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Tom tit. Dioxide carbon (CO,) léng duogc sir dung nhiéu trong cong nghiép va doi séng. CO, dugc san
xuit chii yéu tir qué trinh 18n men (san xuat bia, rugu, nudce giai khat, con ethanol) hay tir qua trinh dét truc
tiép nhién liéu Diezen (DO), khi thién nhién (NG), tir qua trinh san xuét phan dam, hay tir viéc nung da voi
(CaCOs). Hién & Viét Nam, lwong CO; cung ng ra thi truong chwa dap tmg dugc nhu cau thuc té. Nham
g6p phan gia ting ngudn cung, nhém nghién ctru dé xuat thém mot giai phap san xuit CO; long tir 16 hoi
dbt nhién liéu sinh khéi (biomass). Két qua chinh trong nghién ctu trinh bay trong bai bao 1a da thiét ké va
ché tao dugc mot hé thdng san xuat CO, long qui md cong nghiép tir khoi cua 16 hoi dbt nhién liéu sinh
khéi. Hé thong thu hdi CO, ¢ niang suat 50 tin CO; long/ngay dém. Luu lwong khéi hat vao hé théng:
22.000-25.000 m3/h, nhiét d6 khoi vao hé thong: 42-45°C, luu lwong MEA: 65-70 m3/h, nhiét d6 binh hap
thu: 42-45°C, nhiét do binh giai hip: 115-125°C, &p suit hoi cap 3 bar(a), luu lwong hoi cip 6-7 tin/ gio.
Tinh ra lugng hoi tiéu thy cho san xuat 1 tin CO, trong khoang 2,8 - 3,2 tan hoi. Hé thong dap tung duoc
c4c tiéu chi v& mai truong san xuit CO; “xanh”, giam phét thai khi nha kinh, dap tng dugc nhu ciu CO,
long trong tuwong lai. Hé thdng c6 thé duoc ap dung cho cac 16 hoi dbt biomass cong suét lon.

Tir khoa. dioxide carbon, CO; long, 16 hoi, sinh khéi, san xuat CO, long

1. PAT VAN BPE

Dioxide carbon (CO;) léong dang dugc st dung rong rdi trong cac nganh céng nghiép khac nhau. Trong
cdng nghiép thuc pham chiing c6 thé sir dung 1am mdi chét lanh truc tiép hozc gian tiép (d4 kho), bo sung
tao gas cho do udng (bia, rugu, nudc giai khét), 1am mai chét chiét xuét thuc pham, CO ran con dung lam
lanh thuc pham tryc tiép trong xe tai lanh. . Trong cac nganh cong nghiép khac, Carbon long dugc sir dung
lam chat pha long trong phun son, gay nd trong cac mo khai théac than, khai thac dau mo, san Xuat phan
Ure, 1am moi chét khi cho cong nghé han va moi chat khi trong may lazer,... Trong doi séng, Carbon long
dugc dung trong c&c hé thdng chita chay, gdy mua nhén tao, tao khoi san khau, trong sinh hoc thi dugc st
dung dé nudi tréng thuc vat.

Céc ngudn san xuat CO, long bao gom tir qua trinh 1én men (ruou, bia, ethanol), tir ddt truc tiép nhién
liéu dau (DO), khi tw nhién (NG) va tir cac nguon khac nhu 16 nung véi,... Khi CO, phéat sinh tir nhiéu nguon
khéc nhau trong hoat dong cuia con ngudi, duoc chia thanh ba nhém chinh theo ndng d6. Ngudn c6 nong
do CO; cao bao gom cac qua trinh san xuat Amoniac, Methanol, Bio-Ethanol (nhién liéu sinh hoc), héa dau
Va nau bia. Ngu0n co nong do CO; trung binh chu yéu tir khi sinh hoc (Biogas) va 10 nung voi. Trong khi
do6, cac ngudn c6 nong d6 CO, thap gdbm kh0| tir 16 hoi, 10 xi mang, 16 luyén kim va 10 dét.

Céc cong nghé thu hdi CO;, co ban bao gdm bén giai doan: thu gom khi chtra CO», tach tap chit va loai
bo hoi am, 1am giau khi CO,, va héa long dé luu trit hodc sir dung. Nhiét can cho giai hap phu thudc vao
nhiéu yéu té nhu ndng d6 CO; trong khi, ndng d6 dung dich MEA, luu luong dung dich MEA, nhiét do/ap
suét thap giai hap, nhiét do thap hap thy. Mot s6 nha san xuat da cho biét nhién li¢u dau DO tiéu hao cho
qua trinh san xuat khoang 304 kg cho san Xuét 1 tan CO, [1-5]. Thong thuong, chat long hitu co chon loc
va 4p dung nguyén ly hé thdng hép thu - nha, si dung moi chat 1a monethanolamine (MEA),
methyldiethanolamine (MDEA), triethanolamine (TEA), va 2-amino-2-methyl-1-propanol (AMP). Trong
d6 MEA dugc sir dung nhiéu do dé diéu ché va ré. Cac tinh chat nhiét dong cia monoethanlonamine (MEA),
3-piperidinemethanol (3PM) va hdn hop ctia chiing dugc xem xét trong nghién cau & tai lidu [6]. Thuc
nghiém xac dinh téng lwong nhiét can dé giai hap CO; tir dung dich MEA véi luu lugng va nong do khac
nhau va xac dinh ¢c6 mét luu lwong téi wu va khoang néng dd6 MEA t6i wu. Tdng ning lwong can cho 3
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thanh phan trén dao dong tir 4.260.000kJ/tan CO, dén 9.500.000kJ/tAnCO; [8]. Mot s6 tai liéu khac dua ra
nhiét can thiét trong khoang 3.600.000-3.800.000kJ/tin CO, [11-13]. Str dung mé hinh hda véi dung dich
MEA c6 nong do 35%KI., lugng nhiét can 1a 4.596kJ/kg CO; [10]. Khi st dung hoi, trong thuc té van hanh
do sy thay doi nong d6 dung dich MEA nén can nam trong khoang 2,41-3,33 tin hoi cho san xuat 1 tan
CO2 long [14].

Theo hiéu biét cua tac gia, tai Viét Nam, hién chua c6 tai liéu nao dé cap dén viéc san xuat CO; long qui

mo cong nghiép tir khoi 16 hoi dét sinh khdi (biomass). Néu thu hdi duge CO, trong khéi 16 hoi biomass dé
sir dung lai thi day s& 1a CO; “xanh” va c6 muc tiéu kép: giam nhién liéu héa thach (dau DO, Gas), giam
phat thai CO, ra méi truong gop phan giam phat thai khi nha kinh, chéng bién doi khi hau. Ngoai ra phuong
an nay con tan dung dugc nguon nhiét cua 10 hoi ¢é sin. CO; long san Xuat ra co chat lugng dam bao cho
su dung trong cong nghiép va tiéu dung twong dwong nhu san Xuit tir cac nguon khéc.
Trudc nhu cau sir dung CO; long vao cac nganh nghé khac nhau ngay cang gia tang, tac gia bai bao thuc
hién mot nghién ciru vé kha nang san xuat CO, long tir 16 hoi @6t nhién liéu sinh khdi nham thay thé viéc
san xuit CO2 léng tir viéc d6t nhién lidu hoa thach. Nghién ctu tap trung cho viée xac dinh céc chi s6 co
ban dé san xuat CO; long tir khi thai ctia 10 hoi tir viée dbt nhién liéu sinh khéi, thay thé nhién liéu hoa
thach.

2. VAT LIEU VA PHUONG PHAP
2.1. So' @b cong nghé san xuat CO; léng tir nhién ligu DO/NG

Céc cdng nghé san xuit CO; l6ng tir cac hé thdng @t nhién lidu long/khi di dugc nghién ciu va thuong
mai hoa tir 1au. So d6 nguyén ly hé thong duoc trinh bay trén Hinh 1 [3,4]. Nhién liéu (DO, NG) duoc dot
trong budng dét ciing véi khong khi dé tao khi CO,. Budng dot ciing két hop dé lam thiét bi tai soi (reboiler)
str dung cho qua trinh nha hip. Khéi sinh ra c6 nong do CO. twong ddi thap s& duoc lam ngudi, sau d6 duoc
tach tap chat nho thap rira va tiép theo 1a di vao binh hap thu. Tai binh thap thu khi CO; s& dugc mdi chat
hap thu chon loc, cac khi con lai s& dugc xa thai ra méi truong. Sau khi hap thu mdi chat s& duoc cho di
qua thap nha hap thu va giai phéng khi CO.. Qua trinh giai phong khi CO; ra khoi méi chat can c6 ning
lwong nhiét va duoc lay tir qua trinh d6t chay nhién liéu ban dau nho thiét bi tai s6i. Khi CO, sau d6 duoc
lam mat, tach am, nén, 1am sach va héa long. San pham CO; long dugc chira trong binh va dugc cap dén
noi tiéu thy. Trong san xuat CO; long tir nhién liéu thi chi phi 16n nhat 1a chi phi cho nhién ligu. Tiéu hao
nhién liéu DO khi san xuét 1 tin CO, theo haing COMTECSWISS 1a 340 kg [1], s liéu cua hdng ASCO la
349kg [4]. Nghién ctru tap trung cho tinh todn quan hé can bang gitra luong nhiét toa ra cua nhién liéu véi
luong nhiét can thiét cho qua trinh trén co s& mot don vi san pham COs.
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2.2. Nong d9 CO, trong khéi khi dét nhién ligu khac nhau

2.2.1. Dot nhién ligu sinh khoi (biomass) i i o ,
Nhié‘n Iié’u sinh khoi thuong str dupg trong 10 hoi la g6 bam, mun cua, bot go, vién go, trau vién, trau roi.
Nguon goc chinh la canh cay va trau. Thanh phan nhién liéu sinh khoi ¢ diéu kién lam viéc (lv) thuong sir
dung duoc cho trong Bang 1 sau day.

Bang 1. Phan tich thanh phan nhién li¢u biomass

Thanh phan | Carbon | Hydro Nito Oxy |Lwuhuynh| Do tro b6 am | Nhiéttri
Ky hiéu Cw Hiv Ny Ow Siv Aw Wiy QY
Don vi %ka/kg | Y%ka/kg | %ka/kg %ka/kg %ka/kg %ka/kg | %kag/kg | kJ/kgNL

Go 39,60 5,20 0.32 34,40 0,00 0,48 20,00 14.500
Trau 37,13 4,12 0,35 3,16 0,05 17,75 9,00 13.600

Ghi chi: Cac thong so phén tich thanh phan do tac gia thuc hién, rrong truong hop diing sinh khoi goc go c6 dg am
kh&c trén thi phdai tinh qui doi vé do am thuc.

Theo tai liéu nguon [6], dbi véi nhién liéu rin co thé tinh duoc cac théng s6 tir Bang 1 theo cac biéu thirc
sau:
Khong khi ly thuyét can dé @6t chay 1 kg nhién liéu:

Vios = (1,866Cr + 5,60Hy + 0,70Sy, — 0,7001,)/0,21; Nm®/kg Q)
- Khéng khi thuc té can cap:
Viks = N*Vikos; NmM3/kgNL; 2)

vai n: hé s6 khong khi thira (n>1)
- Luong CO; sinh ra:

Vc02=1,866*Cyy; Nm3/kgNL (3)
- Luong SO; sinh ra:
Vs02=0,70*Sy; Nm#/kgNL (4)
- Luong H;0 sinh ra:
Vo= 11,20Hy + 1,24Wy; Nm3/kgNL (5)
- Luong N trong khoi:
Vo= 0,79n*Vi, + 0,008Ny; Nm3/kgNL (6)
- Luong O trong khoi:
Vo2 = 0,21(n-1)*Vikos; Nm3/kgNL @)
Tur day xac dinh
e Nong do CO, trong khoi kho:
Vcoz .
. Ceoz = Vcoz+Vsoz+Vnz+Voz' %ovol. ®)
e Nong d6 O, trong khéi khd
Vo2 .
Coz = Vcoz+Vsoz+Vnz+Voz' %ovol. ©)

Két qua tinh toan nong d¢ khi CO, va O trong khéi phu thudc vao hé sb khang khi thira dugc cho trong
Bang 2. Nhién ligu gé duoc lay c6 do am 20%.

Bang 2. Két qua tinh nong 46 CO, va O, véi hé sb khong khi thira khac nhau

Don vi Giatri
HS KK thira - 15 16 17 18 19 2,0
Go 0, %mol/mol | 6,08 6,89 7,61 8,27 8,85 9,39
CO, %mol/mol | 11,34 | 10,71 10,14 9,63 9,17 8,75
Trau 0, %mol/mol | 6,21 7,03 7,76 8,42 9,01 9,54
CO, %mol/mol | 12,20 | 11,50 | 10,88 | 10,33 9,82 9,37

Ghi cha: Nong dé tinh cho khéi khé, do bang thiét bi do khéi thai cong nghiép
D4 thi su phu thudc ndng do vao hé s6 khong khi thira dugc cho trén Hinh 2. Tir day thay rd, ndng do CO;

trong khoi thai phy thudc vao hé s6 khong khi thira, néu hé s6 khong khi thira cang lon thi nong do CO;
cang nho. Véi cac 10 hoi trong cong nghiép dot biomass, hé so khdng khi thira nam trong khoang 1,6-1,8
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nén nong do CO, nam trong khoang 9,5-11,5%vol. Khi dét trau thi ndng do CO; Ién hon khi dét gd o ciing
hé so6 khong khi thura.

No6ng do khi thanh phan phu thudc hé s6 khong khi thira
khi dot biomass
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Hinh 2. Nong d6 khi phu thugc khdng khi thira dt biomass
222.P6tdduDOVaNG
Dau DO c6 thanh phan nguyén t6 cho trong Bang 3 sau: o
Bang 3. Phén tich thanh phan nguyén t6 dau DO [16 7
Thanh phan| Carbon | Hydro Nito Oxy [Luuhuynhl Botro | Boam | Nhiéttri
K)'/ h|éu Cw Hiv Niv Ow Sw Ay Wy Qtlv
bonvi | %ka/kg | %ka/kg | %kg/kg | %kglkg | %kg/kg | %kg/kg | %kg/kg | kJ/KgNL
Gia tri 86,00 | 13,40 0 0 0,60 0 0 43.040

Tir bang phan tich thay rd thanh phan caa dau cha yéu la Carbon (C) va Hydro (H), c6 ciu trdc phan tir 1a
CxHy. Ngoai ra con c6 it Luu huynh. Nong d6 khi CO; va O; trong khoi khé ciing duoc xac dinh theo cac
cong thuc giéng truong hop dbt nhién lidu biomass ¢ trén. Di véi khi thién nhién (NG), thanh phan thé
tich khi cho trong bang sau (theo phén tich khi NG cua Viét Nam cua tac gia)

Bang 4. Phan tich thanh phan khi thién nhién NG [16]
Thanh Carbon Methan Ethan Propan Butan Nito Do Nhiét
phan Monoxide tro tri
K)’/ hiéU CcO CH4 CzHe C3H8 C4H10 N> A Qv
Don vi %mol/mol %mol/mol | %mol/mol | %mol/mol | %mol/mol | %mol/mol - kJ/Nm3
Giatri 0,063 84,78 13,07 1,49 0,20 0,37 0 40.410

Tinh qui ddi ra thanh phan khéi luong, dugc: C=75,90%; Hi=23,47%; Nw=0,57%; O,=0,05%; khdi
luong riéng cua khi: 0,82kg/Nm3; nhiét tri thap lam viéc: Q¢ = 43.952kJ/kg. Khi dét khi NG, c6 thé xéac
dinh céc thong s tinh cho 1 m?3 khi ¢ diéu kién chuan (Nm@) theo céc biéu thic [6]:

- Khong khi thuc té can:
Vik = I’]*ka,o, Nm3/Nm3 X
v6i n>1 1a hé s6 khong khi thira
- Lugng CO; sinh ra:
Vo2 = CO+CH4+2*C,yHe+3*C3Hg+4*C4H1o; Nm3/Nm?3
- Luong hoi nudc sinh ra:

Khong khi Iy thuyét cho @t chay hoan toan 1 Nm? khi NG:
Viko = 1/0,21*%(0,5*CO+2*CH4+3,5*C,Hg+5*C3Hg+6,5*CsH10), Nm3/Nm?

(10)

(11)

(12)
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Vh2o: 2*CHy+3*C,oHg+4*C3Hg+5*C4H1o0; Nm3/Nm?3
- Luong N trong khoi:

Ve = N2+0,79*ka,0+(n-1)*0,79*ka; NmS3/Nm?3
- Luong Oxy trong khoi:

Vo2 = (n-1)*0,21*Vik; Nm3/Nm?

Tu day xac dinh:
. Né)ng d6 CO; trong khéi kho:
— Vcoz .0
‘ CCOZ Veos+VnatVop * 100; Yovol.
e Nong do O, trong khdi kho:
— Vo2 .0
Coz VeortVaatvor © 100; %vol.

(13)
(14)

(15)

(16)

(17

Két qua tinh toan cho khoang hé sé khdng khi thira dét voi bo dét cong nghiép cho trong Bang 5:

Bang 5. Két qua tinh nong do CO, va O, khi d6t dau DO, khi NG

b. vi Gia tri
n - 1,08 | 11 | 112 | 1,14 | 1,16 | 1,18 | 12 | 122 | 1,24 | 1,26
Dig | O2 | %vol | 145 | 178 [ 209 | 240 | 270 | 2,99 | 327 | 354 | 380 | 4,06
DO | co, | wvol | 1223 | 12,02 | 11,82 | 11,62 | 11,43 | 11,25 | 11,07 | 10,89 | 10,73 | 10,56
khi | O2 | %vol | 1.84 | 229 [ 273 | 317 | 359 | 4,01 | 442 | 483 | 522 | 561
NG | co, | %vol | 11,06 | 10,80 | 10,54 | 10,29 | 10,04 | 9,80 | 9,56 | 9,33 | 9,10 | 8,88

Do thi sy phu thudc nong d6 khi CO2, O trong khdi thai phu thudc hé s6 khdng khi thira khi dot DO va NG
dugc cho trong Hinh 3. Véi b dot cong nghiep, hé so khong khi thira nam trong khoang 1,1-1,2 nén nong
d6 khi CO; trong khéi khd nam trong khoang 9,8 — 11,8%vol. Khi dot dau DO thi nong d6 khi CO- cao hon

s0 V6i dét Gas ¢ cling hé sé khong khi thira.

So sanh Hinh 2 va Hinh 3, thiy rang nong d¢ khi CO trong khi thai kho khi dét biomass khong khéc
nhiéu so vai khi dot dau hay Gas. Va nhu vay hoan toan cé thé dung khoi cua 16 dot biomass thay thé khdi

cua 16 d6t DO hoidc NG dé thu hdi khi CO..

Néng d6 khi thanh phan phu thudc hé sé khdng khi thira

14,00 khi d6t DO va NG
°
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Hé 56 khong khi thira n, -
Hinh 3. Nong do khi phu thuoc khong khi thira, d6t DO/NG

2.3. Ning lwong cho thu héi CO;

Dé tach khi COz ra khoi khoi, thong thuong, ngudi ta sir dung chat long hitu co chon loc va ap dung Nguyén
ly ciia hé théng hap thy - nha hap nhu so d6 trong Hinh 4 [8-10]. Mdi chat sir dung trong vong tuan hoan
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thuong c6 géc amine la MEA: monoethanolamine C,H,NO, MDEA: methyldiethanolamine
CH3sN(C2H40OH),

+ TEA: triethanolamine C¢H1sNOs, AMP: 2-amino-2-methyl-1-propanol C4H1:NO. Trong d6 MEA dugc
sir dung nhiéu do d& diéu ché va ré. Khoi sau khi 1am sach tap chat va khi khi SO s& dugc dua vao thap
hap thy. Tai day, dung dich c6 nhiét do thap (35-40°C) duoc tudi tir trén xubng, tiép xdc véi khoi va hap
thu khi CO,, sau d6 dung dich duoc bom qua thap giai hap (nha hap) va giai phong khi CO ra khoi dung
dich. Thap gidi hap lam viéc ¢ nhiét d6 cao >100°C nén dugc cap nhiét bang thiét bi tai sbi. Nhiét can cho
giai hap dugc cau thanh tir 3 thanh phan chinh, gém nhiét hap thu CO, trong dung dich, nhiét hi¢én nang
nhiét do dung dich, nhi¢t hoa hoi nuéc trong dung dich. Ngoai ra con nhiét ton that ra moi truong chiém
khoang 2-5% lugng nhiét cap. Nhiét can cho giai hap phu thugc vao nhiéu yéu té: nong d¢o CO, trong khi,
nong d6 dung dich MEA, luu lugng dung dich MEA, nhiét do/ap suét thap giai hap, nhiét do thap hap thy.
Nhiéu tac gia da lam thi nghiém va tinh toan mé hinh hdéa dé xac dinh nhiét tiéu thu cho dua ra cac két qua
khac nhau.
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Hinh 4. So d6 nguyén ly qua trinh thu hdi CO; trong khoi

X. Li [8] 1am thuc nghiém xac dinh tong lugng nhiét can dé giai hap CO; tir dung dich MEA véi luu lugng
va nong do khac nhau va xac dinh c6 mot Iuu luong tdi wu va khoang néng d6 MEA t6i wu. Tong ning
lugng can cho 3 thanh phan trén dao dong tir 4.260.000kJ/tan CO, dén 9.500.000kJ/tin CO,. Luu lugng
CO; tang khi luu lwong MEA ting nhung ciing tiéu hao nhiét nhiéu hon. Thi nghiém xac nhan ndng do
MEA t6i uu khoang 30%KI. Trong khi d6, K. Li [10] tinh md hinh héa véi dung dich MEA ¢6 nong do
35%Kkl. lugng nhiét can 1a 4.596kJ/kg CO.. T4c gia ciing dua ra ti 1¢ tiéu hao nhiét cua 3 thanh phan trén
nhu sau: nhiét hap thu chiém 47,24%, nhiét hién chiém 35,14% va nhiét hoa hoi nudc chiém 17,62%. Ngoai
ra, tac gia ciing xac dinh anh huong ciia ndng do MEA khi tang tir 25% 1én 40% s& lam giam nhu cau nhiét
cua 10 tai s6i 14% do giam lwu lwong dung dich dan dén giam nhiét hién. Tuy nhién ¢ ndng d6 MEA cao,
su phan huy MEA do O trong binh hép thu ting nén s& phai chAm thém MEA nhiéu hon [15]. Mét s6 tai
liéu khac dua ra nhiét can thiét trong khoang 3.600.000-3.800.000kJ/tin CO; [11-13]. C4c thi nghiém trong
phong thi nghiém xac dinh néng d6 dung dich MEA t6i uu khoang 30-35%kI thi tiéu thu nhiét khoang
4.600.000kJ/tan CO; (chua ké ton that ra méi truong. Trong thuc té van hanh hé thng san xuat CO; long,
tiéu thu nhiét phu thudc nhiéu yéu té trong d6 cha yéu la ndng do dung dich MEA va luu lwong cua né khi
vao thap giai hap. Trong qua trinh hoat dong, nong d6 ciia MEA giam do mét phan bi oxy héa trong thap
hap thy, mot phan bi phan huy trong thap giai hap, néu khdng cham thém MEA Kip thoi thi tiéu hao nhiét
s& tang lén. Thyc té, nhiét can co thé dao dong tir 5.230.000 — 7.200.000kJ/tan CO, [14]. Trong tinh toan
dudi day chon tiéu hao nhiét trung binh 1: Qco, = 6.200.000kJ/tan COs.

2.4. Phuong an thu hdi CO tir khéi 10 hoi ddt biomass

2.4.1. So sanh wu nhwoc diém ciia 2 phwong 4n ding dau DO/Gas va Biomass
Phuong 4n ding dau DO/Gas
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- COj; san xuét ra tir nhién liéu hoéa thach
- Thiét bi don gian, gon nhe, c6 thé ché tao thanh khéi rdi dem di 1ap tai noi sir dung
- Trong khéi khong c6 bui hoac rat it nén giam dau tu cho phan xu 1y khoi ban dau
- Két hop 10 tai s6i véi 1o d6t nén yéu cau diéu khién qué trinh chay cao, tranh nhiét ¢ dung dich
cao hon yéu cau
- Chi phi ning lugng cao do tiéu hao dau/gas cao.
- Tilé thu hdi CO; trong khéi cao.
Phuong 4n dung 16 hoi Biomass
- Thuong st dung 10 hoi d6t nhién liéu biomass ¢6 sin trong céng nghiép
- CO; san xuat ra tir Biomass nén c6 san pham la CO, “xanh”
- Thiét bi phtic tap hon, két hop vai 10 hoi biomass c6 san
- Thu hdi COtrong khéi 16 nhur di phan tich & phan 2, can ¢6 thé hé thng rira sach bui trong khoi.
- Sir dung Lo tai s6i dung hoi bdo hoa nén van dé diéu chinh gitr 6n dinh nhiét d6 s& d& dang hon.
- Chi phi ning lugng thip do sir dung Biomass ré hon dau/gas nhiéu.
- Tilé thu hoi CO; trong khéi thap hon
- Trong truong hop dung trau, thanh phan Luu huynh trong trau 6 thé anh hudng dén tudi tho cua
MEA
2.4.2. Tinh céc chi tiéu can thiét khi thay thé dau DO bang Biomass:

+ Tir phan g chay carbon: C + O, > CO, ¢6 thé tinh lugng CO; sinh ra:

Mcoz = 44/12*Cyy; kgCO2/kgNL (18)

+ Luong nhién liéu can dé sinh ra 1 tin CO; trong khoi:
M1 = 1000/mcoz; kgNL/tan CO, (19)

+ Luong nhiét sinh ra twong &ng vai phat sinh 1 tan CO2 trong khéi thai dugc xac dinh theo cong thic:
Q1= Mni1* QY (20)

Két qua tinh toan tir cac cong thirc (18)->(20) cho 4 loai nhién lidu da phan tich dugc cho trong bang 6

Bang 6. Két qua tinh lwong nhién li¢u va lugng nhiét khi dét sinh ra 1 tin CO,

Iv
Loai nhién ligu k?/tkg kg/EIgVNL Mcoz kgCO2/kgNL ngMSéLﬁlcoz kJ/téSllCOz
G& (W20%) | 14500 | 0,3960 1452 688.7 9.986.226
Tréu 13.600 | 0,3700 1357 7371 | 10.024570
dAu DO 43.040 | 0,8600 3,153 3171 | 13.649.049
Khi thién nhién | 43.952 | 0,7590 2,783 3503 | 15.793.029

+ Tiéu hao nhién ligu dau DO cho san xudt CO sir dung so d6 Hinh 1 cua h¢ théng ding dau DO dugc
nha san xuat cung cap /1,2,3,4/ la Mpo,in=340kg/tan CO..
+ Luong CO; thu hoi trong khoi thai s€ dat ti 1€ theo cong thurc:

M
Ncoz,po = M;OL; *100% (21)

= 331561 x100% = 93,27%

+ Luong nhiét tiéu tén dé thu hdi 1 tin CO; Ia:
Qcozp0th= Mpomn * Qi"; ki/tin CO; (22)
= 340*43.040 = 14.633.600kJ/tin CO>;
+ Hiéu suét nhiét khi dung dau DO duogc xac dinh bang lwong nhiét can thiét chia cho lwong nhiét cap khi
san xuat 1 tin CO, theo cong thirc:
Mo th = go—x 100% (23)

Qcoz,po,th

_6.200.000 o _ 0
= 14.633.600 100% = 42,4%

Nhu vay lugng nhiét that thoat ra moi truong hon 50%, qua khoi thai va thap giai nhiét.
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Khi sir dung 16 hoi d6t biomass, do c6 sin hoi bdo hoa nén ¢ thé thiét ké 10 tai sbi gia nhiét bang hoi bao
hoa.

+ Luong hoi can cip trung binh cho 10 tai s6i c6 thé tinh tir lrgng nhiét can cho san xuit 1 tin CO; theo
cong thuc:

Mpo; = 2222 :kg hoi/tin CO; (24)
_6.200.000 kghoi tdn hoi
T 21635 2.870 tdn CO2 2,87 tin CO2

Trong d6 r = 2163,5kJ/kg 1a nhiét 4n cua hoi ¢ ap suat 3 bar(a)

Trong thyc té van hanh do sy thay doi nong d6 dung dich MEA nén can nam trong khoang 2,41-3,33 tan
hoi cho san xuat 1 tan CO; long /14/.

+ Tiéu hao nhién liéu biomass cho 1 tin hoi tinh theo cong thuc:

mp;o = S2¢) - kgNL/tan hoi (25)

QM nLu
Trong d6 i” = 2756,1kJ/kg 14 enthalpy ctia hoi bdo hoa & &p suit 6 bar(a)
inc = 334,4kJ/kg la enthalpy ctia nude cp vao 16 hoi
NuH = 78% la hiéu suét 16 hoi d6t biomass (lay gia tri thap)
+ Luong nhién lidu tiéu hao tuong &tng cho 1 tan COy:

MBiO = Mpgjo * Mho'i; ngL/tén COZ (26)
+ Luong biomass phai dét thue dé thu hdi duoc 1 tin CO, s 1a:
Megiot=MnL1* Ncoz,gio ; KgNL/tan CO, 27)

Trong d6 Ncoz.sio - ti 1& thu hdi CO2 trong khai thai khi d6t biomass, ldy = 90%
+ Lugng hoi sinh ra khi d6t Mg trong tng véi thu hdi 1 tin CO, sé la:

Mpoic = 224 thn hoi/tin CO, (28)
Bio
+ Luong hoi du khi so sanh véi luong hoi ¢in Mhid:
AMhgid =Mhoit -Mhoi ; tan hoi/tan CO, (29)
+ Ti € du hoi la:
B =24 4 100% ; % thn hoi du/tén hoi san xuét (30)
hoi,t
+ Ti 18 chi phi nhién liéu khi sir dung biomass va dau DO tinh theo cdng thic:
_ GcozBio o/ — Mbio,th*dBio 0
BNL = Goorne * 100% = Jmasto e *‘100/0 ‘ (31)
Trong d6 gid biomass: ggir=2000d/kg; gia dau DO: gpoo= 26.000d/kg (dau DO: 22.000d/1it;
0,84kg/lit)

Két qua tinh toan tir cac cong thirc (25)-(31) cho trong bang 7 duéi day
Bang 7. Cac dai lugng co ban khi sir dung biomass dé san xuat CO,

bai luong Maio Magio Maio,th Mhoit B OnL
. kgNL/tan | kgNL/tan | kgNL/tin | tan hoi/tan o o
bon vi ho CO, CO, CO, % %
Loai | G 20%W 214,1 613,6 765,2 3,57 19,8 17,2
biomass | Triu 229,6 658,1 819,0 3,57 19,6 16,6

Két qua tir Bang 7 cho thay, luong nhién liéu biomass d6t dé cd thé thu hoi 1 tin CO, trong khéi s& cung
cap lugng nhiét Ién hon so vai nhu cau, lugng nhiét nay tich trir dugi dang thé ning cua hoi va chiém dén
gan 20% luong nhiét cip. Néu 16 hoi dang cap nhiét cho ho tiéu thu hoi thi khi thu hdi CO, cin nhu cau
thém hoi cho 10 tai sdi, ning suat 10 hoi phai tang thém. Dong thoi, khong thé thu hdi hoan toan CO, trong
khoi 10 hoi biomass dang hoat dong. Vé mit chi phi nhién liéu cho san xuat CO;, khi dung biomass chi
bang khoang 17% so véi khi ding dau DO, chi phi van hanh c6 cao hon nhung tdng thé sir dung biomass
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van s& kinh té hon nhiéu. Céc dai lugng co ban khi sir dung 2 loai biomass (g6 20%W va trau) la khac nhau
khong dang ké.

3. KET QUA VA BAN LUAN

3.1. So d6 cong nghé hé théng san xuat CO; léng tir 10 hoi biomass

So db hé thdng san xuat CO, long tir 10 hoi biomass duoc thiét ké nhur Hinh 5. Trong so d0, sir dung mot
phan hoi caa 16 hoi c6 sin dé cap cho 16 tai s6i. Khéi 10 biomass duoc trich ra 1 phan nho quat cap, cho di
qua thiét bi xtr 1y so bo dé loai bo bui con lai va khi doc hai. Cac thiét bi khac vé co ban giéng nhu so db ¢
Hinh 1. Mot s cac yéu cau thém khi sir dung khoi 16 d6t biomass, nhur 1a can hé thong tach tro bay trong
khai thai 1o dt biomass do thanh phan tro trong nhién liéu 16n hon so véi trong dau, nhat 1a khi sir dung
trau (Bang 1). Khi d6t trau, thanh phan Luu huynh S cao (Bang 1), trong khoi s& phat sinh khi SO, va hoi
axit H,SO4, nhitng thanh phan nay khi tiép xdc véi MEA s& 1am phan hay va giam tudi tho caia MEA. Can
phai c6 hé thong loai bo khi ¢ lIuu huynh trong khéi. Nong do Oxy trong khéi 10 biomass 16n hon trong
khoi 16 d6t dau DO/Gas nén kha niang lam phan hiy MEA nhiéu hon, can kiém tra va cham MEA nhiéu
hon vao hé thong.
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Hinh 5. So d6 nguyén ly hé thdng san xuat CO; long tir 10 hoi biomass

96



Téac gia: Nguyén Thanh Quang

3.2. Két qua tinh toan ap dung trong thuc té

Hé thdng san xuat CO, héa long tir khéi 16 hoi d6t nhién liéu biomass trinh bay trong bai bio da dwoc chinh
tac gia bai béo hién thyc hoa tai Cong ty Pau tu Cong nghiép Xuit nhap khau Péng Duong c6 dia chi lip
dit tai khu cong nghiép My Xuan A, tinh Ba ria-Viing tau c6 ning suét 50 tin CO; long/ngay dém. Thong
s6 chu yéu cua hé théng nhu sau [16]. Luu luong khéi hit vao hé thng: 22.000-25.000 m3/h, nhiét do khoi
vao hé thong: 42-45°C, luu lugng MEA: 65-70 m3/h, nhiét do binh hip thy: 42-45°C, nhiét d6 binh giai
hap: 115-125°C, &p suat hoi cap 3 bar(a), luu luong hoi cap 6-7 tan/ gio. Tinh ra lugng hoi tiéu thu cho san
Xuat 1 tan CO, trong pham vi 2,8 - 3,2 tan hoi. M6t s6 hinh anh cua hé théng da hoan thién (Hinh 6-9).

Hinh 8. Phong didu khién

4. KET LUAN

Bai béo trinh bay két qua nghién ctru san xuat CO, long tir 10 hoi ddt biomass thay cho san xuat tir dau
diezen (DO) hoc khi thién nhién (NG). Két qua dat duoc cho thiy, nong do CO, dat dugc khi dot dau DO
1a 12,23 % dén 10,56 %, tmg véi hé sé khong khi thira tinh toan tir 1,08 dén 1,26. Déi voi khi ty nhién
(NG), ndng do CO; dat duoc 1a 11,06 % dén 8,88%. Luong nhién liéu biomass ddt dé c6 thé thu hoi 1 tan
CO, trong khéi s& cung cip luong nhiét 16n hon so voi nhu cau, lugng nhiét nay tich trit dudi dang thé ning
cta hoi va chiém dén gan 20% luong nhiét cap. Hé thdng thu hdi CO. duoc tinh toan thiét ké, di vao van
hanh thyuc té c6 nang suat 50 tin CO, long/ngay dém, ¢ luu lugng khéi hit vao hé thong: 22.000-25.000
m?3/h, nhiét d6 khéi vao hé théng: 42-45°C, luu lwong MEA: 65-70 mh, nhiét d6 binh hap thu: 42-45°C,
nhiét do binh giai hap: 115-125°C, 4p suat hoi cip 3 bar(a), luu lugng hoi cap 6-7 tan/ gio. Tinh ra lugng
hoi tiéu thu cho san xuét 1 tin CO, trong khoang 2,8 - 3,2 tin hoi. Két qua dat dugc tir nghién ctru 13 co s
c6 thé duoc p dung cho cac 10 hoi d6t biomass cong suat 1on.
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STUDY ON PRODUCING LIQUID CO: FROM BIOMASS-FIRED BOILERS AS A
REPLACEMENT FOR FOSSIL FUELS
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Abstract. Liquid carbon dioxide (CO,) is widely used in industry and daily life. CO; is primarily produced
from fermentation processes (such as in beer, wine, soft drink, and ethanol production) or from the direct
combustion of diesel fuel (DO), natural gas (NG), nitrogen fertilizer production, and from the calcination
of limestone (CaCQs). Currently, in Vietnam, the supply of CO; to the market does not meet actual demand.
To help increase supply, the research team proposes an additional solution for producing liquid CO, from
biomass-fired boilers. The main result presented in this paper is the design and fabrication of an industrial-
scale liquid CO- production system from the flue gas of a biomass-fired boiler. The CO; recovery system
has a capacity of 50 tons of liquid CO; per day and night. Flue gas flow into the system is 22,000-25,000
m3/h, with an inlet gas temperature of 42-45°C. The MEA flow rate is 65-70 m3/h, the absorber column
operates at 42-45°C, and the stripper column at 115-125°C. Steam is supplied at a pressure of 3 bar(a) and
a flow rate of 6—7 tons/hour. The amount of steam consumed per ton of CO; produced is approximately
2.8-3.2 tons. The system meets the criteria for “green” CO, production, helps reduce greenhouse gas
emissions, and is capable of meeting the future demand for liquid CO.. This system can be applied to large-
scale biomass-fired boilers.

Keywords. carbon dioxide, liquid CO,, boiler, biomass, liquid CO, production
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