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SUMMARY

Among NiOIALO  sample 37.7% NIOFALO | calalvsty has been indicated to be the most active
for CO methanation. The catalyst 37 7% NiO/y-ALO ., promoted by CaO with contents 5- 23%
fuve been obtained and  stwdied. Physico-chemical  characteristics of the caralvsts were
determined by methods of BET Adsorption, XRD, TPR and Hydrogen Pulse Titranion. The activity
of the obtained samples were Investigated in the reuction of CO methanation at the femperatures
of 180 - 2200C and mole rarios H/CO = 25 - 100, [t hay been found that the optimal comtent of
CuQ for 37.7% NiQ/ALO, sample (s 10.2%. The activity of this catalvst is higher than 37.7%
NIOQIALO . and 7.5% NIOGHTIO: samples overagely by [l and 30.5 tines, respecrively. It can

completely convert CO o methane at 180°C.

1- MO DAU

Niken thudng dugce st dung lam pha hoat
déng cho xic 1dac metan hoa cacbon monoxit.
Tuy nhién (rén xac tac niken cacbon dé kHing
dong vi xdc¢ tic dé  bi thicu két [1] dan dén
giam hoat tinh va pay tdc 6ng phan ng, vi vay
trong thuyc (& N1O thudng duge mung trén cic
chat mang khic nhau. ‘frong nghién céu trude
day [2] chang té1 da xidc dinh ham lugng 61 uu
ciha NiO (rong xic tdc mang tren TiO, va y-
ALO; twong ung la 7.5% va 37.7% khai luong.

Cic nghitn ctu cho thay kim loai quy 6 tic
dung kim ham su tao thanh cacbon, tuy nhién vi
ty do kinh 1¢ nén cdc chat phu gia khac ¢6 kha
nang han ché sy tao cachon duge quan 1am
nghién ctu. Phuy gia thuong dung 1a cdc oxit kim
loai kiém hay kim loai kiém thé. Tuy nhién, cic
cong trinh nghién cdu vé phu gia nay cdn it va
chit yeu cho phan (ng reforminh metan [3 - 5].
Horiochu 6] thay rang phu gia kim loai kiém
trén x0¢ tiac niken ¢o tic dung Kim him tao
thanh cacbon, Zhang va Verykios [7] nhan thay

CaO lam tang do oOn dinh cla xde lac
NI1O/ALO.. Cac tac gia déu thady c6 moi quan he
giifa chil phu gia v do 6n dinh cua heart do xiic
tdc va luong cacbon tao thanh trong phan dng
reforming CH, bang CO,. [uang [8] cho thay
canxi lam tang hoat do metan héa CO clia xic
tic NiO/ALO,.

Muc dich cua cong trinh nay [d nghién ciu
anh huéng cua CaO dén hoat do coa xic tac
NiQO/ALG, cho phan iing methan héa CO, tr do
xdc dinh thanh phin t0i vu cua xic tic.

1l - THUC NGHIEM

Trong nghién ciu da didu ché cac xdc tic
hén hop oxit NiO+CaOfy-ALQO; bang phuong
phip tim doéng thdi dung dich mudi
NI(NO;),.6H,0 va Ca{l1COO0),.2H,O  trong
nude 1én v-AlLO, theo qui trinh nhu trong cdc tai
licu [2. 5], Xdce tdc sau ki sdy duoc nung &
600°C rong vong 4 h. Trude khi uén hanh phin
tng xdc tic duge khit & nhiét dé khic nhau
Ham lugng NiO wong xdc tdc git ¢6 dinh 1
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37,7% (ham lugng 161 vy [2]), cOon hadm luong
CaQ thay doi tr 0% dén 25% khoi lugng.

Dién tich bé mat riéng, thé tich 16 x0p tong,
chuan do xung, khir chuong trinh nhiét do
(TPR) duwgc nghién cuu trén  may
CHEMBIET3000, nhiéu xa tia X (XRD) trén
may Shimazu X-Ray Dilfractometer XD-5 AL
Céc mau duge xir 1¥ va do theo Lai licu [2].

Hoal do xiic tic duoe khio sdt trong so do
dong vi lugng, nhiét do phan tng 180"C. 200°C,
220°C, w6c d¢ dong khi 18 I/h, ty 1& mol H; : CO

=25 + 100. Hon hop phan tng duge phan tich
bang mdy sic ky Agilent Technologies 6890
Plus', trong diéu kién twong tu nhu trong tai licu
[2].

I - KETQUA VA THAO LUAN

1. Tinh chit hoéa ly cha cac hé xic tac

Thanh phan xic tic va dign tich bé mat
riéng (Sper, m°/g) cla chal mang va cdc hé xdc
tac duge trinh bay trong bang 1.

Bdng 1: Thanh phan va ky hiéu cdc xdc tdc NiO+CaO/fy-ALQ, duge diéu ché va dién tich bé mat
riéng cla ching (Sye, m/g) (ham luong NiO trong xic idc gid ¢o dinh 1a 37,7%)

Thanh phin xic tac Ky higu Hé‘:ol‘“j/c“g Sy . Mg

SALO. ) Chat mang A 0 215

37 TUNIOM-ALO, ) 7 37.7NUA 0o S
| 37.79%Ni0O+5%Ca0/y-ALO, T 37.7Ni5CHA 5 Y

37 79NIO+8%Ca0f-ALO, 37 INi8Ca/A 8 78
| 37,79:Ni0+11%CaOf-ALO, 37 INILLCA/A I 0

37 79NIO+15% CaOf-ALO, 37 INIISCa/A s | 51
Eﬂ?%Ni()ﬂSj@ Lia()/y-Alz()‘i_‘W | srNiscaa | 25 I

Dign tich bé mat riéng cua y-ALO, la 215
m*/g. Sau khi mang 37,7% NiO dién tich bé mat
riéng  cla xOc tde gidm di gan 40% va thém
Ca0 bé mat riéng coa xic dc tiép tue giam. Chi
v 5% CaQ gid tr1 Sy giam 25% va sau doé
dién tich bé mat riéng giam hau nhu ty 1& nghich
v3i ham luong CaO thém vao. Sy giam bé mat
riéng ¢6 thé do cdc tinh thé NiQ, CaO két khoi
irén bé mat cua y-Al,O, va dién tich bé mat
rieng cua ban than NiO vd CaO thap hon y-
ALO,.

Niuéu xq 1ra X (XKD, Pho XRD cua cdc xic tic
chira phu gia CaO duoe the hién trong hinh 1.

T hinh 1 cho thiy, wrong cdc xic tdc
NiO+CaO/A 10n i linh thé NiO, spinel
NIALQO,, CaO va khong xuat hién pic dac trung
cho ALO,. So véi xGc tdc 37, 7NYA, trong xic
tac chaa 37,7Nil 1Ca/A xudt hién thém pic dac
trung cho CaO. Trong dé NiO ¢6 cudng do pic
manh nhat. Cutng do¢ pic CaO cang manh khi
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haum fugng canxi cang cao, chung 16 CaO t6n tai
¢ trang thai wr do. Ngoai ra, cuong do pic dac
trung cho NiO va NIALO, trong xtc tac
37, 7Ni{1Ca/A tang manh va khodng gdp doi so
vai pic tuomng tng trong xic 1dc 37, 7TNi/A. Nghia
12 canxi da kich hoat su hinh thanh cic tinh thé
NiO va NiALO,. Ngoai CaO trong phé XRD
cia xuc tic NiCa/Al khong xudt hién cac pha
mdi, chimg 16 gitra Ni va Ca ciing nhu Ni-Ca-Al
tuong tac khong di manh dé tao pha hén hop.
Chudn dé xung. K€l qua phan tich chuan do
xung duoc néu & bang 2.

Két qua bang 2 cho thay, doi voi xic 14c
Ni/Al thém CaO dién tich bé mat riéng cva xic
tac giam r; 1ét, nhung kich thude tnh thé niken
va do phan tan niken thay d6i khong nhidu.
Trong hé xidc tic 37, 7%NIiO-CaO/ALO, voi
ham luong CaO khic nhau kich thuée tinh thé
cua niken nam trong ving kich thude 161 wu cho
phan ng metan héa CO - xdp x1 20 nm [2. 5].



Kiur theo chwong trinh njiér dé (TPR)
Khtr theo chuong trinh nhiét do cic xuce tic
NiO-CaO/AL O, dugc ti€n hanh v6i hai t6c do

gia nhigt la 6°C/phut va 10°C/phit. Pho TPR cla
cic xtc tdc 37,7%NiO+CaO/Al duoc trinh bay
trén hinh 2.

1 1
I S R S g 2
— © Hinh I: Phé XRD cita
- xiic tde NiO-CaO/ALO,
3, 1 C » a vé1 ham luong CaO
a A RN _ -3 ke ; khic nhau
1 ) : . TT (@) 0%; b) 5%: (¢) 8%:
; (d) 11%; (e) 15%.
e s - f trong hinh:
ARDNALE RERIEIRTS WL IC PN S : o '3 \--_q [EE R ' ; (Slé) l;()ln()g "
b 2 ! 1 L (2)NIALO,
i S U ‘-‘qi - 4 5 , 2 | (3)yNiLAl
i WAL S ey e o -M,w.-g (4} Ca0
2 '
1
2 | : Z
A . s g,
E .l L] 2’6 ) ] L.

Bang 2: Dién tich bé mat riéng clia xic tdc (S,,), dién tich bé mat Ni trén ig xidc tdc (S,
dién tich bé mat cua Ig Ni (8, kich thudc tinh thé niken (dy;) vt A0 phan tan cua niken (yy,)

cla ¢dc hé xiic tac
Heé xiic tdc Sy, m/g Sy MY/g Sni Mg dy;, nm Yan %

1. Ni/A 125 20 54 19 8
2. Ni+3Ca/A 91 16 4] 25 6
3. Ni+8Ca/A 78 18 43 21 7
4. Ni+11Ca/A

- khong kha 70 20 53 19 8
- kha 250°C/2h - 20 53 IR 8
- khir 400°C/8h - 1 29 35 4
- kha 500°C/{1h - 8 22 45 3
5. NI+ 15Ca/A 51 21 56 18 8

Pho TPR cua cdc xic tdc déu cé 3 pic chinh. Pic thi nhat cé nhiét do khir cuc dai dao dong
trong khoang 400 - 500°C, pic thi hai — trong khoing 500 - 600°C va pic thi ba & §25 - 850°C. Chj
trong ciac mau chida CaO méi xual hién pic khir thd ba. So sdnh voi két qua nghién citu [2] va két
hop v6i ket qua XRD c6 thé khang dinh pic thi nhat dac trung cho sy khir cia Ni%* trong NiQ, pic
thit hai fa pic khit ciia né trong spinel NiALO,, pic thd ba dac trung cho su khir cia chat mang X4y ra

do anh hudng cua canxi.
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Hiuh 2. Pho PR cla cdc xic tac
(16¢ d6 gia nhiét 10°/phan)

(1) Ni/A

(b) Ni+5Cu/A

(c) Ni+8Cu/A R

(d) Ni+ 1 1Cw/A. e)Ni+15Ca/A

Bdng 3: Nhiét do khtr cyc dai cta NiO (T, v (V61 16¢ do tang nhi¢t do 10"C/phit)
va nang lugng hoat héa khir ciia Ni** trong cdc xtic tdc ¢6 ham lugng CaO khic nhau

["t1am lugng CaO. % 0 5 8 1 15 |
R 492 542 555 553 647 |
| T o : . B D
| 15 KJ/mol 2693 | 3545 30,34 2546 3695 |
(E tinh theo pho TPR ca cie xic tie thue hien ¢ 1oc do nang nhiet do 6 va 10°C/pidn).

Su x¢ dich nhict do kha cue dai cda NiO vio - NiO+  CaO/ALO, tuong g nhu  xic tac

viung nhict do cao hon khi ham lugng CaO trong
XUc tdc tang (xem bang 3} chdng to gila niken
va canxi ¢6 wiong e vi su tuong tic do cang
manh khi kam logng CaQ trong xuc tdc cing
cao. Mat khic, tang ham lugng CaO wong xic
tac cudng d¢ pic khu cta spinel NIALO, tang.
Nhiét do khi cua chdt mang trong cdc xic tic
Xdp X1 nhau.

‘Trong cic xde tde bién tinh nang luong hoat
héa kha B cua NiQ trong xiac tac chia 1% CaO
la thip nhal (xdp x1 v&l xdc the khong chia
Ca() va cao nhat ¢ xic tdc chia 153%Ca0. Diéu
dé cho thay, xdc e NiO chia 11%Ca0O dé by
kit hon. va do do xde de ndy ¢6 thé co hoat do
cav nhat. Ngoai ra, tir kél qua thi nghi¢m cho
thay rang, trude khi tham gia phan ang. cdc xic
tac cin phai duoc kh & nhiét do 400°C tro len.
2. Nghién ciu hoat do xuce tdc trong phan

ing metan héa CO
a) Anh hiong ciia ché do khit xiie e

Pé luya chon didu kien xu Iy xue tdc da tén
hanh khu xic e & 250, 400, 500 va 600°C
trudc khi thue hién phan tmg. Két qua khao sat
duge trinh bay wong bang 4.

Anh huong cla ché do khir doi véi xic tac
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NiO/ALQ, khong chita CaO {2]. Sau khi khu o
250°C, hoat do cia xuc tic thip. Theo nghitn
ctru ‘I'PR thi nhiét do khir cua Ni** khodng 400 -
500"C, cho nén sau khi khir & 250°C trong 8 gio
thi luong Ni** bi khir rat i, do do hoat tinh cua
xuc 1ac ¢ khong cao. Khi tang nhi¢t do khu lén
dén 400 va 500°C hoat do xic tic ting. Pang
chi ¥ hoat do cac xidc lic rong mol sO rudng
hop sau khi khir & 500°C thap hon sau khi khir o
400°C. Pidu niy co the duge ly giat & do cdc
tam niken bi thiéu két khi khir ¢ nhiét do cac
(300°C). That vay. két qua nghi¢n cidu chudn do
xung cua xGc tac 37.7Nil1Ca/A sau khi khir &
rthiét do khdc nhau (bang 2) cho thay sau khi
khir & 250°C tinh chat bé mat cia xGe tac khong
khdc vadi xiice tac chl x0r 1y N, Nghia 1a ¢ 250°C
niken trong xic tac hau chua by khu. Khi ting
nhiét do khir léen dén 400°C kich thude tinh the
niken trong X4 tac tang gan gdp dol v do phan
tan cta niken giam nia. Tiep tue tang nhiét do
khir dén 500°C gia i dai luong d,, 1i€p tuc tang
va 7. liép e giam. Nhu vay, khi khu ¢ nhict do
cao su thicu két cac phan ti niken da dicn ra.
Khir [ qua trinh cdn thict dé chuyén niken sang
trang thai hom dong. nhung ngay khi khir o
400°C gid tri dai lugng d. tang



Biinig 4: DO chuyén hoa CO (X, %) cua xic tac 37,7¢ e N10/y-AL O,
chita ham lugng CaO khédc nhau duge khir theo cdc ché do khac nhdu

(Nhiet do phdn tmg 180°C. 16¢ do dong khi t6ng 18 I/giy)

{ - B - - "
Ti lé mol 1L/CO wong hén hop phan ing
Xiic tdc Ch¢ do khu T - -
1 e 25 33 S0 100
, 2500C, 8§ piv 37 41 44 39
Ni/A -
L J00°C, 8 210 30 92 99 99
(I g xdctde) o
300°C, | gioy 98 29 100 100
. 250°C, 8 gidy 9 10 I8 33
Ni+5Ca/A St - - :
. 400°C, 8 pidr 26 24 32 43
(0.1 g xuc téc) | - : —
S500°C, | giv 28 29 30 38 ]
_ 230°C, 8 gioy 12 16 16 33
NiI+8Ca/A = =
L 400°C, 8 gio 60 60 66 84
(0,1 g xic¢ tac) -
S500°C. 1 gidy 25 39 36 48
Ni+l G/ d/A 250°C, 8 pio 17 22 26 30
((} 1 8 xun 1ac) 400°C, 8 g1o 91 ; 91 91 94
o 250°C, 8 giv 22 23 23 26
Ni+15CW/A e —
| L 4()()‘{ 8 gio 90 91 92 96
PO g xae ey - - — - —
} 300 ( | 010 ‘ 65 81 90 vl

Che do khu xde e ciing dnh hudng dén do
lua chon cua phan tng. Frong cic wrudng hop
khu xde tdc o nhiet do 250 va 400°C trong thanh
phin cta san phdm phin g ham luong metan
khong thiap hon 99%. phan con tai {< 1%) la
metunol. Nhung trén xte tdc sau khi khi ¢
S00°C nong do metanol trong hén hop sin phim
dal 131 6% . Nghia la kich thude quin thé niken
khong chi dnh hudng dén hoat do ma ¢i do lua
chon coa phan tmg. Do do, d¢ udnh thicu k&
NiO nén 1i¢n hanh khir e tédc rong ving nhiét
d¢ 400 - 300°C.

khi nhi¢t do phan dang va ti 1¢ mol HyCO lang.
D6 chuyen héa CO dart gid tri 16n nhat khi nhiét
do phan dng la 220°C va i lé mol Hy/CO = 100
I. Dieu niy ¢6 thé thue hien duoe trong thuc 1&
vi day 1a phan tmg trong khi giau hidro.

Két qua bang 5 cho thay, su phu thuee hoat
do xdc tic NiO-CaO/ALO; vao ham luong Ca0
¢o tnh cye i, ¢ nhiét do phan tng 180°C va ty
1¢ mol I, : €O = 100 hoat dé tuong déi cha cdc
Xlc tac nhu sau:

Ham lugng CaQ, %

. . _ . N 3 8 11 15 25
b} Anh Intong ciia nhiét do phdn g va thanh i
phén viic Hoat d¢ tuomg déi
1.5 3 3.3 1.8 i

Trude khi tham gia phan dng xic tac duge
khu & 400"C rong 8 gidr. DE s0 sinh hoat dé cua
Cac x0c¢ tde can ién hanh phan ing trong \'ng
Xa oL can bang. Do do lugng xic tic duoe si
dung trong rudmg hop nay i 0.1 g. K& qua
duge wrinh bay trong bang 5.

T bang 5 cho thiy do chuyén héa CO lang

Loat do xlc tde cye dai khi ham luong CaO
bang 11% . Xiic tic chira 8% CaO cung ¢4 hoat
do khd cao va ding thd hai. K&t qua phan tich
XRD cho thiy cudng do cic pic trong hai xiic
tdc nay cao nhat. PDac diém pho TPR cua hai xdc
e ndy wong w nhau Tuy nhién. so véi
3TVINIBCa/A, xic tde 37, 7NiHICa/A ¢6 do phan
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tan niken cao hon vA kich thudc quan thé niken nhing 1y do nay Kkhien che xic  tc
phit hop vGi phan Gng metan hda hon. Chinh  37,7Nil 1CaO/A <6 hoat d6 cao han.
Bdng 5: Do chuyén hoa cla CO trén cdc xic tac 37, 7% NiO-CaO/fy-ALO,
sau khi khir & 400°C, 8 gity trong cac dicu kién phan ing khac nhau
(Didu kién phdi g hiong xiic rdc siv ding 0.0 g, 1dc dé dong ki tong 18 1gid
_ ) Ti fe mol Hy/CO -
Xic tac Nhiét do, "C - =
25 33 50 100
B 180 26 24 32 43
Ni+5Ca/A 200 28 30 43 s
220 38 a4 a6 | 54
180 60 60 60 84
Ni+8Ca/A 200 77 71 T | 86
220 83 81 83 | 88
180 91 91 91 92
Nit+11Ca/A 200 93 93 94 95
220 94 95 95 96
N 180 40 43 43 50
NieISCyA | 200 42 45 45 55
220 44 T Y 61
180 22 27 08 28
Ni+25Ca/A 200 23 28 B0 35
220 39 36 3 v

R& rang. CaQ ¢6 tac dung trdi nguoc nhau
rong bicn tinh tinh chal cua xdc e NIO/ALO,.
Mot mat CaQ ¢6 1a¢ dung tang kha nang hip
phu phan ly CO dé o cacbon bé mat (Cy) la
san pham trung gian dé tao CH, [8] vi tang 1a0
thanh dasg tam hoat do -NiO, spinel NIALO,
dan dén hoat do xuc tac tang, mat khdc canxi lai
¢ tac dung lam giam bé mat riéng cua xic ic,
1ang su thiéu két cha niken trong qud uinh khu
va [am giam kha nang khu cua niken din dén
giam hoat do xdc tic. Sy két hop 161 uu gitra hat
tic dung nay c6 duge trong xdc (dc chia
119%Ca0.

So sanh hoat do cla cdc xuc tdc ¢ thanh
phan 161 wu dugc 1i€n hanh trong dicu ki¢n xa
¢an bang (180°C, ty 1¢ mol H2 C =25 va do
chuyén héa CO = 0,53). Tdl ca cic xic tic déu
dugce nung ¢ 600°C trong 4 gid va khir ¢ 400"C
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rong 8 gio. T6c do phan Gng (1) va 1y & 10¢ do
phan dng metan héa CO cua cde Xae @e trong
cung diéu kién phan {ing nhu sau:

Xiic tac:
75N T1 37, 7NiAL 37 INITICa/A]
r, mmol/g.p1d
223 597 5487
Houat do tuong doi
1 2.7 30.5

Viy, trong diéu kién phan ng ueén hoat do
clia Xt tac 37.7%NiO/y-AlL O, cao gap 2.7 lan
so véi o xic tdc 7,59%NIiOfM0O,. Xide  tic
37.7%Ni0 + 11%Ca0/v-ALO; ¢6 hoat do cao
nhat, cao gip 11 lan xdc e 37, 7NIO/A va 30
lan so v&i xic tdc NiO/ 110,

Sir dung phan mém Mathematica 5.0 d¢ xic
dinh ham lugng CaO (61 uu trong xdc tic
37.7%Ni0+Ca0/y-Al,O, nhan dugc ham luong



161 vu CaO theo tinh todn la 10,2%, rat gan véi
két qua thuc nghiém. Kiém tra lai bang thuc
nghiém cho thdy, xdc tic chua 11%CaO va
10.2% CaQ ¢6 hoat do xdp xi nhau. Viy xic tic
37, T%NiIO+10,2%CaOfy-ALO; 1 xic e ¢é
thanh phan 161 wu cho phan fing metan hoa
cacbon monoxit.

Xac dinh luong cGe tao thanh rén xdc tdc
sau 15 gid phan ing ¢ 220'C, vai 1y 1é mol H, :
CO = 100 cho thay trong cung diéu kién phan
ing (rén xdc tdc 37,7%NiO/y-ALO, ¢6 0,05 g
¢Oc/g xGe tdc, trong khi dé weén xde tdc
37,79%NiO+10,2%CaOk-ALO, luong cdc tao
thiinh 1a 0,037g/g. R6 rang, phu gia kiém da lam
gram luong cde tao thanh, ¢é the 1 do nd di lam
giam tinh axit cha xic tic.

IV - KET LUAN

K&t qua nghién ciu cho phép dua ra mot s6
kel ludn vé vai 1rd coa CaO doi voi hé xic 1dc
NiO+CaOfy-AlLO, cho phan dng metan héa CO
trong khi hidro:

L. Gitta cdc thanh phan xdc tdc ¢ tuong tic
tuy khong qud imanh, do dé rong xiic tic 16n tai
tinh thé NiO, CaO w do va spinel NiAlQ,.

2. 'Thém CaO dién tich bé mat rieng cla xiic
tde giam, nhung kich thue tinh thé piken vi do
phdn tan niken thay d6i khong nhiéu. Trong hé
xdc tic 37,7%NiO-CaO/ALO, véi ham luong
CaO khic nhau kich thudc tinh thé cla niken
ndm trong vig 6i wu cho phan tng metan hoa
CO - xdp xi 20 nm.

3. Canxi ¢6 tde dung hai mat: mot mat, lam
tang kha nang hap phu phan ly CO va tang
luong $6 1am hoat dong Ni** trong xiic tac dén
dén tang hoat d6 xic téc va giam 1o ¢6c trong
yud trinh phin dng, mar khic né lai ¢é tdc dung
lam Lang sy thiéu két ciia niken trong qud trinh

khir va lam giam kha nang khir cta niken din
dén giam hoat do xic tdc.

4. Ham luong 161 uu cha CaO trong xic 1ic
37.7%NIO/ALO; 12 10,2%. Xic tic nay ¢é hoat
d0 cao gap 11 hoat do clha xic tac
37, 7%N10O/ALO; va gdp 30,5 lan 7,5%NiO/Ti0
va rén xdc tdc nay CO chuyén hoéa gén nhu
hoan woan thinh metan ngay ¢ nhiét do 180"C.

Dong thoi két qua nghién cttu cho phép lua
chon di¢u kién 16i wu diéu ché xic tde 14 xdc tic
can duge nung & 600°C trong 4 gid va khi &
400°C, 8 gid.
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