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Abstract: This paper investigates the hydrogenation of carbon monoxide (CO) over Co2Cu;
bimetallic catalyst supported on MgO (200) using a combination of density functional theory (DFT)
and a climbing image nudged elastic band (CI-NEB) module. In the study, a reaction mechanism
for the formation of methane, methanol and ethanol was proposed. The proposed mechanism
consisted of 28 reaction steps (per surface type) and three different reaction positions were included.
Reaction energy and activation energy for the overall steps involved in the reaction process were
calculated and analyzed. The results show that the CoCu mixed sites reduced the activation energy
of the CO insertion process into CHs, resulting in the formation of products with a larger number of
carbon atoms.
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Nghién ctu Ii thuyét phan tng hydrogen héa CO trén hé xiic
tac ludng kim loai Co,Cu, trén chat mang MgO(200)
bang phuong phap phiém ham mat do
Phan 2: Co ché phan tng
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Tém tit: Phan img hydrogen hoa carbon monoxide (CO) trén hé xiic tic ludng kim loai Co2Cus
mang trén chat mang MgO (200) da dugc nghién ciru bang t6 hop cac phuong phap: phuong phap
phiém ham mat do (DFT) va ki thut dai dan hoi (CI-NEB). Cac dudng phan tmg hinh thanh cac san
phim methane, methanol va ethanol di dwoc dé xudt. Cac gia tri nang lwong phan Gmg, ning luong
hoat hoa cho timg phan tmg da dugc tinh toan va phan tich. Co ché hydrogen hoa CO dé xuit bao
gdm 28 giai doan, duoc tinh toan trén 3 vi tri tim xuc tac khac nhau (Co, Cu va CoCu). Két qua cho
thiy, tai vi tri tAm xuc tac ludng kim loai CoCu, ning luong hoat hoa clia qua trinh chén CO vio
gbc CH3 giam di dang ké, dan ti sy tao thanh cac san pham ancol mach cao.

Tirkhoa: Syngas, ethanol, methanol, xiic tac ludng kim loai Co,Cuy, DFT, CI-NEB co ché phan &ing

1. Mé dau

Véi nhu cau vé nhién liéu ngay cang cao cua
con ngudi, trong khi diu mo, khi dét 1a mot
nguon nhién liéu quan trong nhung khong thé tai
sinh, diéu nay dit ra cho cac nha khoa hoc cau
hoi di tim ngudn nhién liéu b sung/thay thé cho
dau ma, khi d6t. Mot hudng nghién ctru cua céc
nha khoa hoc hién nay 1a tong hop cac ancol cao
(higher alcohols synthesis - HAS) la nhitng ancol
¢6 hon 2 carbon, céac ancol cao dugc tng dung
rong rai trong nhiéu linh vuc hda hoc, dugce pham
va nang lugng. Tong hop truc tiép ancol mach
cao bang chuyén hda xuc tac syngas (CO + Hy)
dugc coi 1a mot hudng di kinh té, hiéu qua va
than thién véi moi trudng, chuyén héa nay cé
nhiéu wu diém vi qua trinh c6 thé s dung ca
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ngudn carbon téi tao va khong tai tao [1-3]. Tuy
thudc vao diéu kién tién hanh va xdc tac sir dung
ma co ché cua phan tng s& khac nhau va san
pham bao gom ancol tir C1 dén Cs, mach thang
va mach nhanh. Van d 16n nhit cua tong hop
ancol mach cao tir syngas la hiéu suat chuyen
hoa thap va do chon loc san pham mong mudn
chua cao. Viéc nghién cuu, thiét ké cac hé xtc
tac hiéu qua van dang duoc xay dyung dé tim ra
hé x(c tac vai hiéu suat cao va chon loc san pham
theo huéng mong muén.

Mot trong s6 cac nhém xuc téc cho téng hop
ancol cao la cac hé xuc tac bién tinh dya trén xtc
tac cho qud trinh Fischer-Tropsch (FT) trén co
s& Cu-Co, véi hé xdc tac nay, cac ancol mach
thang céc sé 1a san pham chinh. Bién tinh hé xdc
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tac FT bai Ni, Fe, hoac Co lam tang d6 chon loc
cua ancol cao [4]. Hoat tinh cua xic tdc phu
thugc rat nhiéu vao phuong phap tong hop, vi no
lién quan tai su phan tan caa pha hoat dong la Cu
va tuong tac cua Cu Vi chat trg xdc tac Fe (N,
Co) va tir d6 quyét dinh dén ham luong ciing nhu
tinh chét cia ancol thu dugc [5]. Theo [6], thi khi
sir dung ludng kim loai 1am chat xdc tac thi sy
6 mat cua nhing vi tri giao dién ludng kim loai
1 mot trong nhitng yéu t 1am giam nang luong
hoat hoa cua qua trinh chén CO dé lam ting
mach carbon, tao cac ancol mach dai hon.

Tuy nhién, hop phan xtc tac sir dung cho qua
trinh chuyén hoéa syngas thanh ancol khéng chi
chta thuan tay kim loai hoat dong ma cac kim
loai ndy phai dugc phan tan trén cac dang chat
mang khéac nhau. Cac chat mang dién hinh nhu
carbon hoat tinh, cac oxit: nhom, zirconium... da
duogc dung lam chat mang trong tong hop ancol
cao [7,8].

Céc nghién ciru ciing da chi ra rang, hé xuc
tac ludng kim loai nhu Cu-Co ciing cho hoat tinh
tt; & 200°C san pham khdng chi 1a methanol ma
con c6 ethanol véi ham lugng cao hon; khi tang
nhiét d6 1én 250°C va 300°C con c6 isopropanol
va nhiéu san pham khac. Mic du c6 rat nhiéu cac
nghién ctu thuc nghiém da duoc tién hanh,
nhung vin d& co ché phan tng, twong tic giita
cac tam x(c tac voi chat mang, tuong tac giira
cac tdm xuc tac trong cac hé xic tac ludng Kim
loai va dic biét 1a sy hinh thanh céc san pham
phu van 12 mot vin d& chwa thuc su rd rang.

Trong nghién ctru nay, ching toi stir dung cac
phuong phap tinh toan luong tir dé nghién ctu
phan tng hydro héa CO trén hé xuc tac Co,Cu;
trén chat mang MgO Véi su tao thanh san pham
ethanol, xay dung cac duong phan tng va phéan
tich, danh gia sy tao thanh céc san pham trung
gian cd thé co.

2. Phwong phap tinh toan

Trong phan 1 caa nghién ciru nay [9], chung
t6i da trinh bay céac két qua nghién ctru: CAu tric
cua cluster CoCu; va cua hé xic tac
C02Cu/MgO cho trinh hap phu CO va H..
Cluster Co,Cu, di dugc dua 1én chit mang la

MgO(200) cua tinh thé MgO. Cac hé tinh toan
duoc dat trong hop mé phong kich thude 25 x 25
x 25 A. MgO(200) duoc lya chon do day la mat
dic trung va bén nhét cua tinh thé MgO. M@ hinh
MgO duoc xay dung bao gom 2 16p, chira 36
phan tir MgO. Cau trdc Ni,Cu/MgO bén nhét da
duoc xac dinh (Hinh 1).
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Hinh 1. Cau tric hé Co,Cu,/MgO.

Két qua nghién ctiu cho thay, qua trinh hap
phu CO va H; trén Co,Cu/MgO déu c6 ning
lwong hap phu rat am va khong di qua trang thai
chuyén tiép, nén dé so sanh kha nang hap phu wu
tien khi hip phy dong thoi CO va H. trén
Co2Cu2/MgO, ¢b thé sir dung ning luong hap
phu (Eaos). Két qua nghién ctru dé chi ra hai cau
tric hap phu wu tién caa CO va H; trén hé xuc
tac Co,Cuz/MgO (Hinh 2), véi ning luong hap
phu ciia CO 4m hon so vé6i hip phu Ha, do do,
khi CO va H, hip phu dong thoi trén
C02Cu2/MgO thi CO s& wu tién hap phu trudc sau
d6 H, méi hap phu phén li dé xay ra cac phan
{rng hda hoc tiép theo.

©1.172

Hinh 2. Cau trc hap phu CO (a) va Ha (b) trén
Co0,Cu2/MgO.
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Tiép theo phan 1, bai b4o nay tap trung vao
nghién ctru cac duong phan tng hydro héa CO
trén hé xdc tac Co,Cu/MgO. Co ché phan ing
hydro héa CO trén xuc tac di thé néi riéng va
ludng kim loai n6i chung la mot co ché phurc tap,
bao gom nhiéu giai doan, cong trinh nay mong
mudn gdp phan lam sang to thém co ché cua
phan ang.

Tat ca cac tinh toan thyuc hién theo phurong
phap phiém ham mat d6 (DFT) trong sy gan
dung gradient suy rong (GGA), phiém ham
tuong quan trao d6i PBE [10] sir dung bo ham co
s DZP, thé gia bao toan chuan Kleinman-
Bylander [11] dang Troullier-Martins véi
ngudng cit ham séng tuong duong song phang
2040.75eV. Vung Brillouin-zone dugc ldy mau
tai diém I'. Phuong phap DFT duoc sir dung dé
t6i wu héa hinh hoc (st dung thuat toan Quasi
Newton v&i tiéu chuan hoi tu vé luc 1a 0,05
eV/A). Cac tinh toan duoc tich hop trong phan
mém ma nguon mé SIESTA [12].

Céc trang thai chuyén tiép dugc xac dinh
bang ki thuat Climbing Image Nudge Elastic
Band (CI-NEB) [13]. Trong phuong phap CIB-
NEB, khi di tir trang thai dau dén trang thai cudi,
s6 cAu trdc (sb diém anh) duoc tinh dén 14 5. Céc
cAu trac duoc tdi wu vai tieu chuan hoi tu vé luc
120,1eV/A.

Céc gia tri bién thién ning luong (AE) va
nang lugng hoat hoa (E.) cua ting giai doan phan
ung dugc tinh theo cdng thuc:

AE = E(F)- E(I) Q)

Ea=E(TS) - E(I) (2

Trong do, E(I), E(F) va E(TS) tuong tng la
nang luong cua cac cu trdc chat tham gia

(Initial), chat san pham (Final product) va trang
thai chuyén tiép (Transition State).

Sy thay doi cac thdng sb cau trlc cua cac
chat (do dai lien két, goc lien két, mat do
electron,... ), su thay d6i bac lién két ciing duoc
phan tich dé lam rd duong phan ung. Bac lién két
trong nghién ctru nay duoc tinh theo phuong
phap Mayer, c¢6 wu diém la it phu thugc vao bo
ham co s&, va c6 tinh twong ddng giira cac hé, c6
thé dung dé so sanh d6 bén cua céc lién két trong
cac hé twong duong.

3. Két qua va thao luin

Tuong tu nhu hé xUc tac Ni.Cux/MgO [14],
hé xuc tac Co,Cu,/MgO cac giai doan hoat hda,
chuyén hoa CO sé& duoc tinh tai 03 vi trf tng véi
cac tdm xdc tac khéac nhau: i) trén tdm Co; ii) trén
tdm Cu va iii) trén vi tri gitra Co va Cu (Co-Cu)
(Hinh 1).

Céc két qua tinh toan bién thién niang luong
(AE) va nang lugng hoat héa (Ea) cho cac phan
ung tao thanh methan, methanol, ethanol va cac
san pham trung gian khac tir CO va H, duoc trinh
bay trong Bang 1. Trong nghién ciu nay ching
tbi chi tap trung vao nghién ctu cic hudng
chuyén héa kha quan.

Bang 1. Bién thién ning lugng (AE, kJ/mol), nang luong hoat hoa (E,, kd/mol)
cua cac phan tng chuyén héa CO trén cac tdm xuc tac Co, Cu va Co-Cu

Phan g Co CoCu Cu
Ea AE Ea AE Ea

R1 | CO(g)+*—CO* -231,2 -214,3 -180,9
R2 | CO*—C*+ O* 216,2 | 333,7
R3 | CO*+H*—CHO*+* 78,8 48,0
R4 | CHO*+H*—CH,0*+* 49,8 -0,1
R5 | CH,O*+H*—CH30*+* 120,1 | 42,4
R6 | CH3;O*+H*—CH30H*+* 102,9 | 157,3 140,8 | 101,4
R7 | CH;OH*—CH3;0H(g)+* 107,6 | 78,1 96,7 | 157,3
R8 | CHO*—CH*+O* -6,2 | 296,8
R9 | CH,O*—CHy*+ O * -30,0 | 178,3
R10 | CH3;0*—CH3*+0O* -132,9 | 100,0
R11 | CO*+H*—>COH*+* 210,1 | 266,2
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R12 | CHO*+H*—>CHOH*+* 114,8 | 128,3
R13 | CH,O*+H*—CH,OH*+* 155,0 | 167,0
R14 | CH,0*—HCHO(g) +* 221,7 | 1956
R15 | CHa*+ H* >CH4(g)+2* 38,5 | 1168
R16 | CHs*+ CO*—CH3CO* 1245 | 83,5
R17 | CH;CO*+H*—CH3CHO*+* 12,1 | 100,1
R18 | CHsCHO*—CH;CHO(g) +* 2351 | 212,3
R19 | CH;CHO*+H*— CH3CH,O*+* -1,1 85,2
R20 | CH3CH,O*+H*—CH3CH,OH*+* | 133,7 | 274,3 30,0 88,9
R21 | CH3CH,OH*— CH3CH,OH(g)+* 96,4 | 49,6 67,3 | 107,3
R22 | CH;CO*+H*—CH3COH*+* 90,1 | 105,3
R23 | CH;COH*+H*—»CH3CHOH*+* -31,6 | 123,6
R24 | CH;CHO*+H*—»CH3CHOH*+* 51,7 | 124,8
R25 | CH;CHOH*+H*—CH3CH,OH*+* 100,4 | 169,4
R26 | Ha(g)+*—2H*(Hz®) 1677 -1578
R27 | O*+H*—OH* +* -126,2 | 58,3
R28 | OH* +H*-H,0(g) +* 113,9 | 91,3
Ghi chti: Ki higu * diing dé chi cdu tir bj hdp phu trén hé xic tac
Theo [6,14], phan tng hydro hda CO c6 thé il —
dugc bit dau bai qua trinh phan li truc tiép CO 05 — o
thanh C* + O" hoac hydro héa phan li CO thanh z —E
CHO", COH" (Hinh 3). 04 17
0,3
£ . H x
 Ea=3337 co Faazo . CHO o
AE=216,2 AE=114,8 o1
Ea=266,2 '
l AE=210,1
% 15 -10 -5 0 5 10
COH
i ) Hinh 4. DOS cua spina hai nguyén to H”.
Hinh 3. So do chuyén héa CO* thanh C, CHO va COH.
14 + .
V& miat dong hoc, phan ung hydro héa CO g C2s
thanh CHO™ (R3) 1a dé& xay ra nhat do bién thién T g Capy
nang lugng phan tmg va nang luong hoat thap 1] é ope

hon nhiéu so véi 2 qua trinh con lai (Hinh 3). Két
qua phd tinh todn ham mat do trang thai (DOS)
cua 2 nguyén tir H* (Hinh 4), cho thiy phan 16p
1s ctia nguyén tir H & mixc HOMO chiém wu thé
hon mic LUMO. Do d6, c¢6 thé du doan rang,
khi tham gia phan ung hda hoc Ha thé hién tinh
nucleophin hon so véi electrophin. i vai DOS
cua C va O trong CO*Co,Cu2/MgO (Hinh 5, 6)
cho théy kha ning nhan electron cua C cao hon,
chinh vi vay khi hydro héa CO", nguyen to Huu
tién tan cong vao nguyén tir C, vi vy co thé coi
R3 1a phan ing khai nguén cho céac phan Gng tiép
theo.

08 +

06

04 |t

0 5 10

Hinh 5. DOS cua spina. phan 16p 2s, 2p cua nguyén
tir C trong CO"Co,Cu2/MgO.
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Hinh 6. DOS cua spina. phan 16p 2s, 2p cta nguyén
tir O trong CO*C0,Cu,/MgO.
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Theo [6], phan @ng hydro hoa cé thé bat dau
tai cac 3 vi tri Co, Cu va Co-Cu, tuy nhién vai
C4u tao cua x(c tac trong nghién ctiu nay, ching
t6i nhan thay cac phan (g chuyén hoa cha yéu
xay ra dong thoi trén hai tm xic tac Co-Cu.
Diéu nay thé hién qua két qua tinh toan E, va AE
cuia cac giai doan phan ung trong co ché dé xuat
(Bang 1). Chi c6 rét it cac giai doan xay ra trén
cac tdm Cu hoac Co (R6, R7, R17, R18, R20,
R21, R22, R26). Trong khi d6, hau hét cac giai
doan sé xay ra trén vi tri Co-Cu, c6 nghia la, gia
st dat cAu hinh hé ban dau trén 1 tam Co hoac
Cu, ciing chi thu dugc 1 cAu hinh san pham cubi
nam & vi tri gitra Co-Cu. Trong Bang 1, diéu nay
thé hién & mot s giai doan khdng c6 cac gia tri
Ea va AE trén cac vi tri Cu hay Co.

0,0 —— CO(g)+2H,(g)
i C
i 423 =
\
-50 ! ,(R’_8)“ {\o
4 | \ 20
| \ S
|| ] \ o]
2100 1 ! \ O
| C ! \ 75
! \ +
T o 143.6! X
'. 1517 F ! CHe L
A0y o ' AN ) -160,9 -3,686
i wmo T FV 22 2 e B
T o2 VRIS O 4 \ 1 RN E
P H \ O ! 5 V! TRa5./4197.0 . v 5
-200 |~ Lt ! O 1.210,8 V1 % =\ 2050 m 1 v O
[ | ! 5 V21901 + 1(R10), Vo o I \OE
S ! 2078 IR A RON o o
E | w Y o l'l"(?n)‘ T v O 2,126
g s P i 20 [T A T 2382
o | | I CINTTE- S R S S
= ! ! + o O 1 L R R \ =
N H ' i 11.289.3 = N E , \ 0
" i 1 o L \ \ N
2 300 |- ! ! + /(R4 B TR A > v \ \ es)
g ! ! o N Qo 2970 Voo
& I| ) ll % Y/ - :'//\ o ’ ‘\ “ 9
o) SR vV O 7 W T
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DL 1369,9/ , SRS
I v +-369,2
Vg R DA
* \
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— \| I‘
-417,9 5
450 - -429.9

Hinh 7. Cac duong phan tng chuyén héa CO trén cac tam xuc tdc Co-Cu cua hé Co,Cu/MgO
tao thanh HCHO, CH3;OH, CH3".

O giai doan tiép theo CHO" ¢6 thé c6 3
huéng chuyén héa (Hinh 7): Huéng tha nhat
(R8), phan ly CHO" thanh CH" va O", huéng nay
kho xay ra vi c6 nang luong hoat hoa lén nhat
(Ea = 296,8 kJ molt). Huéng th hai (R12),

hydro héa thanh CHOH", kém wu tién vi c6 Ea=
128,3 kJ mol* 16n hon huéng thir ba. Huéng thi
ba (R4), hydro héa thanh CH,O", uu tién nhat vi
¢6 nang luong hoat hda nhé nhét (Ea = 49,8 kJ
mol?).
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Ttr CH20" ¢6 4 huéng chuyén héa (Hinh 7):
Huéng the nhat (R14), giai hap phu thanh
HCHO, E. = 195,6 ki mol*, AE = 221,7 kJ mol
L. Huéng thua hai (R13), hydro héa thanh
CH,OH", E, = 167,0 kJ mol*; Huéng thir ba
(R9), phan li thanh CH2* va O", E, = 178,3 ki
mol? va huéng tha 4 (R5), hydro hda thanh
CH30", Ea=120,1 kJ mol. Vi E, thap hon han,
o rang huong thu tu (RS) duoc vu tién hon.

Tir CH30" ¢6 2 huéng chuyén héa (Hinh 7):
Huéng thir nhat (R6), hydro héa thanh CHsOH",

31

E. = 92,0 kJ mol? va AE = 58,8 kJ mol*; Hudng
tha hai (R10), phan Ii thanh CHs" va O, Es =
100,0 kJ mol?! va AE = -132,9 kJ mol?; Hai
huéng nay c6 E, gan bang nhau nén ca hai huéng
nay déu co thé xay ra, phan tng R6 ¢ E, thap
hon, tuy nhién phan ung R10 lai c6 AE am hon
han nén phan @ng R10 c¢6 phan wu tién hon. Phan
g tiép theo cua R6 1a R7, giai hap phu thanh
CH30OH, E, = 78,1 kJ mol* va AE = -107,6 kJ
mol* khong I6n, vi vay con dudng nay kha thuan
lgi dé tao thanh CH;OH.

350 L] _
CH3CHO(2)+H(g) / R2DYgon, g
— / Son
307.9/330.7 07, 3u4 S—__31500
3001~ (R18) 297,2 I(R25) 5 f@hs\, Z | 306,1
1 a7\ ) \ 2, 1 (B25) o ! @)
! R23)N | AR —2873 %
I N Ve v Q) / ©
250+ i ’ v \ E / %‘\ | 2405/
\ ~ 5
F oM 2T RS
P 12204 F = 0, 24247 (R2D)
R22)1 5 /= AN + Gy ’
T 200F 1836 18881 © /RO T LN g
g B e e BN B R < A N 1)
= & RIT) 2o SR % B O '
. e AT RV EX VE I T !
z 150 R16) < v wO 4 o\ T ) 144l
g C 45 F LN E0 47 W35 20 w0
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Hinh 8. Cac duong phan ng chuyén hda CHs" trén cac tdm x(c tac Co-Cu cua hé Co,Cu/MgO
tao thanh CH4, CH3CHO, CH3CH,OH.

Song song vai su tao thanh CH3OH 1a sy tao
thanh CH3", CHz* ¢6 kha ning tham gia vao hai
phan tmg dé tao thanh CH, va CH3CO* (Hinh 8):
CHs* + H* — CHy + 2* (R15, Ea = 116,8 kJ
mol?; AE = 38,5 kJ mol?) va CHz* + CO* —
CH;CO* (R16, AE = E, = 124,5 kJ mol*; 83,5 kJ
mol™). Véi E, khong 16n va sy chénh léch Ea nho
(7,7 kJ mol?), hai phan tng nay duoc danh gia
la hoan toan c6 kha ning xay ra. Nhu vy, dén
giai doan ndy, ngoai sy hinh thanh CH, sé tiép
tuc ¢ sy chuyén héa CHs;CO* thanh céc san
pham khéc.

14 - _
> —C0=2)
1,2 4 g —0O(n=2)
7 —Er
o}
o
E V) mm
20  -15 -10 -5 0 5 10

Hinh 9. DOS cua spino. 16p n = 2 cta nguyén tir C va
O trong nhém CO ctia CH3CO*Co,Cu,/MgO.
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Tir CH3CO” ¢6 thé c6 2 hudng chuyén hoa:
i) hydro hoa thanh CH3COH", Ea= 105,3 kJ mol-
' (R22); ii) hydro hoa thanh CH3;CHO", E. =
101,1 kJ mol™* (R17). Hai huéng nay c6 E. gan
bang nhau, trén phd DOS cua spina 16p n = 2 cua
nguyén tr C va O trong nhdm CO cua
CH3CO*"C0,Cuz/MgO (hinh 9) ciing cho thiy
kha nang cong H vao nguyén tir C va O la gan
nhu nhau, trong d6 cong vao nguyén ti C hoi uu
tién hon so v6i truong hop cong vao nguyén ti O.

Ddi voi huéng chuyen hoéa i), & hudng nay
tiép tuc xay ra cac chuyén hoa: R23 (CHsCOH*
+ H* — CH3CHOH* + *, AE = -31,6 kJ mol?,
E.= 123,6 kJ mol?); R25 (CH;CHOH* + H* —
CH3CH,OH* + *, AE = 100,4 kJ mol?, E, =
169,4 kI mol?) va R21 (CHs;CH.OH* —
CH3CH,OH(g) + *, AE = 67,3 ki mol?, E. =
107,3 kJ mol™). O huéng nay cac E, déu khéng
qué 16n, chang to cac phan tng chuyén héa c6
thé xay ra, tuy nhién, néu so véi huéng ii) thi E,
& hudng i) déu cao hon, nén huéng ii) duge wu
tién hon.

Ddi v6i huéng chuyén héa ii), tir CHsCHO”
¢6 thé tham gia vao 3 huéng chuyén hoa: Hudng

CO(g) —>CO 2 CH0f e S
R3, R4, R5 R10 Rl16
Hy(g) —» 2H" HYR6  HY|RIS
R26 CH;0H*  CHy(g)
}i7
CH;0H(g)

the nhat (iir): R18, giai hip phu thanh
CH3CHO(g), AE = 235,1 kJ mol*, Ea=212,3 kJ
mol; O huéng ndy Ea, AE déu lén, ching to
phan g khé xay ra. Huéng thir hai (i) tiép tuc
cac chuyén hoa: R24 (CHsCHO* + H* —
CH3;CHOH* + *, AE = 51,7 kJ mol™, E.= 124,8
kJ mol?), R25 va R21; O hudéng nay céac E. déu
khong qua Ién, ching té cac phan ung chuyén
hoa c6 thé xay ra, tuy nhién, néu so véi hudng iis
thi E. ¢ hudng ii» déu cao hon, nén huéng iis
dugc uu tién hon. Hudng thir ba (iis) xay ra cac
chuyén héa: R19 (CHsCHO* + H* —
CH3CH0* +*, AE = -1,1 kJ mol*, E,= 85,2 kJ
mol?), R20 (CHsCH,O* + H* — CH3CH,OH*
+* AE = 88,9 ki mol?, E,= 30,0 k mol?), R21
(CHsCH,OH* — CH3CHOH(g) + *, AE = 96,4
kJ mol?, Ea = 49,6 kJ mol?). Céc phan ung &
huéng iis déu c6 AE, Ea nho, cho thiy day la
duong phan tng thuan loi cho viéc hinh thanh
C2HsOH.

Dua trén cac két qua tinh toan, ching toi dé
Xuat dudng phan @ng thuan loi cho qua trinh tao
thanh C;HsOH tir CO nhu sau:

*

H 2H

CH,CO" e CH;CHO* <= CH,CH,OH(g)

R19, R20, R21

Hinh 10. Buong phan tng dé xuat wu tién tao thanh ethanol tir hdn hop syngas trén hé x(c tac Ni,Cuz/MgO.

Theo duong phan @ng nay, dé hinh thanh
ethanol s€ di qua giai doan tao thanh CH;O* ma
san pham nay c6 kha ning chuyén hoa thanh
methanol (R6, R7), hodc phan li thanh CH3", tir
CHs" ¢6 thé chuyén héa thanh methan (R15)
hozc phan wng véi CO™ roi chuyén héa tiép thanh
ethanol. Do d6, san pham methanol va methan s&
c6 thé xuat hién trong hdn hop san pham cuing
vai ethanol.

4. Két luan

Béng phuong phap DFT va ki thuat CI-NEB
da nghién ctru tinh toan cac thong so6: nang luong

hoat h6a va bién thién nang lugng phan ¢ng cua
35 budc phan ¢ng trung gian trong mot co ché
dé xuét tong hop ethanol tir hdn hop khi CO va
H. trén hé xtc tac Co,Cu/MgO. Két qua nghién
ctru cho thay, twong tu hé xtc tac Ni.Cu/MgO
hé xuc tac Co,Cu/MgO c6 kha nang xuc tac tao
thanh ethanol hiéu qua. Su hiéu qua nay la do su
c6 mat cua vi tri giao dién ludng kim loai Co-Cu
lam giam nang lugng hoat hda cua phan tng
chén CO" vao CHs", day la giai doan rat quan
trong trong viéc hinh thanh cac san pham c6 sb
nguyén tir carbon Ié6n hon mot. Mac du, trong
nghién ctru con chua tinh toi qua trinh khuéch
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tan cac san pham trung gian, tuy nhién, cac két
qua thu duoc cung cap nhing thong tin hitu ich
dé thiét ké céc hé xuc tac hiéu qua cho tong hop
ethanol va ancol mach cao tir hdn hop syngas CO
va Ho,.
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