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MO DAU

Mot trong nhimng san phdm quan trong ctia qua trinh cong nghé chuyén
hoa cac vat liu chira cacbon chinh 1a cachon hoat tinh.

Chat lugng cua cacbon hoat tinh dugc dét trung béi téng dién tich bé mit
cta thanh cac 16 mao quan va con duoc danh gia thong qua cac chi sb Iod va chi
s6 Xanh Methylene. Nguyén liéu san xuit cacbon hoat tinh chu yéu 1a céc loai
vat liéu chtra cacbon co nguén géc khac nhau: cac loai than hoa thach va cac vat
liéu co ngué)n géc sinh hoc. Cong ngh¢ san xuit cacbon hoat tinh hién nay
thuong 1a quy trinh xtr 1y 2 cdp: cacbon hoa va khi hod (hoat hod) cac nguyén
liéu chira cacbon.

Truong Pai hoc Bach Khoa Ha Noi, Vién khoa hoc cong ngh¢ Viét Nam
va B Quéc Phong viéc nghién ctru vé cacbon hoat tinh d3 duoc trién khai tir 1au
nhung két qua thu duoc van chua thuc su thuyét phuc. Su nghién ctru van chua
co tinh hé théng cao va chua tao ra duogc co sé khoa hoc vé tinh toan, thiét ké va
ché tao thiét bi dé)ng b dé c6 thé 1am cha hoan toan vé cong nghé, tinh toan,
thiét ké va van hanh t6i uu qua trinh chuyén hoé cac loai vat liéu chtra cacbon dé
san xudt cacbon hoat tinh & qui mé céng nghiép.

Chinh vi vdy, muc dich cua ludn an nay la:

e Nghién ctru thuc nghiém cong nghé chuyén hod mot s6 vat liéu chua
cacbon cua Viét Nam b::ing hoi nudc va br:ing khi CO,, thu thap va h¢
théng hod céc sb liéu thuc nghi¢m thu duoc;

e Nghién ctu xur ly céac s6 liéu thuc nghi¢m, tinh todn xac dinh cac thong )
dong hoc cua cac qua trinh phan tng chuyén hod cacbon bang hoi nudc va
bﬁng khi CO,;

e Thiét 1ap cac mo ta dong hoc cua phan Gmg chuyén hod cacbon bang hoi
nudc va bang khi CO»;

e Xay dung co s khoa hoc cho viéc tinh toan thiét ké va cong ngh¢ thiét bi

chuyén hoa (hoat hoa) than gao dira bang hoi nudc ¢ qui moé céng nghiép;



Dé dat dwoc muc dich dé, ndi dung ciia ludn dn tip trung vao gidi quyét cdc

van de sau:

)

2)

3)

4)

S)

Xay dung hé thong thiét bi thi nghiém nghién ctru chuyén hoa hoa hoc

mdt sd vat liéu chia cacbon béng hoi nudc va b?mg khi CO;

Tién hanh nghién ctru thuc nghiém cac phan Gng hoa hoc di thé khong

xuc tac chuyén hoa vat liéu chira cacbon (than géo dira dét hdm) trong cac

diéu kién phan tmg khac nhau bang hoi nudc va bang khi CO,;

Trén co so cac sd lidu thyc nghiém d3 thu duogc, 14p mé hinh tinh toan,
khai thac cac phan mém hién hanh, giai bai toan xac dinh cac thong sb
dong hoc cta phan Gmg chuyén hod cacbon (than géo dira d6t ham) bang
hot nudc va béng khi CO,;

Thiét 1ap cac mo ta dong hoc ctiia phan tmg chuyén héa cacbon (than gio
dira d6t ham) bang hoi nudc va bang khi CO,;

Xay dung va giai cac phuong trinh cin bang chat va can bang nhiét tinh

toan thiét ké cong nghé va thiét bi chuyén hoa vat liéu chira cacbon bing

hot nudc & qui mo cong nghiép;

CHUONG I
GIOI THIEU VE CACBON HOAT TiNH

I.1. GIOI THIEU VE CACBON HOAT TiNH

Cacbon hoat tinh 1a mot chat hap phu khong cuc chira 85+97% cacbon tuy

theo cac di€u ki¢n san xuat, phan con lai l1a tro v6 co. Chung da duogc st dung tir

lau doi nay véi muc dich 1a chat hap phu trong qua trinh phan tach, cac qua trinh

lam sach hé khi va hé 1ong, dong thoi chung ciing dugc dung nhu 1 cac chat xuc

tac hodc chat mang xuc tac trong cac qua trinh hoa hoc xtc tac di thé.

Chét lugng cua cacbon hoat tinh duge dic trung boi tong dién tich bé mit

cta thanh céac 16 mao quan, ngoai ra ching con dugc danh gia thong qua cac chi

sO: chi sb Tod va chi sé Xanh Methylene.



I1.2. CAC PAC TRUNG CO BAN CUA CACBON HOAT TiNH
L2.1. Cac dic trung co hoc cua cacbon hoat tinh
L.2.1.1. P$ cirng: DO cing cua cacbon hoat tinh dugc tinh bang lugng cacbon
hoat tinh mau con lai trén sang 0,5 mm so v&i luong cacbon hoat tinh mau ban
dau.
1.2.1.2. B$ bén chiu mai mon: Do bén chiu mai mon cua cacbon hoat tinh
duoc tinh béng lugng cacbon hoat tinh mau con lai & trén sang 0,315 mm so
v6i lugng cacbon hoat tinh mau ban dau.
L2.2. Cac dac trung hoa ly
1.2.2.1. Cdu tric tinh thé ciia cacbon hogt tinh: Cacbon hoat tinh 12 mot loai
vat liéu co cau tric graphit, cdc nguyén tir cacbon trén dinh céc luc giac déu,
nam cach nhau nhiing khoang nhat dinh.
1.2.2.2. Chi sé xanh Methylen: Chi sb xanh metylen 14 s6 millilit dung dich
xanh metylen c6 ndng do 1,5g/1 (0,15%) bi mat mau boi 0,1 gam cacbon hoat
tinh (d4 nghién min).
1.2.2.3. Chi s6 Iod: Chi sb Tod lugng Iod (tinh bang mg trong mot dung dich
lodng 0,2N) duoc hip phu trén 1g cacbon hoat tinh (d3 nghién min).
1.2.2.4. Bé mdt riéng BET: Bé mit riéng cta cac mau cacbon hoat tinh dugc
xac dinh bang phép do hap phu nito ¢ nhiét do thap. Trong cong trinh luan an
nay bé mat riéng cta cac mau cacbon hoat tinh thu dugc trong phong thi
nghi¢m duoc xac dinh trén may Quantachrome Autosorb ASORB2PC. Version
1.05.
1.3.3. Ciu tritc xép ciia cacbon hoat tinh
CAu trac xOp cua cacbon hoat tinh duoc dénh gia bai thé tich cac 16 xbp

tinh cho mot don vi khéi luong (cm’/g) hay mét don vi thé tich (cm’/cm’).
1.3.4. Céu triic hod hoc ciia cacbon hoat tinh

Phan tich cau trac bang nhidu xa Ronghen, Hoffmann thay rang, cacbon

hoat tinh dugc hop thanh tir nhitng tinh thé nho kiéu grafit 1030 @ (1+3nm).



I.3. PHAN LOAI CACBON HOAT TINH

L.3.1. Phén logi theo misec gdbm c6: Cacbon hoat tinh dang bot (PAC) va
Cacbon hoat tinh dang hat (GAC);

1.3.2. Phin logi theo Meclenbua gdm co6: Cacbon hoat tinh tiy mau; Cacbon
hoat tinh y té va Cacbon hoat tinh h?ip phu;

1.3.3. Phén logi theo Dubinin gdm c6: Cacbon hoat tinh hap phu khi; Cacbon

hoat tinh thu hdi dung méi va Cacbon hoat tinh tdy mau;
1.4. MOT SO UNG DUNG CUA CACBON HOAT TiNH

Cacbon hoat tinh c6 rat nhiéu ung dung trong cong nghiép hoa chat, cong
nghiép thuc pham, cong nghiép duoc pham, trong y t& va dic biét ngay nay
cacbon hoat tinh dugc tng dung rat rong rii trong cong nghiép lam sach nudc
sinh hoat va cong nghé xir Iy méi truong,... chung dugc sir dung rat rong rai dé
1am chét hap phu trong pha khi hay pha long. Ty thudc vao cac hé tap chat can
phai 1am sach ma st dung thuan tiy cacbon hoat tinh hay cacbon hoat tinh ¢6
thAm mot hay nhiéu chat xuc tac

Trong cong nghi¢p hoa hoc, cacbon hoat tinh dugc st dung dé thu hoi cac
dung mdi trong cong nghiép hoa hoc, Khtr mui va cac chat doc trong khong khi
cAp va khi thai nhu khoi 10, khi SO2, khi H2S,...

Trong cong nghiép thuc pham, cacbon hoat tinh dugc sir dung trong cong
nghi¢p do uéng vi du: cacbon hoat tinh dugc dung dé loai bo dau fusel trong
cong nghiép san xudt va tinh ché rugu, 1am sach nude nau bia,...

Trong cong nghiép duge phdm va y hoc, cacbon hoat tinh duge str dung
lam chit hip phu tdy mau, loai bo cac polymer, phan tich peniciline,
steptomycin,...

~ CHUONG II ,
CONG NGHE CHUYEN HOA CAC VAT LIEU CHUA CACBON

II.1. NGUYEN LIEU VA TINH HINH SAN XUAT CACBON HOAT TiNH
Cacbon hoat tinh dugc san xuét tir cac loai vat liéu chtra cacbon nhu cac

loai than khoang, cadc nguyén li€u c6 nguon goc tur thuc vat, cac nguyén li¢u cod



ngudn gbc tir dong vat. Chat lugng cta cacbon hoat tinh san xuat ra phu thudc
vao loai, tinh chit ctia nguyén liéu str dung.
I1.2. CONG NGHE SAN XUAT CACBON HOAT TiNH

Do dic trung cta cac ngudn nguyén liéu 1a khac nhau nén da c6 nhiéu loai
cacbon hoat tinh khac nhau: vé kich thuéc, vé do bén co, vé tinh chat hép phu,...
va cling dd c¢6 nhiéu phuong phap cong nghé san xuat khac nhau. Cong nghé cia
qua trinh san xuit cacbon hoat tinh di tir nguén gdc thuc vat gdm cac giai doan
sau:
I1.2.1. Quad trinh cacbon hoad

Nguyén tic cta qué trinh san xuat than g 1a dung nhiét dé phan huy gb
trong diéu kién khong c6 khong khi. Dudi tac dung cia nhiét tir nhiét 4o thuong
dén nhiét do 170°C g bi kho dan, tir 170+280°C g bi phan huy theo nhimng qua
trinh thu nhiét. Tiép theo tir nhiét do 280+380°C xdy ra su phan huy téa nhiét,
giai phong metanol, hic-in. Qua trinh cacbon hoa xem nhu két thuc & 600°C.
11.2.2. Qua trinh hoat hod

Tiép theo qua trinh cacbon hoa 14 qua trinh hoat hod. Muc dich cta qua
trinh nay 1a giai phong do xop so cap di co san trong cacbon, dong thoi tao thém
16 Xép thu cép cho cacbon, lam cho cacbon c6 do hoat tinh cao.

Phuong phap hoat hoa hoa hoc: voi phuong phép hoat hda héa hoc, nguoi
ta dua tac nhan hoat hoa bao gdm mét hay nhiéu chit vé co nhu: ZnCl,
H;PO,,...vao nguyén li¢u ban dau, sau d6 cacbon hoa nguyén li¢u cacbon da
dugc tim hod chat ¢ nhiing nhiét do khac nhau va trong nhiing khoang thoi gian
thich hop.

Phwong phdp hoat hod hod Iy : that ra & ddy ngudi ta ciing sir dung céc chat
oxy hoa nhu: hoi nuéc, khi carbonic,...lam tdc nhan hoat hda tac dung véi
cacbon nguyén liéu. Khi mirc do hoat hoa chua cao, tic nhan hoat hoa tdc dung
v6i cacbon vo dinh hinh va cacbon mach cao nam trén bé mat, giai phong 16 xop

so cAp di co san trong cac phan tir cacbon. Tiép theo 1a chiing tac dung véi phan



ngodi cling cua cacbon, 1am chuyén héa mot phan cacbon tinh thé, tao ra hé
thdng cac 16 x6p cho cacbon.

I1.3. MOT SO SO PO CONG NGHE SAN XUAT CACBON HOAT TiNH
IL.3.1. So do cong nghé sin xudt cacbon hoat tinh theo phwong phdp hoat

héa héa hoc biang ZnCl,  visos zace

2
Trong do: 1 Kni
1. Ngam tam o ot ; | 5 .
2. Lo hoat hoa Khingmg tu = E:E ;
3. Loc . Dung dich ZnClz gg E m@ . 8
e di ngém tém
4. Chiet ing ; e dp %
5. Rua
2 Hei 5§
6. Nghién vot Nude néng - l
& 4 M Huyén phil Ha _1—|_|
7. Loc ép ﬂ?
S Sd’y Nurce thai

i Béng g6i
9. Phan loai
Hinh I1.1. CNSX cacbon hoat tinh theo phwong phdp hoat héa hoa hoc bang ZnCl,

I1.3.2. So dé cong nghé san xudt cacbon hoat tinh hoat héa bang hoi nwéc

Trong do: J@ gz ]ﬁ

1. Bdp nghién

2. Nghién min / :

3. Khuay tron jD 6 .
4. Dun ép ’

5. Thié:t bi sdy Khong khi H S i

6. Thiéf bi than hoa Hoi nuée \ g
7. Thiet bi hoat hoa
8. Phan loai

Péng gé
Hinh I1.2. CNSX cacbon hoat tinh theo phwong phdp hoat héa bing hoi nwéc

I1.3.3. So' dé cong nghé san xudt cacbon hoat tinh tiv than antraxit

Trong do:

Than antraxit
Bulker chira
Nghién vun
Thiéu két
Nghién

Thiét bi than héa
Thiét bi hoat hoa
Nghién min

Hinh I1.3. Cong nghé sin xudt cacbon hoat tinh tir nguyén li¢u than antraxit

S0 NN W N~

Than bt Than hat
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, CHUONGIII n ,
NGHIEN CUUTHU'C NGHIEM PHAN UNG CHUYEN HOA
CACBON BANG HOI NUGC VA BANG KHIi CO,

I11.1. MO TA HE THONG THIET BI CHUYEN HOA CACBON
II1.1.1. Yéu ciu vé hé théng thiét bi thi nghiém

bé qua trinh thyc hién cac thi nghiém duoc chinh xac va co thé xac dinh
dugc cac thong sd cong nghé clia qua trinh, hé thong thi nghiém phai dap tng
duoc cac yéu cu ki thuit chinh nhu: Hé théng dam bao kha ning 1am viéc 1au
dai,tin cay; dam bao dugc kha ning diéu khién nhiét d6 va qua trinh dang nhiét
trong sudt thoi gian phan ung; dam bao hoi nudc hoic khi CO, duoc cap vao 10
12 6n dinh va c6 thé diéu chinh duoc theo yéu cau; Xac dinh duogc céac thong sb
cong nghé mdt cach nhanh chong va thuén loi,...
II1.1.2. Nguyén Iy hoat dpng ciia hé thong thiét bi thi nghiém chuyén hod
cacbon bing hoi nwéc

a) Heé théng thi nghié¢m chuyén hod cacbon bing hoi nwéc, hinh II1.1
1 2 3 4 5 6 7 _ 8 9 10 1 12 13

Hinh IIL1. So do hé thong thi nghigm chuyén hod cacbonbang hoi nwéc

b) Hoat dpng ciia hé théng thi nghigm: Nudc duoc cung cip tir bom vi luong
(15) tron voi ni to sach qua 16 gia nhiét (6) rdi dua vao 10 quay hoat hoa (7).
Dong khi thoat ra tir hé thong dugc ngung tu nude du tai (12) va qua cac thiét bi
do (10 &11) dé phan tich ham lugng khi CO va CO,, luu luong dong khi ra va
nhiét 46 dugc ghi lai va 1ap thanh cac bang s liéu dé xtr Iy (bang 111.2 — 111.4).



II1.1.3. Nguyén Iy hoat déng ciia thi nghi¢m chuyén hod cacbon bing khi CO;

a) Heé théng thi nghiém chuyén hod cacbon bang khi CO,, hinh II1.2
1 2 3 4 5 6 7 8 9 10

12 13

o

Thai

11
)

Hinh II1.2. So do hé théng thi nghi¢gm chuyén hod cacbon bang khi CO,
b) Mo ti hoat dpng ciia Hé thong thi nghiém: Hé thong hoat dong tuong tu
nhu tredng hop thi nghiém chuyén hoa cacbon bang hoi nude va cac s6 lidu thu
duoc trong qua trinh phan tng s& duoc ghi lai va 1ap thanh cic bang s liéu dé
xu ly (bang IIL.5 - I11.7).
I11.2. THU'C NGHIEM CHUYEN HOA VAT LIEU CHUA CACBON
II1.2.1. Chudn bi méu va chudn bi hé thong thi nghi¢m
a) Chudn bi mau cacbon: Vit liéu chira cacbon duoc dung trong cac thi nghiém
chuyén hoéa 13 than géo dira (Bén Tre) voi nhitng dic trung chinh nhu sau:

Bing IIL.1: Cdc thong sé va diic trung co bén ciia than gdo diva

TT| PDactrung |DVT| Giatri |TT Dac trung DVT | Gia tri
1 |Kich thudc hat mm 1+35 7 Kizoleu’,ong reng g/cm3 0,586
do dong
Ham lwvong cacbon | N A2 3
2 o6 dinh % 76,17 8 Do )’cop tong mm’/g| 303,03
3 |Chét béc o | 1701 | o [KhOI lwong riéng .3\ 1105
blel/f kién
4 P tro % | 1782215 | 10 ﬁ’;‘;’ lugng - rieng 31 1 600
5 |pg dm % 787 |11 [CM s Xanh o, <1
methylen
6 |Ham luong Hydro % 2,65 12 |Bé mat rieng BET m’/g 43,00

b) Chudn bj hé thong thi nghi¢m: Trudc khi tién hanh thi nghiém can phai

kiém tra va dam bao toan bd hé théng hoat dong chinh xac va tin cay.



II1.2.2. Qud trinh tién hanh thwe nghiém
II1.2.2.1. Thi nghigm chuyén hod cacbon bang hoi nwéc

Cac thuc nghiém déu duoc tién hanh trong diéu kién qua trinh déng nhiét,
lwu lwong va ty 16 hdn hop Nito — Hoi nude cdp vao 10 dam bao déu din. Mau
vat liéu chtra cacbon dua vao thi nghiém 13 100 g. Cac thong sé cong nghé nhu:
nhiét d6 phan tng, luu luong cac dong khi, thanh phan hdn hop khi phan tng....
trong sudt thoi gian tién hanh thyc nghiém déu duoc ghi lai. Cac thi nghiém
duoc tién hanh thuc nghiém & cac nhiét do khac nhau: 800°C, 850°C va 900°C.
II1.2.2.2. Thi nghi¢m chuyén hod cacbon béing khi CO2

Qua trinh thi nghiém chuyén hoa cacbon bang khi CO, ciing dugc tién
hanh tuong tu. Cac thuc nghiém déu dugc tién hanh trong diéu kién qua trinh
dang nhiét véi luu luong va ty 18 hdn hop N, — CO, cip vao 10 duoc khdng ché
dam bao khong doi va déu dan. Mau vat liéu chia cacbon dua vao thi nghiém 13
75 g. Céc thi nghiém duoc tién hanh & cac nhiét do phan Ung khac nhau: 820°C,
860°C va 915°C.
II1.2.3. Két qua thwe nghiém
II1.2.3.1. S6 liéu thwe nghiém

Cac két qua thu dugc tir cac thi nghiém phan tng chuyén hoa than géo
dira bang hoi nuéc va bang khi CO, duoc trinh bay trong cac bang I11.2 — II1.7.

Cac dai lwong da dwoc xdc dinh trong quda trinh thuc nghiém:
® f: Thoi gian do, [phut];
Vi,-  Luu luong khi Ni to cdp vao 1o hoat hod, [1];
Veo, - Luu lwong khi CO, cdp vao 16 hoat hod, [1];
Vee < Luu lwong khi kho ra khoi lo hoat hoa, [l];
H,0:  Thé tich nuée con lai trong 5ng luwong, [ml];
Xeo, - Ham luong CO; trong hon hop khi khé ra khdi 1o hoat hod, [%)];
xeo - Ham lwong CO trong hon hop khi khé ra khéi 1o hoat hod, [%];
T,:  Nhiét do moi truong, [°CJ;
T,:  Nhiét dé hon hop khi kho ra khoi lo hoat hoa, [°C];
T, Nhiét do tién hanh phan vmg, [°C];
P;:  Ap sudt dong khi Nito cdp vao 16 hoat hod, [mmH,OJ ;
P,: Ap sudt dong hon hop khi khé ra khéi 16 hoat hod, [mmH,O0J ;
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Bing II1.2: Hoat héa cacbon bing hoi nuéc & 800°C, Miu: AC-W-01-800 :
Mdu cacbon ban ddu vao hoat héa: me = 100 g; San pham ran con lai (cacbon
hoat tinh): m = 50,3 g, Hiéu sudt thu hoi san phcfm ran: n = 67%, Nhiét do
phan vmg:T, = 800°C; Dién tich bé mdt riéng:Sger = 1133 m’/g

S6 t Vy, P T; H>;0 VRg T, | Xco, | Xco | Tu
IT | [ph] | [y |[mmHO]| [°C] | [ml] /1] [°Cl | o1 | [%) | [°C
1 - 7270 315 24,5 229 6325 25 8 11 800
2 30 7290 355 25 210 6361 25 8 9,5 800
3 60 7310 365 26 196 6394 25 7 8 803
4 90 7333 370 26,5 178 6431 26 8,2 8 802
5 120 7355 370 28 161 6466 27 8 7 800
6 150 7380 395 29 144 6504 27 7,7 6,2 800
7 180 | 7402 405 29 128 6538 27 8 6 800
8 210 | 7425 415 30 110 6574 28 8,5 6 800
9 240 | 7447 415 30,5 96 6607 28 8,5 6 800
10 | 260 | 7460 310 31 84 6629 28 9,5 6 800

Bing I11.3: Hoat hoa cacbon bing hoi nuwéc ¢ 850°C, Mau: AC-W-02-850
Mau cacbon ban ddu vao hoat héa: me = 100 g; San pham ran con lai (cacbon
hoat tinh): m = 54,0 g; Hiéu sudt thu hoi san phém ran: n = 72%, Nhiét do
phan vmg: T, = 850°C; Dién tich bé mat riéng: Sger = 1185 mz/g

S6 t Va, P, T, | HO | Vi T, | Xco, | Xco T,
IT | [ph] | i | [mmH0] | [°C] | [ml] | 7 | [°CT | [o%) | [%] | [°C
1 - 312 100 19 250 4785 20 0 2 850
2 15 325 110 19 242 4801 19,5 | 1,75 8 852
3 30 341 125 20 233 4822 19 32 9,5 855
4 37 347 110 20 228 4834 19 8 15 853
5 45 356 110 20 224 4847 19 5,2 | 10,5 | 852
6 62 372 125 20,5 | 214 4872 19 5.5 10,5 | 852
7 75 385 120 20,5 | 206 4893 19 6.5 10,5 | 852
8 90 399 120 21 198 4917 19 6.8 10,5 | 852
9 105 | 413 130 21 190 4939 19 7.3 10 852
10 | 120 | 426 130 21 181 4961 19 8 10,5 | 852
11 135 | 442 125 21 171 4986 19 7,5 9,5 852
12 | 150 | 456 125 21,5 | 164 5009 19 9 10 852

Bing I11.4: Hoat hoa cacbon bing hoi nuwéc ¢ 900°C, Mau: AC-W-03-900
Mau cacbon ban dau vao hoat héa: me = 100 g; San pham rdn con lai (cacbon
hoat tinh): m = 54,0g; Hiéu sudt thu héi san pham rdn: n = 72%, Nhiét dg phdn
ng: Ty = 900°C; Dién tich bé mdt riéng: Sgpr = 1510 m’/g

So t Va, P T, | HO VRg 1, Xco, | Xco Ty
T\ okt |y | eror | 2 | g | rC| gy | g | 1€
1 - 4284 104 18,5 | 250 | 5201,5 | 18 0 1 900

20 4309 115 19 238 | 5232 18 2,5 10 900
3 35 4322 144 19 229 | 5254 18 5,5 14 902
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4 50 |4336,5 144 19,5 | 220 | 5281 18 7 14 | 900
5 67 |4353,5 144 20 | 210 | 5314 19 7 12 | 900
6 80 4379 160 21 193 | 5362 20 7 12 | 904
7 96 | 4395,5 160 21,5 | 183 | 5393 20 8 14 | 903
8 | 112 | 4409,5 170 22 174 | 5419 20 74 | 12,5 | 900
9 | 126 | 4422 170 22 166 | 5443 20 7,8 13 900
10 | 141 | 4434 180 22,5 | 158 | 5467 21 83 | 13,5 | 900
11 | 156 | 44445 190 22,5 | 150 | 5491 21 8,7 15 | 900
12 | 176 | 4461 210 23 138 | 5524 21 8,2 14 | 902

Bing II1.5: Hoat hoa cacbon bang khi CO, & 820°C, Miu: AC-C-01-820
Mau cacbon ban ddu vao hoat héa: me = 73,53 g; San phdam rdn con lai (cacbon
hoat tinh): m = 49,5 g; Hiéu sudt thu hoi san phcfm ran: n = 90,5%, Nhiét do
phan vwng: T, = 820°C; Dién tich bé mat riéng: Sper = 624 mz/g

sé| + |7 | P Pr Vo | Vi | T | %o, | %o | T
T | phl | moj| (M0 | L C L rar | e | e | C
[ |[mmH:0] 7 [mi] | | [°C | %) | %] | [°
1| - | 100 | 450 320 | 9.0 | 2925 | 25 | 74 | 20,0 | 820
2 |5 | 100 | 450 320 | 9.0 | 2995 | 25 | 6.1 | 20,0 | 820
3| 15 | 100 | 450 320 | 9.0 | 319.0 | 25 | 7.4 | 18,1 | 820
4 | 40 | 100 | 450 320 | 9.0 | 355.0 | 25 | 7.8 | 18.0 | 820
5 | 70 | 100 | 420 320 | 9.0 | 3200 | 26 | 7.9 | 17.0 | 820
6 | 94 | 100 | 420 320 | 9.0 | 451.0 | 27 | 7.8 | 165 | 820
7 | 118 | 100 | 430 320 | 9.0 | 4845 | 27 | 7.6 | 17.1 | 820

Bing II1.6: Hoat hoa cacbon bang khi CO, & 860°C, Mau: AC-C-02-860
Mau cacbon ban dau vao hoat héa: me = 74,43 g; San phdam rdn con lai (cacbon
hoat tinh): m = 43,0 g; Hiéu sudt thu hoi san phcfm ran: n = 77,3%, Nhiét do
phan wng: T, = 860°C; Dién tich bé mat riéng: Sger = 720 mz/g

Sé t Vy P P CO; VR T Xco Xco T4
7 | fph] | |07 O gy | | | e | e | 1C
[y \[mmH; S |y 1%] | %]
1 - 100 420 320 9,0 742.0 25 5,4 | 20,0 | 850
2 14 100 410 300 9,0 761,0 25 5,2 | 20,0 | 840
3 29 100 410 300 9,0 785,0 25 6,2 | 20,0 | 845
4 64 100 410 320 9,0 832.5 25 4.8 | 20,0 | 865
5 89 100 430 320 9,0 868.5 26 4,7 | 20,0 | 865
6 119 100 440 320 9,5 915,0 27 44 | 20,0 | 870
7 149 100 450 320 9,5 957 27 4.5 20,0 | 870
8 174 100 460 340 9,0 1023 27 4,2 | 20,0 | 860

Bing II1.7: Hoat hoa cacbon bang khi CO, & 915°C, Miu: AC-C-03-915
Mau cacbon ban ddu vao hoat héa: me = 75,0 g; San pham rdn con lai (cacbon
hoat tinh): m = 47,2 g; Hiéu sudt thu héi san phcfm ran: n = 84,5%, Nhiét do
phan img: T, = 915°C; Dién tich bé mdt riéng: Sger = 1163 m’/g

£ P
So Vy, P, [mm2 H, CO: VRg T Xco, Xco Ty

t
T | [ph] | [ |[mmHO] 0] [mi | | °C] | %) | (%] | [°C
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1 - 100 480 390 12 | 480,0 | 25 3,0 | 20,0 | 895
2 25 100 500 390 10 | 500,0 | 25 2,7 1.20,0 | 920
3 45 100 535 410 10 | 5390 | 25 23 | 20,0 | 915
4 60 100 535 410 10 | 565,0 | 25 1,0 17,0 | 920
5 65 100 535 410 10 | 578,0 | 26 0,5 10,0 | 915
6 67 100 450 340 10 | 581,0 | 27 1,1 20,0 | 915
7 75 100 440 320 10 | 594,0 | 27 2,1 20,0 | 915
8 90 100 440 340 10 | 618,0 | 27 2,0 | 20,0 | 915
9 105 | 100 450 340 10 | 644,5 27 2,0 | 20,0 | 915
10 120 | 100 450 340 10 | 668,0 | 27 1,8 | 20,0 | 910

Hinh II1.3+I1I5. Bién thién ham lwgng khi  Hinh I11.6+1118. Bién thién ham lwong khi CO;
CO; va CO trong thi nghi¢m chuyén hoa va CO trong thi nghi¢m chuyén hoa cacbon
cacbon bang hoi nwéc ¢ 800°C,850°C ,900°C bang khi CO, ¢ 820°C, 860°C, 915°C
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Tir cac két qua thuc nghiém va két qua nghién ctru chat lugng cic mau
cacbon hoat tinh d4 thu dugc (hinh II1.3+111.8 va bang I11.8) cho thay:

1) Sau 30 + 40 phut ké tir khi cap hoi nuéc hodc khi CO, vao ving phan tng,
ham lugng khi CO va CO, trong dong khi phan (mg gan nhu khong thay doi,
cling c6 nghia 1a phan (mg dat trang thai gan nhu 6n dinh va cho thay cé thé
dic trung qué trinh bang mot van tdc phan tmg hiéu dung trung binh.

2) bo bén co cua tit ca cdc miu cacbon hoat tinh thu duoc rit cao, vi du nhu
mau AC-W-03-900 c6 bé mit riéng Sger = 1510 m’/g, do x6p rat cao Py, =
899,63 mm3/g nhung do bén mai mon van dat 98,2%.

3) Chi s6 Iod cta cac miu cacbon hoat tinh (mgly/g) c6 s6 do xdp xi bé mit
riéng theo BET (m?/g) cho thiy véi cacbon hoat tinh gao dira, khi kiém tra
chi s6 Tod dé co thé biét duoc gan ding bé mit riéng BET cua cacbon hoat
tinh (khi khong c6 diéu kién xac dinh bé mit riéng bang phuong phap BET).

4) Cac mau cacbon hoat tinh thu dugc c6 dién tich bé mat riéng (xac dinh theo
BET) tir 620 + 1500 m*/g véi thoi gian hoat hoa tir 250 + 280 phut.

5) Hiéu suét thu hoi san pham ran (cacbon hoat tinh) 1a kha 16n thuong va
khoang 70% so véi lugng cac bon dua vao hoat hoa. Pay sé 1a mot co so rat
tdt va thuan lgi cho viéc tao ra kha nang lya chon mot do chuyén héa can
thiét dé dam bao chat luong san ph:flm cacbon hoat tinh ché tao duoc déng
thoi van dam bao hiéu sudt thu hoi san pham dat dugc yéu cau kinh té trong
trién khai san xuét cacbon hoat tinh & quy mé cong nghiép.

6) Két qua nghién ctru thuc nghiém thu dugc cho thdy cic miu cacbon hoat tinh
thu duoc tir phan tng chuyén hoa cacbon bang khi CO, c6 chit luong kém
hon mau cacbon hoat tinh thu duoc tir phan ing chuyén hoa cacbon bang hoi

nudc ¢ cung mot diéu kién nhiét dg;
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: . CHUONGIV :
TINH TOAN THONG SO MO HINH HOA PONG HQC
PHAN UNG CHUYEN HOA CACBON

IV.1. MO HINH HOA PONG HQC PHAN UNG CHUYEN HOA
CACBON BANG HOI NUGC
IV.1.1. Mé ti phwong phdp va mé hinh tinh todn xir Iy cdic két qud thwc
nghiém

Thiét 1ap mé hinh dong hoc cho phan tmg di thé chuyén hoa cacbon bang

hoi nuéc: C+ H,O - CO + H,
Sau khi dat nhiét 46 phan tmg va cap hoi nudc vao khong gian phan tng

(khoang 30 + 40 phut), ham luong khi CO va CO, di ra khoi thiét bi phan tGng
gan nhu khong thay ddi theo thoi gian nghia 13 c6 thé xem phan tng dat trang
thai 6n dinh va do d6 ta ¢ thé xur 1y cac sd lidu thuc nghiém thu duoc & trén nhu
1a d6i v6i mot hé “gid dong thé on dinh” dé tinh toan cac thong sd va thiét 1ap
mo ta dong hoc cua phan tmg chuyén hoa cacbon bang hoi nudc.

Phan tng chuyén hoa cacbon bang hoi nude duogc tién hanh voi lugng hoi
nudc dua vao di 16n so v6i luong hoi nude can thiét dé chuyén hod luong
cacbon. Tir phuong trinh can bang chat tong quat, ta c6 phuong trinh cin bing
chét cho mot cdu tir th i trong dong lién tuc:

a—? = —div (Ci@)+ div (Deffgde l.)+ z Vil (4.1)
)

Véi cdu tir chia khoa 1a H,O, (tic 1a i = H,0) ta c6:
oC

—81;20 = _div(CHzoa_j)"‘ div‘(DeffgrachZO )+ Z Vo (4.2)
J

V6i 10 phan tmg kiéu quay “khéng cé gradient” ta cé:

0Cy 0 _ 0Cy0 _ 0Cy.0 S (4.3)
ox oy 0z

0Cy 0

Khi hé dat trang thai 6n dinh: -

) (4.4)

Khi d6 can bang chét tong quat cia cau tir H,O la:
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—div{Cp @)+ Y vy, =0 (4.5)
J

Vo1 vinno = -1, ta ¢o: —div.(CHZOa"))— Tyo = 0 (4.6)
Tich phan phuong trinh (4.6) cho toan khong gian phan tng cua thiét bi:

[div(Cpo.@ ).V, + [Ryo.dV, =0 (4.7)

Vz Ve
Taco:V°.Cy,—VECho—ViRyo =0 (4.8) Hay: 5, —nf, ViR, =0 4.9)
Do vung phan tng cacbon — hoi nudc (H,O) chi xay ra trong ndi by cac
phan tir ciia pha ran ma thoi (phan tir cacbon), nghia la:

VR . RH20: VR . (Reff)VRHp: Mmc . (Re]f)mSHZO (410)
Vay phuong trinh (4.9) & viét thanh: 7}, o — 7, o =M. Ry )mE wo =0 (4.11)

Any o Ry,

Goi: §=—22 = Rz Tu (4.11) thu dugc: 7y Uy o —me.SR. =0 (4.12)

nec c

Vi phéan phuong trinh (4.12) ta c6:  7y0.dUy, , —S.R..dm. =0 (4.13)
Str dung md hinh gia dong thé, xem téc d6 phan Gng 13 ham liy thira ciia ndng
dd hoi nudc, ta co: Re=>v,or, =k.Cj (4.14)
Vi C,,=Ch,0-U,,) Nén:Re=k[c; (-v,,)f (4.15)

Thay (4.15) vao (4.13) rdi tich phan theo d6 chuyén hoa U, ,véi dicu kién

" £ , N-U,,) -1 ks
bién U¢, ,= 0, cudi cung ta co: 1 ( 1.0 = kimc (4.16)
2 CH20 a—1 R0

1 j it ol Uso) ™ 1]

Hay: k= ( o S (ar—1) = fla) (4.17)

Nhu vay, giai phuong trinh (4.17) tir cac sb liéu thuc nghiém bang phuong
phap ddng nhat thuc, s& xac dinh duoc hang sd toc do phan Gng kr va bic cla

phan irng a tai cac nhiét do da cho.

1V.1.2. Phwong phap tinh todn cdc dai lwong thuc nghiém
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Bac phan ung duogc chép nhan 14 trj sd o sao cho gia tri hﬁng sb van tdc
phan tmg k & moi diém do sai khac nhau 1a nho nhat, trong dé tir cac s6 liéu thuc

nghiém, dé giai phuong trinh (4.17) rd rang phai tinh toan va xac dinh duogc cac

dai lugng sau day:
® i ,-lugng hoi nude duge cap vao 10 phan Gmg, [mol/phut]

iy, o~ lugng hoi nudce di ra khoi 16 phan ing, [mol/phut]

.

e mc - khoi luong pha ran (cacbon) trong khong gian phan tng, [g]

e S -ty sd gitta luong hoi nudc va luong C di chuyén hoa, [mol
H,0/mol C]

e U,,-d0 chuyén hoa cua céu tir hoi nudce

IV.1.3. So d6 thudt todn xdc dinh bdc phdn vng a va hang sé k,

Mhip sd hdu

i=i+1

=10 =

h 4

ol =o,+1h
=l JF=1+4af
“an oo v GO ]

k(é’,i)=[czlo(j)] Smc (x()-1)

j=i+l

k4

ik@,;)
%y

v
kG, J)- T]

k

E =

ss it )= abs[

h 4

s=min = min [ss(3))
.

an kg, AE

.

End
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IV.1.4. Két qud tinh todn
Trén co sé khai thiac phan mém MATLAB va lap chuong trinh tinh toan

theo so dd thuat toan trén, da thu dugc cac thong $6 dong hoc cua phan ung:

1. Béc cua phan ing «: a =0,56

2. Yéutd va cham k,: k,=72,0 (Z:;Ch .(mOlf[zOJO’SGJ
3. Nang luong hoat hoa AE: AE = 11642.R = 96792, (ﬁj
4. Phuong trinh duong thang arrhenius: y=-11642.x +4,11
5. M6 hinh dong hoc: R, = 72,0.exp(— %}Cg’fg

IV.2. MO HINH HOA PONG HQC PHAN UNG CHUYEN HOA
CACBON BANG KHi CO,
IV.2.1. M6 ta phwong phdp tinh todn, xu ly cdc s6 ligu thwe nghigm xdc dinh
cdc thong so dong hoc cua phan rng

Nhu vay c6 thé dic trung qua trinh chuyén héa cacbon bang khi CO, &
trong h¢ br:ing mot van toc hiéu dung trung binh R . . biéu d6 cling c6 nghia la

xem thiét bi phan tng 1 thiét bi kiéu vi phan.

Tir thyc nghiém ciing c6 thé thdy rang, hé sd day cua thiét bi phan ung la
khong 16n va 10 quay pha ran duoc khuay tron manh c6 thé xem la dong déu.
Pha lién tuc (hon hop khi CO, va N,) da dugc hoa tron véi nhau trén mot quing
duong 6ng dai & nhiét d6 cao, van toc dong du 16n, s€ phan bd nhu déu trong
khong gian phan tng va c6 thé xem thiét bi phan ng 14 thiét bi khong gradient
— Thiét bi phan tng kiéu vi phan, v6i dong tac nhan 6xy hoa (hdn hop khi CO,
va N,) 1 lién tuc thi van tc ctia phan ung khong phu thudc vao thoi gian va
khong gian.

Goi luong cacbon co trong ving phan tng tai thoi diém ban dau t = 0 13 w,,

c6 van toc chuyén héa cdu tir cacbon s& 1a: R, = - dw(t) _molC (4.31)
w(t).dt \ g..phut
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Tich phan (4.31) tir w, dén w(t), ta co: - h{ s ] =Rt (4.32)
w

o

w.

o o

Khi d6 chuyén héa cta cacbon 14 thip, ta chap nhan: - ln( i J ~ 2T W o (4.33)

Vivdy: R, =" [ Bc j (4.34);  Hodc: R, =22~ ( ’”OZCJ (4.35)
Wt gc-phut Wt gc-phut

O moi mot nhiét do thi nghiém, luén xac dinh dugc cac gia tri R. tai cac diém

do va d6 1a mot ham sd Iy thira ciia ndng do khi CO,: R, =k(T).CZ,, (4.36)

Thay k(T) = ko.exp(— T

AE ) vao (4.38) ta c6: R, = k(T)CY, = ko.exp(— %jc

Bién d6i 2 vé ctia phuong trinh trén ta dugc: ln{ CRC J =In(k,) - % (4.39)

a
co,

Véi cac két qua thuc nghiém tién hanh phan tng ¢ 3 nhiét d6 khac nhau (820,
860 va 915°C) thiét 1ap duong thang Arrhenius ta c6 dugc hing sb k, va ning

luong hoat héa AE cua phan tng.

IV.2.2. Tinh todn va xi¢ ly cdc dai lwong tiv cdc 56 ligu thwe nghigm

1) Van tbc trung binh cta phan tung: R, =" ( molC } (4.40)
w,t \ gc.phut

2) Tinh luong cacbon d chuyén hoéa, theo phan tng: C + CO, — 2CO

Ham luong khi cacbon monoxyd trong dong khi 14y trung binh giira 2

< A J4 . X R 4 n + n
diém do, do do tai moi diém do ta c6: n. =n, —% (4.42)

. (e, —ne,)

3) Xay dung quan h¢ ham s6: ———>= 7(r) (4.43)
w

IV.2.3. So do thudt todn va thii tuc tinh todn xdc dinh bdc phdn teng va hing
so vdn toc phan urng k,

Trén co s& xac dinh van téc chuyén hoa cacbon trung binh bang thuc
nghiém nhu da trinh bay & trén, tiém can cac gia tri do duoc éy vO1 mo ta van

téc phan tng dang ham liy thira: R. =k,.C&, . Lap chuong trinh thut toan tinh
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hang sd van tdc phan tng tai mdi nhiét dd (k) va bac phan Gng o bang phuong
phap binh phuong nhé nhat theo cac budc sau day:

ny —n,

1) Tinh gia tri (1) 1a hé sd goc ciua dudng thang

=/

2) Gia thiét mot gia tri bac phan Gng «
3) Tur gia tri thuc nghiém R.(7) da tinh duoc & bude 1, tinh k(T) theo phuong
R.(T) .

- a
co,

trinh: k(7)=

Véi: Ceo,: ndng @6 trung binh cua khi CO, tai cac diém do
4) Vi it nhat 3 gia tri k(T) & 3 nhiét d6 khac nhau, xdy dung dudng thang
Arrhenius, tinh yéu t6 va cham k, va ning luong hoat héa cua phan tGng

chuyén hoa AE;
5) Thiét 1ap mo hinh ddong hoc:  Re(sinh) = ko.exp[— %).C;’Oz ;
6) So sanh Rc(tinh) véi cac Re(do duge) & tat ca cac diém do

7) R c(do dugc) = n(t_—nt) va tinh ¥ [Re(tinh) — Re(do duoc)]
Wo-llin =14

Quay tro lai bude 2, gia thiét gia tri «, tinh lai tat ca cac bude sao cho:
" [Re (tinh) - Re (do duoc)] dat gid tri nho nhét, khi d6 gia tri « dugc chap nhan.

So do thudt todn — xem hinh IV.2

1V.2.4. Két qua tinh todn
Trén co so khai thiac phan mém MATLAB va 1ap chuong trinh tinh toan

theo so do thuat toan trén, da thu dugc cac thong sé dong hoc cua phan tmg:

1. Béc cua phan ing « : a=0,47
2. Yéu té va cham k, ko= 1048,8 [’"O’C .(’""ICOZ j }
gc-ph /
3. Nang luong hoat hoa AE: AE = 15109.R = 125616 (LJ
mo

4. Phuong trinh duong thang Arrhenius: y =-15109.x + 6,955

Mo hinh dong hoc: R, = 1048,8-6Xp[— 12;6TI6JC3217
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Mhip =4 ligu

!

Xac dinh R (T

Hac dinh 4 AE

L 4

R

—-— —AE ==
R (T ) ar = Joo emp [—] T,

eps = S Ra(T)— RolTVas |

gps min = min [eps)

b

o g E

l

End

Hinh IV.2. So dé thudt todn xdc dinh bic phén irng  va hang sé k,

CHUONG V

TINH TOAN THIET Bl PHAN UNG CHUYEN HOA
CACBON BANG HOI NUGC

Tinh toan ciing nhu thiét ké thiét bi phan tmg héa hoc 13 thuc hién nhiém
vu thuc tién hoéa qua trinh chuyén hoa héa hoc vi nhitng diéu kién cu thé da c6
vao qui mo coéng nghiép nham san xuit dugc san pham voi ning suit yéu cau,
chat lugng cao nhat va gia thanh thap nhat c6 thé. Nhiém vu d6 ciing dong nghia
v6i viée chuyén qui mo ciia mot phan tmg héa hoc tir qui mo phong thi nghiém

vao qui mo cong nghi¢p mot cach chac chan va tin cdy.

Str dung cac két qua nghién ctru dong hoc & trén dé tinh toan thiét bi

chuyén hoéa cacbon bang hoi nudc theo cac budc nhu sau:
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e Lap va giai phuong trinh cin bang chit cho thiét bi phan tng 16 quay, tinh
toan céac kich thudc co ban (qui mo) cua thiét bi nham dat duoc mot ning
suat yéu cau;

e Lap va giai phuong trinh cin bang ning luong dam bdo cap ning luong
cho hé gém cac phan tng thu nhiét;

e Dua ra cac thong s6 cong nghé can thiét cho hoat dong 6n dinh cua 10
quay;

V.1. PHUONG TRINH CAN BANG CHAT CHO CAU TU CACBON
TRONG LO QUAY

Pé tién hanh tinh toan, st dung phuong trinh can bang chat cho ciu tir cacbon

trong hé toa do tru:

ap, 0(p..00,) O(p..wy) op. 1 op o°p
atc — 52 + 5R ®) 14D, [ 8R§ o 8RC +D,. azf+2vc,~-pc-R,Ceﬁ~-Mc (*)

V.2. GIAI PHUONG TRiNH‘CAN BANG CHAT CHO CAU TU
CACBON TRONG LO QUAY LAM VIEC LIEN TUC

Pé giai phuong trinh can bang chat (*) di véi cau tir cacbon trong 10 quay
lién tuc ta chdp nhan nhitng gia thiét sau:

pc
ot

=0

1) Thiét bi lam viéc 6n dinh (qua trinh phan Gng 1a 6n dinh)

2) Vit liéu rin (cacbon) chi chuyén dong theo hudng truc: wg =0
3) B6 qua hiéu tmg khuyéch tan nguoc (doc truc) va hiéu tng khuyéch tan
theo hudng kinh, nghia 1a: Dz = Dg = 0.

4) Trong 10 hoat hoa chi xay ra mgt phan ung sau: C + H,0O - CO + H,
Nhu vay, phuong trinh can bang chat cho cau tir cacbon chi con lai don gian nhu
d(pc-wy)
0= Fcz)

dz

sau : —R. .p.M

o PcMc
Trong dé: pc — Mat d6 cia cdu tir cacbon trong khong gian phan tng, [kg/m’] ;
oz — Van tdc dich chuyén cua cacbon doc theo truc 10, [m/phut] ;
R, _Van tdc chuyén hoa ciu tir cacbon, [kmolC/kgC.phut];
Mc — Khéi lugng mol cacbon, [kgC/kmol];

z— Toa do chiéu truc thiét bi chuyén hoa, [m];
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V.3. TINH THOI GIAN CAN THIET PE PAT PQ CHUYEN HOA Uc
QUI PINH

Sau khi tinh todn xdc dinh dwoc cdc théng sé co bén ciia 1o nhw sau:

1) Thoi gian chuyén hoa cacbon: Ten = 6 10 ;

2) Chiéu dai ving chuyén hoa cua 1o: L =23,50 m;

3) Puong kinh trong cua 10: D=1,10 m;

4) Thé tich ving chuyén hoa: V =22287 m’;

5) S6 vong quay thich hop cua 10 n = 1,78 vong/ phut;

V4. TINH TOAN CAN BANG NHIET CHO THIET B] PHAN UNG
CHUYEN HOA CACBON BANG HOI NUOC

Lap va giai bai todn cAn bang nhiét cho 10 quay hoat hoa voi cac thong sb

nhu trén xac dinh duoc ning luong tiéu hao can thiét 1a: 61 kg DO/ gio.

KET LUAN

Thong qua cong trinh cta lun an, xin duoc phép rut ra cac két luin sau day:

1. Céc nghién ctru thuc nghiém phan tng chuyén hoa cacbon trong than gao
dira 6t hAm bang hoi nuéc & cac nhiét do: 800, 850 va 900°C di cho san
phém cacbon hoat tinh c6 dién tich bé mat riéng: Sger = 950 <1510 mz/g;
chi s6 Tod = 886 + 1573 mgl,/g; hiéu suét thu hdi cacbon hoat tinh dén 65%

so v&i1 phan cacbon c6 dinh trong than nguyén li€u;

2. Cac nghién ctru thuc nghiém phan tGng chuyén hoa cacbon trong than géo
dira d6t ham bang khi CO, & cac nhiét do: 820, 860 va 915°C di cho san
phém 14 cacbon hoat tinh c6 dién tich bé mat riéng: Sger = 624 + 1163 mz/g;
hiéu suat thu hdi cacbon hoat tinh dén 75% so v&i phan cacbon ¢b dinh trong
than nguyén liéu;

3. Sau khoang 40 phut ké tir khi dua tac nhan hoat héa vao ving phan tng, hé
phan tng dat trang thai 6n dinh va c6 thé dic trung qua trinh bang mot van

téc phan tng hiéu dung trung binh;



24

4. Cac mau cacbon hoat tinh thu dugc tir phan tmg chuyén héa cacbon bang khi
CO, ¢6 dién tich bé mat riéng th:?ip hon mau cacbon hoat tinh thu duoc tir

phan tmg chuyén hoa cacbon bang hoi nudc ¢ cuing mot diéu kién nhiét do;

5. Trén co sé st dung mé hinh gia ddng thé va xem van toc tong thé cua qua
trinh c6 thé mo ta bang mot ham Iy thira don gian, dd thiét 1ap va giai bai
toan can bang chat cho cdu tir H,O d6i vai thiét bi phan tng thi nghiém va da
xéac dinh duoc cac thong sd dong hoc cua phan tng chuyén hoa cacbon bang
hoi nudc tir d6, da thiét 1ap duge mo hinh dong hoc hé phan tng chuyén hoa
cacbon bang hoi nudc theo van téc chuyén hoa ciia cdu tir cacbon nhu sau:

96792
Re = 72. exp (— Wj U s

6. Trén co so xac dinh van toc phan Gng trung binh chuyén héa cacbon bing
khi CO, va xem van téc d6 co thé duoc mo ta bé‘mg mot ham Illy thtra don
gian, da xu 1y cac s6 liéu thuc nghiém, tinh toan xac dinh duoc cac thong $6
dong hoc cua phan tng tir d6 thiét 14p duge mo hinh dong hoc hé phan tng
chuyén ho4 cacbon bang khi CO, theo van téc chuyén hoa cua cu tir cacbon

~ 125616) 07

s ~co, o

nhu sau: Rc=1048.8. exp(

7. Di thiét 1ap va giai cac phuong trinh can bang chat va cin bang ning lugng
d6i v6i mot thiét bi phan tng kiéu 16 quay chuyén hoa than géo dira bang hoi
nudc ¢ nhiét dd T ~ 1123°K (850°C), ning suat 1500 (tdn san pham/ndm) va
vo1 do chuyén ho4 cacbon yéu cau la Uc = 0,3, va da tinh toan xac dinh duoc

cac thong s6 co ban cua 10 nhu sau:

= Thoi gian chuyén héa cacbon: T ~ 6 gio;

= Chiéu dai viing chuyén hod ciia Io: L=2350m;

»  Puong kinh trong cua lo: D=110m;

= Thé tich vung chuyén hoa: V=22287m;

= S6 vong quay thich hop cia Io: n = 1,78 vong/ phut;

= Luwong dau DO cdn thiét: 61 kg DO/ gio;



