuwoc diém

Phuong phap

Uu diém

Nhuoc diém

Hap phuy

Hi¢u qua & nong do thap,
van hanh don gian

Can tai sinh, vat liéu dé bao
hoa

D6t chay khong co xuc tac

Hi¢u qua cao, xtr Iy VOC
phuc tap

Nhiét d0 cao, ti€u ton
nhiéu nang lugng

Dot chay co xuc tac

Nhiét do thap, hiéu qua
cao, than thién vo1 moi
truong

Phu thudc chét xuc tac

Bang 3: Uu nhwoc diém ciia cdc phieong phép xie Iy VOCs

3. Xuc tac oxi hoa hoan toan VOCs

- Oxi hoa hoan toan VOCs 12 qu4 trinh chuyén héa cac hop chit hiru co dé bay hoi
(VOCs) thanh cac san pham khong doc: CO2, H-0 ( VD: CeHsCH3 + 90, — 7CO, +

4H-0)

- Phan tng chi x4y ra hiéu qua nho xtc tac oxi hoa, cho phép:

Nhiét d6 phan tng thip hon (200-400°C) so v6i d6t nhiét thong thudng (>700°C).

Hiéu suat chuyén hoa cao, >95%.

Tiét kiém ning luong, giam chi phi van hanh
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- Hop chit VOCs dién hinh — Toluene

Toluene 13 mot hop chat hydrocacbon thom. Dy 1a mot chét 1ong trong subt, c6 mui,
khong tan trong con, ether, acetone va hau hét cac dung méi hiru co khéc, tan it trong
nuoc.

Cong thure hoa hoc

Toluen c6 cong thirc 1a C7Hs. Toluen con c6 cac tén goi khac nhau do 1a metylbenzen
hay phenylmetan, Toluol, ...

Ty trong cua Toluen: 0.8669 g/cm?.
b9 hoa tan trong nudce cua Toluen: 0.053 g/100 mL (20-25°C).
Nhiét do soi cua Toluene: 110.6 °C.

Toluene chu yéu dugc dung lam dung moi hoa tan nhiéu loai vat liéu nhu son, muc in,
chat héa hoc, cao su, muc in, chat két dinh,... . Toluene 1a mot hop chat VOCs dién
hinh, v61 hau hét cac tac hai pho bién cia VOCs déu hién dién trong no.

CsHsCHs + 902 — 7CO, + 4H,0
- Hop chat VOCs dién hinh — Etyl axetat

La dung mai hiru co dé bay hoi, muii thom nhe trai cdy, dé chay, tan trong nhiéu dung
moi hiru co, tan han ché trong nudc

- Cong thirc C4sHsO:

- Nhiét d¢ so1: 77 °C

- Ap suat hoi cao, do d6 phat thai VOCs manh trong diéu kién binh thudng.
- It doc nhung van gay kich tng va tac dong than kinh

Chu yéu duoc dung lam dung moi hoa tan nhiéu loai vat li€éu nhu son, muc in, chat
hoa hoc, cao su, muc in, chat két dinh,....

C4Hg O +30, — 2CO;2+4H,0

3.1. Co ché oxi héa xtc tac

Hai co ché chinh thudng duoc mé ta:

Co ché Mars—van Krevelen (MvK): VOC phan ung véi oxy mang tinh thé ctia xtc tac
— tao san pham oxy hoda va dé lai vi tri khuyét; sau do oxy khi tai bo sung vao mang.
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Hinh 4: So dé nguyén Iy ciia co ché Mars—van Krevelen (MVK) [’

1. Cac phan tir VOC (RH) bi oxi hoa béi oxy bé mit, sau d6 tao ra khiém khuyét oxy;
tirc 1a tam kim loai bi khur.

2. Khiém khuyét oxy duogc bu lai khi tim kim loai duoc oxi hoa trd lai.

Co ché Langmuir—Hinshelwood (L-H): VOC va O: dong hap phu lén bé mit xuc tac,
sau do phan ung tao CO: va H-0.

Hinh 5: So do6 nguyén Iy ciia co ché Langmuir—Hinshelwood
O: phan ly tao O trén bé mit cac tim kim loai quy.
VOCs (RH) dugc hap phu 1én bé mat kim loai quy ma khong bi phan ly.

Nguyén tir O tdn cong phéan tir RH d hip phu dé tao CO,, H-0, va VOCs méi (R’H).
VOCs méi R’H tiép tuc di vao chu trinh phan tng tiép theo.

Céc xuc tac hiéu qua phai c6 kha ning cung cap oxy linh dong, hoat hoa O va phan
tan pha hoat tinh t6t. !
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3.2. Cac nhém xiic tac thwong sir dung (kim loai quy, oxit chuyén tiép,
perovskite...)

- Kim loai quy: Pt, Pd, Au — cho hoat tinh cao nhung gid thanh dat.

- Oxit chuyén tiép: MnO:, Co304, CuO, NiO — ré, hoat tinh tdt, c6 thé thay thé kim loai
quy.

- Perovskite (ABOs): LaMnOs, LaCoOs — d6 linh dong oxy cao, bén nhiét tbt.

- Vat liéu ho trg: Al:Os, Si02, CeO- gitip phan tan pha hoat tinh va tang dién tich bé mit.
4. H¢ xic tac MnO:

Mangan 1a nguyén t6 da hoa tri nén oxit mangan ton tai & nhiéu dang khac nhau nhu
MnO, Mn304, Mn2Os,... va bén nhat 1a MnO2. MnO; 12 mot chat oxy hdéa manh, c6 kha
ning xuc tac trong nhidu phan tng héa hoc. Trong ty nhién khoang vét chinh cua
mangan la hausmannite (Mn3Q4), pyrolusit (MnO,) va manganite (MnOOH).[®!

Hinh 6: Vat liéu xuc tac MnQO:

Cho dén nay, nguoi ta da tim théiy dugce rat nhiéu dang cAu trac cta tinh thé MnOa, ¢b
thé ké dén nhu: a-MnO,, B-MnO:, y-MnO,, A-MnO,... Ty thudc vao phuong phap diéu
ché ¢ thé thu dugc cac dang khac nhau.

e Do bé nhiét dong va hinh thai hoc
P bén nhiét dong: B-MnO: bén vitng nhat ¢ nhiét d6 phong, nhung cac dang khac nhu
v-MnO: va a-MnO; c6 thé co tinh chat xuc tac dic biét trong cac diéu kién khac nhau.

Hinh thai hge: MnO: c6 thé duoc di€u ché thanh céc cau triic nano nhu nanorods,
nanowires, va nanospheres, gitip tang dién tich bé mat va hiéu suét xuc tac. [’

4.1. Pic diém céu tric va tinh chit ciia MnO2

MnO: 1a mét trong nhirng oxit kim loai chuyén tiép c6 kha ning oxy hoa manh nho:

« Nhiéu dang ciu trac tinh thé (a-, p-, y-, 8-MnO>) v&i kénh va héc kich thude khac
nhau.
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e (o0 kha nang thay ddi hoéa trj linh hoat Mn3*/Mn*", thuan loi cho co ché MvK.
« Dién tich bé mit 16n, kha ning hip phu oxy va giai phong oxy tt.

o (Gia thanh ré, than thién moi truong.

o-MnQO»

Céu trac: CAu tric a-MnOs duoc dic trung bo1 cac don vi octahedral MnOg chia sé€ cac
dinh va canh tao thanh céc kénh rong trong mang ludi tinh thé.
Dic diém: Dang nay c6 ciu trac tunnel véi cac kénh rong, cho phép cac ion va phén tir
di chuyén dé dang, 1am cho no hiru ich trong cic tmg dung luu trit ning luong va xic
tac.
Nhitng dic diém nay giup a-MnO; thé hién hoat tinh xtc tac vuot troi trong phan
g oxy hoa VOCs, dic biét & nhiét 46 thap dén trung binh, voi kha ning hap phu,
hoat hoa oxy va chuyén héa VOCs hiéu qua hon cac pha con lai. [*]

0.98 nm

Hinh 7: Cau trac tinh thé ciia a-MnO;
B-MnO>
CAu tric: p-MnOz ¢6 céu tric tinh thé 6n dinh, hé tunneling 1 x 1 hep (<3 A),
Pic diém: Phu hop cho cac tng dung luu trit ion nhung khong hd trg tot cho phan tir
VOC:s kich thude 16n.
Mic dii B-MnO; s hitu d6 bén nhiét cao va tinh thé on dinh, nhung kha ning xir 1y
VOCs thudng thap hon nhiéu so véi cac pha khac nhu a, y hodc 5-MnO,. 7]
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Hinh 8: Chu trac tinh thé cua f-MnO;

v-MnO:

CAu tric: y-MnO2 13 mot dong thé (polymorph)ciia MnOa, ¢6 cdu tric tinh thé khong
tuan hoan (defective and intergrowth structure), dugc xem 1a sy xen k& cua hai pha
B-MnO; va R-MnO; (ramsdellite).

Pic diém: y-MnOa 1a mot pha oxit mangan c6 cdu triic mesoporous va mat do 13 trong
oxy cao, gitp tang kha nang hap phu va hoat héa phan tir oxy trén bé mat. Nho kha ning
khtr oxy tdt & nhiét do thép va hd tro hiéu qua cho co ché Mars-van Krevelen, v-MnO,
thé hién hoat tinh xtc tic cao trong qua trinh oxy héa VOCs. Nghién ctru cho thiy
y-MnO> c6 thé dat hiéu suit chuyén hoa formaldehyde gan 100% & 155 °C, vuot troi
hon so v6i cac pha khac nhu B-MnO; hay 0-MnQO,. 8]

Hinh 9: Céu tric tinh thé cia y-MnO>

0-MnQO3

CAu tric: 3-MnO: 1a dang 16p tang (layered structure), noi cac don vi MnOs octahedron
xép canh nhau tao thanh céac 16p, xen giira cac 16p 1a cation (Li*, Na*, K*) va phan tir
nuoc.

Dic diém: Cau tric ndy tao nén dién tich bé mit 16n (>100 m?/g) cing thé tich 15 xp
cao, thuan loi cho hép phu phan tor VOCs va khuéch tan khi. §-MnO; ¢6 hiéu suit oXy
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hoa VOCs vuot troi, dac biét 1a toluene, ding cao hon a va B3, chi sau y-MnO» nho kha
nang hd trg hitu hinh quan trong trong thuyét Mars-van Krevelen.

Hinh 10: Chu trac tinh thé cia §-MnO;

~MnO:

CAu trac: A-MnO> thudc nhom céu trac spinel (Mn3Os-like), v6i khung tinh thé 3 chiéu
(3D porous framework) bao gdm cic MnOs octahedron ghép khit, tao nén mang ludi
rong (mesoporosity).

Pic diém: A-MnO: cho thay kha ning oxy hoa VOCs hiéu qua ¢ nhiét do thap, nho tdi
vu hip phy va hoat hoa tét, 1a vat liéu xac tac tiém nang thay thé xuc tac kim loai quy.

Hinh 11: CAu truc tinh thé ctia A-MnO»

4.2. Vai trd ciia cac kim loai chuyén tiép Ni, Cu trong viéc ting cwong hiéu qua
xuc tac cuia MnQO:

Ni va Cu khi pha tap vao MnO- thuong mang lai céc g1 ich:
o Tao khuyét oxy nhiéu hon — ting kha ning hoat hoa oxy.

« Tang tinh din dién va kha ning chuyén electron.
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« Phan tan ddng déu pha MnOs, tang dién tich bé mit.

« Tao ra cac cip oxi hoa khtr Niz*/Ni** hodc Cu*/Cu?" hd trg qua trinh oxy hoa
VOCs.

o (Cai thién do bén nhiét va chong nhiém ddc x1c tac.

Vi vay hé Mn-Ni—Cu duoc nghién ctru nhiéu cho oxi hoa toluene va ethyl acetate va
VOC:s khac.

4.3. Tinh hinh nghién ctru trong va ngoai nuwée

- Trén thé gi6i: Nhiéu nhom nghién ctru tip trung tong hop MnO: va MnO:-doped Ni/Cu
theo cac phuong phap sol-gel, hydrothermal, precipitation. Cac cong bd gan day cho
thay xuc tac Mn—Cu va Mn—Ni ¢6 hoat tinh cao trong oxi hoa toluene & 200-300 °C.

- Trong nuéc: Cac nghién ctru chii yéu tap trung vao vat lidu oxit chuyén tiép gia ré
(MnO2, C0304). Mot s6 nhém di nghién ctru MnO: dang o va y cho oxi hoa ethanol,
toluene nhung van con han ché so véi qubc té vé s6 lugng va do sau nghién ctru. MnO-
pha tap Ni/Cu 12 huéng con tiém ning

5. Muc tiéu va n¢i dung nghién ctru cia luan van

Muc tiéu:

« Tong hop va khao sat hé xtic tic MnO: pha tap Ni va Cu.

o Daénh gid hoat tinh xtc tac trong phan ing oxi hoa hoan toan Toluene.

« Phén tich ciu trac — tinh chat (XRD, BET, ...) va mdi lién hé v6i hoat tinh.
Noi dung nghién ciru gom:

1. Tong hop vat liéu MnO:2 va MnO: pha tap Ni, Cu.

2. Pic trung vat liéu bang cac phuong phap: XRD, BET.,...

3. DPanh gia kha ning xtic tic oxi hoa Toluene va Ethyl acetate trong diéu kién thyc
nghiém.

4. Phan tich 4nh hudng cua cAu trac, pha tap kim loai dén hoat tinh xuc tac.

5. DBé xuat co ché va so sanh véi cac nghién ctiru da cong bo.
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CHUONGII: THUC NGHIEM VA PHUONG PHAP NGHIEN CUU

1. Dung cu va héa chét

1.1. Hoa chat

vz | Mitrc d6
Tén hoa chét Ky hiéu CAS | Ngubngbe | =¥
hiém
Potassium permanganate KMnOg4 7722-64-7 USA Trung binh
M I1) nitrat
anganese(ll) nitrate |\ N0, 4H,0 | 20694-39-7 |  USA | Trung Binh
hexahydrate
Niken(II) nitrat
tken(Il) nitra Ni(NO3).6H;0 USA Trung binh
hexahydrat
C 1) nitrat
opper(il) nitrate 1 | N03)2.3H20 USA Trung binh
trihydrat
Potassium hydroxide KOH Viét Nam Trung binh
Khi Heli
. 9’1 A 9;01 He 7440-59-7 | Viét Nam Khéng
Khi Nito 99,99% N2 7727-37-9 | Vi¢t Nam Khong
Khi Hydro H> 1333-74-0 | Viét Nam Khoéng
Bdng 4: Hoa chat can st dung
1.2. Dung cu, thiét bi can chuan bi cho qua trinh téng hop mot vat liéu xuc tac
STT Tén dung cu S6 luong Cong dung
1 Cbc thuy tinh 500mL 2 Pung cac dung dich
2 Ong dong 100mL 1 Pong nudc cat
3 Can phan tich 1 Can mau
4 May khudy tir gia nhiét 1 Khudy déu dung dich
5 Con tu 1 Khudy déu dung dich
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6 Buret Dung dé ch.ua;m do dung
dich

7 May hut chan khong Loc mau

8 Giéy loc Loc mau

9 Tu sdy Say kho mau

10 Cbi nghién Nghién mau

11 Chay nghién Nghién mau

12 Lo nung Nung mau

13 Hop dung nhua Pung mau xuc tac

14 Bao dyng mau DPung mau xic tac

15 Nhan dan Ky hiéu mau xtic tac

Bang 5: Dung cu, thiét bi can st dung

2. Quy trinh tong hop xiic tic

Quy trinh tong hop xuc tac (catalyst synthesis procedure) 1a tip hop cac budc tir chuan
bi tién chat, tao pha hoat tinh, mang tai, xtr ly nhiét — hoa dé tao ra vat liéu xuc tac co

cAu tric, dién tich bé mit va tinh chat phu hop cho phan tng mong mudn.

2.1. Phuwong phap tong hop
2.1.1. Vat liéu xuc tac MnO2
a. Quy trinh
1. Chuén bi dung cu:
e 2 cbc thuy tinh 500mL
« 16ngdong 100mL
2. DPong nudc:

« Dong 100mL nudc cat cho mdi coc
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3. Thém hoa chat:

e Cbc 1: Thém 0.395 gram KMnOs

e Cdc 2: Thém 0.93 gram Mn(NO3)2
4. Khuay dung dich:

« Sir dung may khudy tir dé khudy déu ca 2 coc
5. Chuén bi phan tng:

D6 dung dich KMnOs véo buret.

« Nho tir tir dung dich KMnO4 vao coc chira Mn(NO3)2 véi tbe do nho giot
tir 30-40 giot/phut va nho thém tir tir cung luc KOH vao dé diéu chinh
pH~4.

« Giir may khudy tir hoat dong lién tuc véi téc d6 200-300 vong/phut

« Khinho giot hét dung dich KMnO4 ,cho thém vio buret 50ml nuée cat dé
trang va nho tir tir tiép tuc vao cdc 2 dé hét dung dich KmnO4.

6. Lang va loc:
« Sau khi phan tng hoan tit, dé dung dich ling trong vong 30 phut dén 1
tiéng
« Loc két tia bang may hut chan khong va gidy loc
7. Say mau:
« Dit két tha vao tu sdy, diéu chinh nhiét d6 tir 100°C dén 110°C
« Séy cho dén khi mau kho hoan toan (thoi gian khoang 16 tiéng)

Say dé loai bo nude ty do hodc nudc tinh khiét: Tang do chinh x4c trong phan tng
hoéa hoc, tranh phan tng phu do nude, dam bao tinh 6n dinh va tinh khiét ctia san pham.

8. Nghién mau:
« Lay mau ra dé ngudi
« Nghién min mau
9. Nung mau:
« Cho méu vao cdc nung
« Diéu chinh tdc d6 gia nhiét 1°C/phut
e Nung ¢ 400°C trong vong 4 gio

Nung dé phan huy mudi nitrat thu duoc oxit kim loai, loai bo tap chét hitu co, hinh
thanh cau tric tinh thé, ting tinh chat vat Ii.

10. Thu mau:
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« Sau khi nung, dé ngudi sau d6 thu mau vao 6ng dyng va dan nhin tén mau
b. Phan Gng x4y ra trong qua trinh tong hop MnO,-KOH (pH~4)

Phan g trong quy trinh téng hgp MnO»-KOH (pH~4) bang phuong phap nho giot
dung dich KMnOj vao cdc chira Mn(NOs), xay ra nhu sau:

Phan tmg cua quy trinh tong hop
2MnOy4 + 4H20 + 6" — 2MnO; | + 8OH" (Khir)
3Mn** + 6H,0 — 3MnO, |+ 12H" + 6¢ (Oxi hoa)
Phan g tong:
2MnOy4 + 3Mn?" + 2H20 — 5Mn0O, | + 4H+
Mn2+ + OH- — Mn(OH)2
2.1.2. Tong hop vit liéu xiic tac 0.1Ni-0.1Cu-MnO;
a. Quy trinh
1. Chuén bi dung cu:
e 2 cbc thay tinh 500mL
« 16ngdong 100mL
2. Dong nudc:
« Pong 100mL nudc cit cho mdi cdc
3. Thém hoa chét:
e« Cbc 1: Thém 0.395 gram KMnOa

e Cbc2: Thém 0.93 gram Mn(NO3)2 va 0.18 gram Ni(NO3)2 va 0.15 gram
Cu(NO3)2

4. Khudy dung dich:

« Sir dung may khudy tir dé khudy déu ca 2 coc
5. Chuén bi phan tng:

« D6 dung dich KMnOs véo buret.

« Nho tir tir dung dich KMnO4 vao cdc chira Mn(NO3)2 va Ni(NO3)2 va
Cu(NO3)2 véi tbe do nho giot tir 30-40 giot/phit va nhé thém tir tir cing
lac KOH vao dé diéu chinh pH~4.

« Giir may khudy tir hoat dong lién tuc véi téc d6 200-300 vong/phut

« Khi nho giot hét dung dich KMnO4 ,cho thém vao buret 50ml nudc cat dé
trang va nho tir tir tiép tuc vao cde 2 dé hét dung dich KmnO4.

6. Lang va loc:
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« Sau khi phan tng hoan tit, dé dung dich ling trong vong 30 phat dén 1
tiéng
« Loc két tia bang may hut chan khong va gidy loc
7. Sy mAu:
« Dit két tha vao tu sdy, diéu chinh nhiét 6 tir 100°C dén 110°C
« Siy cho dén khi miu kho hoan toan (thdi gian khoang 16 tiéng)

Say dé loai bo nudce ty do hodc nudc tinh khiét: Tang d6 chinh xac trong phan tng hoa
hoc, tranh phan tng phu do nudc, ddm bao tinh 6n dinh va tinh khiét cta san phém.

8. Nghién mau:
« Lay mau ra dé nguoi
« Nghién min mau
9. Nung mau:
« Cho mau vao cbc nung
« Diéu chinh tdc d6 gia nhiét 1°C/phit
e Nung ¢ 400°C trong vong 4 gio

Nung dé phan huy mudi nitrat thu duoc oxit kim loai, loai bo tap chét hitu co, hinh
thanh cau tric tinh thé, ting tinh chat vat Ii.

10. Thu mau:
« Sau khi nung, dé ngudi sau d6 thu mau vao éng dung va dan nhin tén mau
b. Phan ng x4y ra trong qua trinh tong hop 0.1Ni-0.1Cu-MnO,-KOH (pH~4)

Phén (g trong quy trinh tong hop 0.1Ni-0.1Cu-MnO»-KOH (pH~4) bang phuong phap
nho giot dung dich KMnO4 vao cbc chira Ni(NO3)2 va Cu(NO3)2 va Mn(NOs), xay ra
nhu sau:

Phan tng clia quy trinh téng hop

2MnOy4 + 4H20 + 6e- — 2MnOz| + 8OH™ (Khr)
3Mnz+ + 6H20 — 3MnOz |+ 12H" + 6e” (Oxi hoa)
Phan ¢mg tong:

2MnOys + 3Mn," + 2H,0 — 5MnQ; |+ 4H*

Mn?* +20H" — Mn(OH),

Ni?* +20H" — Ni(OH),

Cu?*" +20H" — Cu(OH),
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2.2. Xir ly nhiét va hoat héa xic tac
2.2.1. X1t 1y nhiét

- Khéi ni¢m: X1 1y nhiét 1a qua trinh nung vat liéu xtc tac ¢ nhi¢t do cao, thuong trong
khong khi hodc méi truong ¢ kiém soat (N2, Oz, Ar), nham tao pha tinh thé 6n dinh,
loai bé tap chit va phat trién cAu tric bé mat thich hop cho xuc tac hoat dong.

- Cac muc dich chinh:

e Loai bo dung méi va chét hitu co
e Tao pha tinh thé mong mudn
e On dinh cAu tric xtc tac

e Chinh sira trang thai oxi hoa ban dau
- Cac thong sb quan trong ctia xir 1y nhiét

« Nhiét d6 nung (T): yéu t6 quyét dinh pha tinh thé va muac do két tinh.

« Tbc do tang nhiét: qua nhanh s& gy nit, sup mao quan.

o Thoi gian gitr nhiét: anh hudng dén kich thudc hat.

o Moi truong khi: khi tro, oxy, khong khi, hay khir nhe (H: loang).
2.2.2. Hoat hoéa xtuc tac
- Khai niém: Hoat hoa xuc tac 1a qua trinh xtr 1y xac tac dé dua n6 vé trang thai hoat
dong t6i vu, thudng thyuc hién ngay trude khi sir dung trong phan tmg. Mdi loai xuc tac
s€ c6 quy trinh hoat hoa khac nhau: oxy hoa, khtr, thdi khi, hodc két hop nhiéu giai doan.
- Muc dich cua hoat hoa:

e Thiét lap trang thai oxi hoa phu hop

e Loai bo tap chat bé mat

e Tai cAu tric bé mat hoat tinh
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3. Cac phwong phap dac trung vat liu
3.1. Nhiéu xa tia X (XRD)

AUARNNNANARARRRNAN, LI

Hinh 12: May do XRD

Phuong phéap nhiéu xa tia X 12 mot trong nhitng phuong phap hiéu qua dé xac dinh cau
trac tinh thé cta vat liéu. Phuong phap nay c6 thé xac dinh cac hop chat hoa hoc tir cdu
trc tinh thé ctia chung chtr khong phai tir thanh phan ctia cac nguyén t6 hoa hoc. Diéu
nay c6 nghia 13 co thé xac dinh duoc cac hop chit (hoic pha) khac nhau c6 cung thanh
phan. Cac phuong phap nhidu xa bao gdm nhiéu xa tia X, nhiéu xa electron va nhiéu xa
notron. Nhiéu xa tia X cua tinh thé duoc phat hién vao nam 1912, va ké tir d6 no da tro
thanh k¥ thuat dugc nghién ctru va st dung rong rai nhat dé xac dinh dic tinh vat liéu.
Phuong phép nhiu xa tia X ¢ thé duoc phan thanh hai loai: quang phd va chup anh.
K§ thuat quang pho dugc goi 1a phép do nhidu xa bot tia X, hodc don gian 1a phép do
nhiu xa tia X (XRD), 1a phuong phap nhiéu xa duogc stir dung rong rii nhat.

CAu trac tinh thé va thanh phan pha ciia mau duoc phan tich nhidu xa tia X trén thiét bi
SmartLab X-ray Diffractometer (Rigaku - Nhat Ban) véi btrc xa Cu Ka tai 40kV va 30
mA, goc quét 20 = 5° - 60° va budc quét 0,1°/phat. 18l

Quy trinh thyc hién
« Budc 1: Chuan bi mau vat (thuong 13 bot hodc tim tinh thé).
« Budc 2: Chiéu tia X c6 budc song xac dinh 1én mau.
o Budc 3: Ghi lai cuong do tia X tan xa tai cac goc khac nhau (20).

e Budc 4: Phan tich phé nhiéu xa dé xac dinh cac vi tri cuc dai (dinh) va tir d6 suy
ra khoang cach mang tinh thé, kiéu mang, cu truc tinh thé.
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Hinh 13: Nguyén tic hoat déng ciia mdy XRD

Theo nguyén 1y ciu tao tinh thé, mang tinh thé dugc x4y dung tir cac nguyén tir hay ion
phan Theo nguyén 1y ciu tao tinh thé, mang tinh thé dugc hinh thanh tir cac nguyén tir
hoic ion sap xép c6 trat tu theo quy luat xac dinh trong khong gian ba chiéu. Khi mot
chum tia X chiéu tdi tinh thé, cic mit phang nguyén tir trong mang tinh thé s& dong vai
trd nhu mot hé cach tir nhiéu xa. Cac nguyén tir hodc ion bi kich thich béi tia X s& tré

thanh cac tAm phat tan song, tao nén hién tuong nhiéu xa. ['®]

Céc nguyén tir ndy thuong phan bd trén cac mit phang song song. Khi tia X phan xa
trén cac mat phéng do, hi¢u quang trinh — do 1éch duong di gitra hai tia phan xa tu hai
mit phang ké tiép - duoc xac dinh bai cong thirc

e A=2xd Xsinf
e Trongds: d : 1a khoang cach giita hai mit phang song song
e A : 1a goc gilta chum tia X va mat phang phan xa
o SinfO :Ilahi€u quang trinh cta hai tia phan xa
« Dé xay ra hién tuong giao thoa ting cudng (cac song phan xa cung pha), hiéu
quang trinh A phai bang bdi s6 nguyén clia budc song A: 2
X dXsin@=n X2

Day 1a phuong trinh Bragg (hay con goi 14 hé thirc Vulf-Bragg), 1a co s& 1y thuyét quan
trong trong phuong phéap nhiéu xa tia X.

Bang cach do goc nhidu xa va biét trude budce séng tia X, ta c6 thé tinh duoc khoang
cach d giita cac mit phang trong mang tinh thé. Viéc so sanh gi tri d thu duoc véi co
so dit liéu chuan gitp xac dinh cau trac tinh thé va pha vat chat dang khao sat. Nho do,
nhiéu xa tia X 1a phuong phap pho bién va quan trong trong nghién ciru cau tric tinh thé
ctia vat liéu ran.
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Hinh 14: Quang phé nhiéu xa tia X

Muc dich: Xéac dinh thong tin cau triic tinh thé, thanh phan pha (d6 tinh khiét) cta vat

lidu, xé4c dinh duogc kich thude tinh thél!s]

3.2. Hap phu - giai hdp dang nhiét N2

Phuong phap hap phu dang nhiét N> duoc stir dung pho bién dé xac dinh cac dic trung
cAu tric xép cta vét liéu ran, bao gém dién tich bé mat riéng va phan bd kich thudc mao
quan. Phuong phép nay dic biét hitu ich trong nghién ctru cac chat hip phu, chat xuc
tac va vat lidu c6 cdu tric x6p khac.

Muc dich: Xé4c dinh bé mit riéng Sger, phan b mao quan, thé tich xdp.

Nguyén li:

Phuong phap dua trén viée xac dinh lugng khi can thiét dé tao thanh mét 16p don phan
tir phii déu trén bé mat mau. Luong khi nay duoc xac dinh thong qua dudng cong hap
phu dang nhiét ciia khi N> do ¢ nhiét do 77K (-196°C), theo phwong phap BET. O nhiét
do nay, N> long cling dugc st dung lam chit 6n dinh nhiét. Khi N, duoc hép phu trén bé
mit vat liéu cha yéu bing co ché hip phu vat 1y. Luong N, hap phu tai mot ap suét xac
dinh dugc do bang cach tinh thé tich hodc khdi lugng khi hap phu. Trudc khi tién hanh
do, mau dugc xir Iy bang cach hit chan khong va gia nhiét trong diéu kién thich hop
nhiam loai bo cac tap chat va hoi 4m bam trén bé mat chat hap phu.

Dién tich bé mit riéng duoc tinh toan tir duong dang nhiét hap phu theo mé hinh BET
(Brunauer — Emmett — Teller), dua trén ba gid dinh co ban:

- Bé mit vat liéu c6 ning lugng hap phu dong déu tai tat ca cac vi tri hap phu.

- Khong c6 sy twong tac gitra cac phan tir N2 hip phu trén bé mit.

- Nang luong hap phu cua 16p thir hai va cac 16p sau d6 twong duong véi niang luong

ngung tu cia N> trong pha 16ng. 2%
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Hinh 15: Hé thiét bi xac dinh dién tich bé mat riéng (ASAP 2020)

Céc dac trung mao quan cua vat liéu dugc phan anh qua hinh dang cua duong déng nhiét
hap phu - giai hip phu, thuong duoc phan loai theo hé thong TUPAC.
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Hinh 16: Céc dang dudng dang nhiét hap phu - khir hip phu va céac loai mao quéan xtc
tac twong trng

Dua trén hinh dang ctia duong cong hap phu - giai hap phu, cac vt liu duoc phan loai
theo hé théng IUPAC thanh 6 kiéu chinh (I-VI) nhu thé hién trong hinh trén

- Kiéu I dic trung cho cac vat lidu vi mao quan hoic khong co6 mao quén, voi kha ning
hap phu nhanh tai ap suat thip va dat trang thai bdo hoa som.

- Kiéu I va III thuong lién quan dén cac vat liéu c6 mao quan 16n hoac vat liéu c6 bé
mit khong dong nhat, trong d6 kiéu II biéu hién sy hinh thanh 16p phii don phén tir va
da phan ttr, con kiéu III thé hién twong tac hap phu yéu.

- Kiéu IV va 'V la dic trung cua cac vat liéu ¢ mao quan trung binh, c6 xuét hién hién
tuong ngung tu mao quan khi ap suat twong d6i (P/Po) dat gia tri nhit dinh. Dic diém
ndi bat 1a vong tré giita cac qua trinh hap phu va giai hap phu.
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Hién tuwong vong tré phat sinh do su khac biét vé co ché giita qua trinh ngung tu mao
quan trong hap phu (dién ra & ap sudt cao hon) va qua trinh bay hoi mao quan trong giai
héap phu (dién ra ¢ ap suét thap hon). Céc loai vong tré pho bién (H;-Has) thé hién hinh
thai va phan bd mao quan khac nhau:
- Hi: mao quan hinh try déng déu.
- Hy: mao quén hinh binh ¢6 chai.
- Hs: cdu tric dang tAm song song, khong dong kin.
- H4: mao quan khe hep hoac dang ném.
Dé dinh luong dién tich bé mit riéng, phuong trinh BET:

P 1 c-1 P

_— = — 4+ X —

Trong do:
P: Ap suét can bang
Po: Ap suét hoi bido hoa ctia chat hép phu ¢ nhiét d¢ thuc nghi¢m
V: Thé tich ctia khi hip phy & ap suit P
Vin: Thé tich ctia 16p hap phy don phan tir (tinh cho mot gam chit rin trong
diéu kién chuan)
C: Hing s6 BET (C = exp [(q-q1)/RT])
q: Nhiét hip phu cta 16p dau tién
qi: Nhiét hdp phu cua khi trén tat ca cac 16p khac
R: Hang s6 khi 1y tudng
T: Nhiét do Kelvin
P
V(Po—P)

Xay dung gian dd ma phu thuoc vao P/Py s€ thu dugc mét doan théng trong

khoang P/Po tir 0.05 — 0.3. P9 nghiéng (tg) va tung do ctia doan thang cho phép xéac dinh
thé tich ctia 16p phu don 16p (16p don phan tir) Vm va hang s6 C.

P/V(P,-P) c-1

ga = —
Fm.C

a l

OA =
A~ m.C

»
L4

0 P/P.

Hinh 17: D6 thi biéu dién bién thién ctia P/V(Po-P) theo phwong phap BET
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4. Danh gia hoat tinh xuc tac oxi hoa VOCs

4.1. Hé¢ théng phan &ng

So d6 hé thong phan g ting xic tic o dinh

?

_4®
7

I

AIR

Hinh 18: So @6 hé thong phan ieng tang xiic tac ¢é dinh

Hé thdng phan tng ting xuc tic ¢ dinh dugc sir dung dé danh gia hoat tinh xuc tac
trong phan mg oxi héa VOCs. Ngudn khi N2 va khong khi duoc cap tir cac binh khi cao
ap va diéu chinh luu lugng chinh x4c bang cac bo diéu khién luu luong (MFC). Dong
N duoc dan qua binh chtra toluene (hodc ethyl acetate) co kiém soat nhiét do dé tao
dong khi mang VOCs, sau d6 duoc pha lodng v6i khong khi nham dat nong do VOCs
mong mudn. Hn hop khi duge tron déu trong bd tron trude khi di vao dng phan tng
dang tang cb dinh, trong d6 mau xuc tac dugc dit ¢ trung tim va cb dinh bang bong thuy
tinh. Ong phan tng dugc gia nhiét cho phép kiém soat chinh xac nhiét 46 phan Gng. Khi
sau phan tng duoc dua dén hé sic ky khi (GC) dé phén tich ndng do VOCs va cac san
pham phan tng nhu CO: va CO, v6i N2 hodc He lam khi mang va Ha, khong khi cap
cho dau do. Két qua phén tich duoc xtr 1y trén may tinh dé xac dinh hiéu suit chuyén
hoa va danh gia hoat tinh xtc tac.

Phan trng oxy hoa hoan toan Toluene hoac Ethyl acetate trén vat liéu xuc tac dugc thuc
hién & nhiét d6 tir 30-300°C (400°C), trén thiét bi phan mg lién tuc dang 6ng vdi tang
xuc tac ¢d dinh. 0.1g chét xuc tic duge dua vao thiét bi phan (mg véi bong thuy tinh dat
duéi 16p xuc tac dé cb dinh ting xuc tac. Nhiét do cta nguyén liéu toluene hoic etyl
axetat duoc duy tri & 3.5°C bang thiét bi 1am lanh. Hon hop nguyén liéu sau d6 sé& vao
thiét bi phan ung. Tai day, toluene hoic etyl axetat s& bi chuyén hoa hoan toan thanh
CO; va H20 véi phan tng nhu sau: t°

CsHsCH3z + 90, —  7CO2+ 4H;0
CsHg O +30, — 2CO;,+ 4H,0
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San pham sau khi di ra khoi thiét bi phan Gmg s& duoc phan tich bang thiét bj Gas
Chromatography c6 trang bi dau do TCD va FID. COa dugc phat hién bang dau do TCD,
toluene dugc phat hién bﬁng dau do FID.

4.2. Piéu kién phan irng
Diéu kién lam viéc:
e Luu luong nguyén liu: ~100 mL/min
e Nong do toluene 900 ppm hoic ethyl acetate: 1200 ppm
e Khdi luong xtc tac: 0.1g
e GHSV: 60.000 ml/phut/g
e Nhi¢t do: 30-300°C (400°C)

Thiét bj Gas Chromatography: hé thdng sic ky khi bao gdm dau do Ivu huynh (SCD),
dau do nhiét d6 (TCD), dau do ngon lira ion hoa (FID)

4.3. Phwong phap phén tich san phim

Hinh 19: Hé théng sic ky khi Gas Chromatography

Gi6i thiéu vé sic ky khi (GC)
Hang san xuat: Agilent Technologies/My. Mode: 7890B.
Hé thong sic ky khi (GC) bao gdm céc thanh phan co ban sau:

Ngudn cung cap khi mang: C6 thé sir dung binh chtra khi hodc cac thiét bi sinh khi (thiét
bi tach khi N tir khong khi, thiét bj cung cip khi Ha tir nude cat,...).

Lo cot: dung dé diéu khién nhiét d6 cot phan tich.

B phén tiém mau.
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Bo phén tiém mau dung dé dua méiu vao cot phén tich theo v6i thé tich bom c6 thé thay
d6i. Khi dua mau vao cot, c6 thé sir dung ché do chia dong (splir) va khong chia dong
(splitless).

Cot phan tich. C6 2 loai cft:

- Cot nhdi (packed column): pha tinh dugc nhdi vao trong cot, cot ¢ duong kinh
2-4mm.
- Cot mao quan (capillary): pha tinh dugc pht mit trong (bé day 0.2-0.5um), cot
c6 duong kinh trong 0.1-0.5mm va chiéu dai 60 .
Pau do dung phat hién tin hiéu dé dinh tinh va dinh luong céc chét can phan tich. Co
nhiéu loai dau do khac nhau tity theo muyc dich phan tich nhu dau do ion héa ngon lira
(FID - Flame Ioniation Detetor), ddu do dan nhiét (TCD - Thermal Conductivity
Detector).

Nguyén li hoat dong
Sau khi di ra khoi thiét bi phan img miu duoc bom vao trong va theo dong khi mang N
dua dén cot sac ky (pha tinh). Mau khi qua ¢t ndy sé& dugc hap phuy lén trén pha tinh.
Sau d0, cac chat 1an luot tach khoi cot theo dong khi ra ngoai dugc ghi nhan béi dau do
TCD va FID. Tir cac tin hiéu nhan duoc may tinh s& xur 1y va biéu hién két qua bang séic
ky d6. Cac chat dugc xac dinh nho gid tri thoi gian luu trén sic ky do.
4.4 Xac dinh hoat tinh xuc tac
a) Két qua thu duoc ciia Ethyl acetate

e Két qua thu duoc tir dau do FID

San pham sau khi phan tmg qua thiét bj phan tich sic ky khi ¢au do FID s& phat hién ra
toluene ¢ phut thir 3.92 Tin hiéu thu dugc s& hién thi qua man hinh méy tinh nhu hinh
dudi.
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A
B
¢

Hinh 20: Két qua thu duoc tir ddu do FID
e Két qua thu dugc tir ddu do TCD

Tai ddu do TCD san phidm sau khi phan @ng qua thiét bi phén tich sic ky khi dau do
TCD sé€ phat hién ra peak CO> tao thanh & phut thtr 4.42 va cta khong khi tai phuat tha
7.01. Tin hiéu thu dugc tir ddu do TCD s& hién thi qua man hinh may tinh nhu hinh dudi.

Hinh 21: Két qua thu duoc tir dau do TCD

b) Két qua thu duoc ctia Toluene

Két qua ctia oxy hoa hoan toan Toluene twong ty két qua tin hiéu thu dugc tir dau do
FID va TCD hién thi trén man hinh may tinh khi oxy hoa hoan toan ethyl acetate.

e Két qua thu duoc tir dau do FID

San pham sau khi phan tmg qua thiét bj phan tich sic ky khi dau do FID s& phat hién ra
toluene ¢ phut thir 6.69.
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e Két qua thu duogc tir du do TCD
Tai dau do TCD san pham sau khi phan tng qua thiét bi phan tich sic ky khi dau do
TCD sé€ phat hién ra peak CO> tao thanh & phut thtr 4.33 va ctua khong khi tai phuat tha
6.29.
¢) Cac cong thirc tinh toan

e Do chuyén hoa cua toluene

Goi Ao va A; 1an luot 13 dién tich peak trén sic ki d6 tuwong Gng véi toluene trude

phan tng (khi dong khi khong qua chét xtic tac) va sau khi dd phan tmg (khi dong khi
da di qua chat xac tac). Khi d6 6 chuyén hoa toluene C (%) duoc tinh theo cong thirc:

C(%) = [C7H8[]C(‘)7Ij18[]i7H8]i x 100% = AOA_O A 100%
Trong do:
C (%) : Do chuyén hoa toluene
[C7Hzs]o : Nong do toluene dau vao
[C7H3sl; : Nong do toluene do duoc

e Do chuyén hoa cia ethyl acetate

[C4Hg0,]o — [C4HgO,]; Ay — A
C(%) = x100% = x 100%
[C4-H802]0 AO
Trong do:
C (%) : P chuyén hoa Ethyl acetate

[C,Hg0,]o :Nong do Ethyl acetate dau vao
[C,Hg0,]i :Nong do Ethyl acetate do dugc

e Van tbc ciia qua trinh
Vian toc khong gian cta qua trinh (GHSV, gas hourly space veocity) thudng duge tinh
theo cong thuc:

Luu lwgng nguyén liéu (cm?/h)

GHSV = -
Thé tich xtc tac (cm®)

Trong nghién ctru nay, em khong xac dinh duoc thé tich xuc tac qua cac lan do. Do
vay, van toc khong gian duoc tinh theo cong thire sau:

_ Luu lwong nguyén liéu (mL/h)

Khéi lwong xtc tac (g)
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CHUONG III: KET QUA VA THAO LUAN

3.1. Két qua do nhiu xa tia X
a. Vat liécu MnO»

Phuong phap XRD dung dé xac dinh thanh phan pha va cdu trac cia MnO; va 0.1Cu-
MnO.. Hinh ... 1a gian 6 XRD cua mau MnO2 tong hop bang phuwong phap nho giot
KMnOs vao dung dich Mn(NOs).. Gian d6 cho thiy cac dinh nhidu xa dic trung xuét
hién rd rang va déu thudc pha OMS-2 (Ko,00Mn0,.0.08H20, con goi 13 a-MnO,. Két qua
nay cé dugc 1a nho so sanh véi thé dir licu chuin 00-063-0101. a-MnO; ¢6 céu trac tao
thanh tir khéi hai bat dién MnOs ndi véi nhau qua goc tao thanh cac ham 2x2 nhu Hinh
7, trong d6 ion kali nam & tdm cac duong ham .

1 Meas. data:zMnO2-KOH-pH4-400-4h ——
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Hinh 22: Gian d6 XRD ciia MnO2
b. Vit liéu 0.1Cu-MnO»

—— MnO2-KOH-pH4-400-4h
—0.1Cu-Mn02-400-4h-KOH-pH4
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Hinh 23: Gian d6 XRD ciia MnO2 va 0.1Cu-MnO?2
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Hinh 23 14 gian d6 XRD so sanh hai mau MnO2 va 0.1Cu-MnO2. Tét cc cac dinh cta
mau 0.1Cu-MnO2 ¢é vi tri twong ddng véi MnO2 va khong thay xuat hién cac dinh
khac. Piéu nay cho thdy Cu phan tan tét hodc tham gia vao mang tinh thé MnO:s.

——Mn0O2-KOH-pH4-400-4h

—0.1Cu-Mn0O2-400-4h-KOH-pH4

Intensity (cps)

36,8 37 37,2 37,4 37,6 37,8 38 38,2
2-Theta (deg)

Hinh 24: Gidn d6 XRD ciia MnO: va 0.1Cu-MnO> (phéng dai tir 36.8°-38.2°)
Khi phéng dai dinh nhiéu xa trong khoang 20 ~ 37.4°, ta théy co su dich chuyén nhe
dinh pic vé phia goc 20 thip. Theo cong thic Vulf-Bragg, khoang cach giira cac mit
mang tinh thé a-MnO, ting khi goc 20 giam. Diéu ndy cho thiy sy xdm nhap cua Cu
vao mang a-MnO:, gy bién dang mang luéi tinh thé.

c. Vat liéu 0.1Ni-MnO»

Meas. data:0.1Ni-MnO2-KOH-pH4-400-4h-8- ———
11-2025

Intensity (cps)
(98]
S
(=3
(=3
?

OMS-2, K0.09 Mn 02 -0.08 H2 O, 00-063-0101

| L L
nickel manganese(IV) oxide, Ni Mn 03, 01-075-2089

10 20 30 40 50 60 70
2-theta (deg)

Hinh 25 Gidn @6 XRD cuia 0.1Ni-MnO:
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Gian ¢6 XRD cua Hinh 25 cho thdy cac dinh nhidu xa tuong ng véi hai pha 0-MnO:
va NiMnO3 riéng biét.

d. Vat lidu 0.1Ni-0.1Cu-MnO;

Meas. data:0.1Ni-0.1Cu-MnO2-400-4h-KOH- ——

40000 pH4-25-11-2025
30000+
ot - . gy e

20000+

Intensity (cps)

10000+

(=]

Copper Manganese Oxide, Cu1.4 Mn1.6 04, 01-071-1145

1
nickel manganese(IV) oxide, Ni Mn 03, 01-075-2089

| L |
[
Akhtenskite, syn, Mn 02, 00-030-0820

10 20 30 40 50 60 70
2-theta (deg)

Hinh 26:Gidan do XRD ciia 0.1Ni-0.1Cu-MnO2

Gian d6 XRD cua mau Hinh 22 cho théy vat liéu c6 do két tinh thép v6i nén nhiéu xa
cao va cac dinh rong. MnO: 13 pha chu yéu, ton tai & trang thai akhtenskite (e-MnO2).
Ngoai ra thi con c6 pha NiMnOs & dinh 260 24.5°, 33.6°, 41.8° va 55.3°.

2. Bé mit riéng va phian bé mao quan ciia vt liéu MnO»

a) Bé mat riéng va phan bd mao quan cua vat liéu MnO,

—_— = = = DN
N B N 0 O
oS O O O O

100

A O ®©
(= el -]

Quantity Adsorbed (cm?/g STP)
[\
S

()

0 0,2 0,4 0,6 0,8 1 1,2
Relative Pressure (p/p°)

Hinh 27: Puong ddng nhiét hap phu - gidi hap nito ciia xiic tdc MnO:

Puong dang nhiét hip phu—khtr hap phu N2 cia mau MnO2 c6 vong tré thudc loai H3
theo phan loai ciia UIPAC Pay 1a vong tré dic trung cho 16 x6p dang khe, khong co
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hap phu gidi han & P/Po cao. Mau c6 dién tich bé mit riéng Sprrbang 48 m%/g va thé
tich mao quan Vpbang 0.26 cm?/g.

Pore Volume (cm?®/g-A)
0,0004

0,00035
0,0003
0,00025
0,0002

0,00015

Pore Volume (cm®/g-A)

0,0001
0,00005

0

0 50 100 150 200 250 300 350 400
Pore Width (&)

Hinh 28: Biéu do phdn bé 16 x6p cua xiic tdc MnO:

D) thi cho thay vat liéu chil yéu c6 16 mao quan trung binh (mesopores), v6i
dinh phan b 13 rét khoang ~200-250 A, dong gop 16n nhét vao thé tich 15 xbp.

+  Céic 16 nho (~40-60 A) c6 thé tich thip hon, cho thay cau trac 16 khong dong
déu nhung uu thé 12 mesopore kich thudc 16n.

b) So sanh mau MnO> véi cac mau xuc tac 0.1Cu-MnO2, 0.1Ni-MnO2

Quantity Adsorbed (cm®/g STP)

0 0,1 0,2 0,3 0,4 0,5 0,6 0,7 0,8 0,9 1
—@— 0.1Cu-Mn02-KOH pH=4 25NiR/88ive fregsure{BRROH pH=4 17Dec25-400
—@— 0.1Ni-Mn0O2-KOH pH=4 8nov25-400

Hinh 29: Duong dang nhiét hdp phu - gidi hdp nito cia xiic tac 0.1Ni-Mn02,0.1Cu-
MnO2, MnO;
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Khi c¢6 mit cua déng va nickel, hinh dang vong tré khong thay d6i dang ké. D6 thi phan
bb mao quan cho thiy cac mau déu c6 hé mao quan chu yéu trong ving mesopore (20—
500 A). Cac mau pha tap Cu va Ni c6 thé tich mao quan cao hon va phan b rong hon
s0 v6i MnO: nguyén chit, trong d6 mau Cu—MnO: xuét hién nhiéu mao quan nhé. Diéu
nay cho thiy pha tap kim loai gitp cai thién ciu tric mao quan, thuin loi cho qua trinh
hap phu va oxy héa VOCs.

0,002
0,0018 W
_0,0016
0,0014
0,0012
0,001
0,0008 j

0,0006

Pore Volume (cm®/g-A

0,0004
0,0002

0
0 100 200 300 400 500

Pore Width (A)

—0— 0.1Cu-Mn02-KOH pH=4 25Nov25-400
—8— 0.1Ni-MnO2-KOH pH=4 8nov25-400
—8— Mn0O2-KOH pH=4 17Dec25-400

Hinh 30: Biéu do phdan bé 16 xop ciia xiic tdc 0.1Cu-MnO2,0. INi-MnO2,MnO;

Vit liéu xtic tac SgeT (M?/g) Vp cm?®/g) Phan b6 mao quén (A)
MnO. 48 0.26 50-400
Ni-MnO> 62 0.36 50-420
Cu-MnO> 94 0.35 30-50

Bdng 6: Bé mdt riéng va phdn bé mao qudn ciia xic tac MnO>, 0.1Cu-MnO2, 0.1Ni-
MnO:;
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3. Hoat tinh xuc tac

3.1 Két qua oxy hoa hoan toan ethyl acetate

—8—MnO2-KOH-pH4-etac-19-12

120
S EtAc, air: 0.1 g
E 100 —@ ®
<
F
S )
<
=
=
E 60
m
5
o 40
Z
,(m
>
) 20
an
@)
<
A 0

130 150 170 190 210 230
NHIET DO (°C)

Hinh 31: Biéu do hiéu qua cia xiic tdc MnO2

D6 thi trén hinh 31 biéu dién do chuyén hoa ethyl acetate thu dugc theo nhi¢t do cua
xuc tac. PO thi cho thy,do chuyén hoa n ethyl acetate bang xuc tac MnO, ting dan tir
130 °C dén khoang 180 oC thi ethyl acetate da chuyén hoa hoan toan. Tai ddy toan bd
ethyl acetate dd chuyén hoa thanh CO». Chi ¢6 tin hiéu ctia CO; trén dau do TCD va
khong c¢6 peak nao khac trén dau do FID.

Déi véi cac xuc tac pha thém nickel va dong, ethyl acetate chuyén hoa & nhiét do cao
hon (Hinh 32). Cac gia tri d6 nhiét do Tio, Tso va Too duoc xac dinh tir cac dudng cong
trén hinh 32 va dugc trinh bay nhu bang 7. Céc gia tri Tio, Tso va Too cua cac xuc tac
pha thém Ni va dong déu thip hon nhiéu so véi MnO2. Diéu nay cho thiy hiéu qua cac
XUc tac nay giam.
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=>¢=0.1Ni-MnO2-KOH-pH4-etac-10-12 ——0.1Cu-MnO2-KOH-pH4-etac-11-12

—8—MnO2-KOH-pH4-etac-19-12 —9—0.1Ni-0.1Cu-MnO2-KOH-pH4-etac
- 120
z EtAc, air: 0.1 g
E 100
@)
<
53
FERRT
>~
E 20
@)
<8~

0
130 150 170 190 210
NHIET DO (°C)

Hinh 32: Biéu do hiéu qua cia xic tic MnO,, 0.1Ni-MnO2, 0.1Cu-MnO5, 0. 1Ni-

0.1Cu-MnO2
Vit liéu xic tac T10% (°C) Ts0% (°C) Too% (°C)
MnO» 142 163 178
0.1Ni-MnO> 150 174 190
0.1Cu-MnO> 155 175 183
0.1Ni-0.1Cu-MnO; 153 173 191

Bang 7: Hiéu qua cua xuc tac MnO2, 0.INi-MnO2, 0.1Cu-MnO2, 0.1Ni-0.1Cu-MnO2

Tir bang 6 Két qua thi nghiém cho thiy miu MnO: thé hién hoat tinh oxi hoa ethyl
acetate cao v&i nhiét do chuyén hoa hoan toan thép nhét. Viée pha tap Ni va Cu hodc
Ni-Cu ky vong dat hiéu qua cao hon. Nhung tir biéu d6 cho thay viéc pha tap Ni va Cu
hodc Ni-Cu khong cai thién 1o rét va tham chi con giam hoat tinh & ving nhi¢t do thép.

GVHD:PGS TS. Nguyén Binh Minh Tuin 45 SVTH: Huynh Ngoc Huy



3.2. Két qua oxy hoa hoan toan toluene

——-MnO2-400-4h-KOH-pH4-Toluene-16-1

100

toluene , air 0.1 g

PQ CHUYEN HOA TOLUENE THANH CO2 (%)

140 160 180 200 220 240 260 280 300
NHIET PO (°C)

Hinh 33: Biéu do hiéu qua cia xiic tdc MnO2

Ttr biéu d6 hinh 30 ta thdy: oxy hoa hoan toan toluene ciing twong ty oxy héa hoan toan
ethyl acetate so v6i mau MnO2, O nhiét do thép 140-180 @6 thi hiéu suat oxy hda con
thép chirng t6 hoat tinh xtc tic MnO2 chua 10 rét. Khi tang nhiét d§ 1€n 180-220 4o
chuyén hoa tdng dan cho théy cac tam hoat dong bt dau dugc kich hoat. Dic biét, trong
khoang 220-240 d6 thi do chuyén hoa ting dot ngodt 1én trén 90%, thé hién kha nang
oxy hoéa hoan toan toluene cua xuc tac. O nhiét d6 cao hon 240-300 d9 thi hiéu suét duy
tri 6n dinh quanh 90-95% chig t6 xtc tic MnO2 c¢6 hoat tinh cao trong phan trng oxy
hoa toluene.
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—0—0.1Cu-Mn0O2-400-4h-KOH-pH4 ——MnO02-400-4h-KOH-pH4-Toluene-16-1

100

toluene , air 0.1 g
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140 160 180 200 220 240 260 280 300
NHIET PO (°C)

Hinh 34: Biéu doé hiéu qua ciia xic tic MnO2, 0.1Cu-Mn0O2, 0.1Ni-0.2Cu-MnO2

Vit liéu xuc tac T10% (°C) Ts0% (°C) To0% (°C)
MnO» 140 225 233
0.1Cu-MnO» 181 255 280

Bang 8: Hiéu qua cua xuc tac MnO2,0.1Cu-MnO2

Hinh 31 va Bang 7 cho thay: Hiéu qua oxy hoa hoan toan Toluene thanh CO2 ciia xtic
tac MnO2, 0.1Ni-MnO2 phu thudc vao nhiét d§. Khi nhi¢t do tang cao trén 230 do thi
ca hai xuc tac déu cho thiy ting manh va MnO2 cho thay c6 hoat tinh oxy hoa tt nhat
O nhiét do cao.
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KET LUAN
Trong qua trinh 1am d6 4n tot nghiép nay, em da tap trung nghién ciru va thyc hién dé
tai “Tong hop va xac dinh hiéu qua caa vat liéu xic tic MnO2 pha Cu va Ni cho
phén &ng oxi héa hoan toan Toluene va Ethyl acetate” véi muyc tiéu tong hop, dic
trung va danh gia hoat tinh ctia vat liéu xuc tac. Cac ndi dung nghién ctru chinh da dugc
trién khai mot cach cé hé théng va dat dugc nhiing két qua nhét dinh.

e Tong hop thanh cong cac xuc tac bang phuong phap nho giot.

e Panh gia duoc tinh chét dic trung bang phuong phap hoa 1y dic trung cia mau
bang nhiéu xa tia X (XRD), BET.

e Danh gid duoc hoat tinh xtc tac cua vat liéu xuc tac cho phan tng oxi hoa hoan
toan Ethyl acetate va Toluene thanh CO2 va H20.
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