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Tém tét - Khi ting ham luong oxy trong khdng khi 1am chét
oxy héa cho 10 khi héa RDF sinh khéi thi nhiét d6 cuc dai cua
10 khi hoa va nhiét tri syngas thu duoc tang, gilp cai thién qua
trinh khi héa va chit lugng syngas. Nghién cau thyc nghiém
nay tap trung vao viéc nghién ciru cai thién chit lugng khi
syngas hang cach 1am giau khi Oxy vao khéng khi cép cho 10
khi héa kiéu hat xudng. Khi 1am giau khi oxy, nhiét do cuc dai
cia 16 ting 1én dén 1020°C nhung khong 1am thay ddi vi trf cac
ving phan tng. Téng thanh phan céc chit khi chéay trong
syngas 1a 41%, 61%, 67% va 73% khi chit oxy hoa la khong
khi dwoc lam giau boi 0%, 10%, 20% va 30% oxy. Khi hoa
sinh khdi véi chat oxy hoa la khong khi duoc lam giau bang
khi oxy gilp nang cao chét luong syngas, tao diéu kién ung
dung nhién liéu tai tao nay trén cac dong co dbt trong.

T khoa - Ning luong tai tao; RDF; Syngas; Khi hoa; Nhiét tri
thap

1. Giéi thigu

Trong nhitng ndm gan day, thé gisi dang dbi mat vai su
gia tang nhanh chong nhiét d¢ do phat trai cac khi nha kinh.
Pé dam bao mirc tang nhiét do bau khi quyén khong qué
2°C so0 véi thoi ky tién cong nghiép theo thoa thuan Paris
2015 thi lwong phét thai rong CO; hang nam trén toan cau
phai giam xudng muc bang 0 hoic &m rong vao nam 2050.
Vao cudinam 2021, tai Hoi nghi thuong nién vé chong bién
ddi khi hau lan tht 26, cac qudc gia da dé ra chién lugc
Net-Zero. Tai hoi nghi nay, Viét Nam ciing cam két giam
phét thai CO, dat muc tiéu Net-Zero vao nam 2050 [1]. Bé
dat dwoc myc tiéu nay, cat giam phat thai CO, can dén nd
lyc toan cau. Viéc sir dung ning lwong téi tao thay cho ning
luong hoa thach 1 giai phap khong thé tri hoan.

Viét Nam 1a nuéc ndng nghiép nén c6 nhiéu tiém nang
vé nang luong sinh khdi. Cac chét thai rin hitu co trong
sinh hoat va san xuét & nong thon duoc ché bién thanh vién
nén nhién liéu RDF. Tir ¢, RDF duoc chuyén thanh khi
tong hop syngas thong qua 10 khi hoa. Phuong phap khi
hoa cd thé giam 70% trong lugng va 90% thé tich chat thai
ran, giam phat thai khi nha kinh, tiét kiém dién tich dat
chén lap [2].

C6 nhiéu cong nghé khi hda hién nay dang dugc ap
dung rong réi trong cong nghiép, tuy nhién moi cong nghe
déu 6 uu, nhuge diém, khac nhau vé cong nghé ché tao va
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loai nhién liéu sir dung. Lo khi héa tang cé dinh 1a kiéu 10
¢6 vi tri cc viing phan tng xac dinh (ving siy, viing nhiét
phén, vung oxy héa (chay), vung khtr (tao kh|) Loai 10 khi
héa tang ¢ dinh nay c6 3 kiéu: 10 hat xuéng (downdraft),
10 hat 1én (updraft) va 16 hit chéo (crossdraft). Khac vai 10
khi héa ting cé dinh, thiét bi khi héa ting s6i khong c6
vung phan &ng riéng biét va qué trinh 1am khd, nhiét phan
va khi hoa xay ra dong thoi trong qua trinh tron. Ching
phtic tap va sir dung hé théng diéu khién dit tién. Vi vay
thiét bi khi hoa tang s6i thuong ap dung vai 10 c6 quy md
kich thuéc lon.

Trong pham vi str dung c6 quy mo nho, loai 10 khi hoa
tang ¢b dinh ¢6 nhiéu wu diém hon: c6 két cau don gian, dé
ché tao, gia thanh ré va van hanh don gian. Hon nita, ddi
vé6i 10 khi héa ting ¢ dinh thi loai downdraft c6 dong khi
thoat ra di qua viing nhiét d¢ cao gidp lam giam lugng hic
in trong syngas. Do d9, loai 10 ndy cho ra khi syngas c6
chat lugng tot nhat, pht hop dé 1am nhién liéu cho dong co
d6t trong kéo may phat dién c6 cong suat dudi 10 kW [3].
Vi vay, trong nghién ciru nay, nhom téc gia st dung loai 10
khi hoa tang ¢6 dinh kiéu downdraft.

Vién nén sinh khéi c6 thanh phan tir rac thai cua qué
trinh hoat déng ndng I&m nghiép dugc s dung trong
nghién ctiu thuc nghi¢m nay. Thanh phan kich thuéc dong
nhét va do 4m khoang 10%. Thong sb cu thé caa vién nén
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duoc thé hién ¢ Hinh 1 va Bang 2.

V& ing dung cua khi tdng hop trong dong co dét trong,
céc nghién ctiru gan day cho thiy, can luu y hai van dé lién
quan dén tap chat trong khi tong hop va hién tuong giam
cong suat dong co do nhiét tri cua nhién liéu thip. So véi
viéc tng dung khi tong hop trén tuabin khi, viéc sir dung
nhién liéu nay trong dong co dbt trong phti hgp hon do yéu
cau vé muc do tap chat trong nhién ligu khi tong hop it
nghiém ngat hon. Trong s6 céc loai tap chét, hic in chia
trong khi tong hop 1a tré ngai I6n nhét ddi véi dong co. Doi
véi dong co dét trong ¢& nho, viéc sir dung 16 khi hoa ting
cb dinh két hop vai diéu kién van hanh & nhiét do phan tng
cao va do am thap 1a mot phuong an nham han ché duoc
lwong hic in [4-5], thich hop véi md hinh dung dé thuc
nghiém san xuét syngas [6].

Syngas la khi tong hop bao gdom cac chét c6 gia tri sinh
nhiét nhu H,, CO, CHg, con lai la cac tap chat nhu N, H,0,
CO, va cac chit vi lugng nhu H,S, NHs, HCN, HCI, thay
ngan,... Théng thuong trong syngas co6 dén mot nua 1a cac
khi tro. Néu sir dung hoi nudc hodc O, 1am chét oxy héa
thi nhiét tri trung binh cua syngas khoang tir 10 MJ/Nm?®
dén duoi
30 MJ/Nm3. Trong khi d6, néu chi diing khéng khi 1am chat
oxy hda thi nhiét tri syngas nam trong khoang 4-7 MJ/Nm?
[7]. Thanh phan thé tich cua syngas khi sir dung khéng khi
lam chat oxy hoa thuong la 18-20% H,, 18-20% CO, 2%
CHa, 11-13% CO,, mét lwong H,0 va phan con lai 1a N,
[8]. Thanh phan N trong syngas chiém dén 50% lam cho
nhiét tri syngas rat thip va anh huéng dén viéc van hanh
dong co ddt trong. Vi vay, khi st dung syngas lam nhién
liéu thi céng suat dong co giam maot phan 1a do giam hé sb
nap va mot phan khac 1 vi nhiét tri nhién liéu thap [9]. Khi
st dung syngas trén dong co danh lira cudng buc, muc tut
giam cong suat c6 thé 1én téi 50%, trong do giam do nhiét
tri nhién ligu 1én dén 30% [9]. Bé khic phuc van dé nay, c6
thé b sung vao syngas bang cac loai nhién liéu nhiét tri
cao hon nhu H; hay biogas [10]. Tuy nhién, giai phap ky
thuat nay khong loai trir duoc cac chat khi tro trong syngas
dé cai thién nhiét tri nhién liéu. Thanh phan N trong
syngas chiém trén 50% lam cho nhiét trj syngas rat thap va
anh huong dén kha nang van hanh dong co.

Trong nghién ciru ndy s& trinh bay két qua nghién ciu
thuc nghiém nang cao thanh phan cac chat khi chay CHy,
CO, H; trong syngas nh sir dung chat oxy héa la khong
khi c6 bo sung oxy cho 10 khi héa kiéu hat xudng.

2. Phwong phép nghién ciru
2.1. Nghién czeu ly thuyét

Céc qua trinh xay ra trong 10 khi héa dugc md ta nhu
sau:

Qua trinh siy: Biomass thé dugc lam khé dudi tAc dong
cua nhiét tir qua trinh dot chay. Vung lam kho dat trén ving
nhiét phan. Phuong trinh tong quét:

CxHy0;.nH,0 - CH,0; + nH,0 (1)

Qua trinh nhiét phan: Biomass dugc oxy hoa & nhiét do
cao tao thanh than va cac kt]i CO, Hz, CO2, H:0 vatap chat.
Vung nhiét phan dat gitra tang d6t chay va vung lam kho.

CxH,0,~> C + CO + H; + CO; + H,0 + Tap chit (2)

Sau qua trinh nhiét phan thanh phan chu yéu la than
(Carbon) cung hé thong khi, hoi nuéc (CO + Hz + CO2 +
H,0) va nhiing tap chat khac nhu HS.

Qué trinh @t chay: Hon hop khi va than tir qua trinh
nhiét phan duoc dot chay véi oxy tir khong khi, tao ra CO,
H,0 va khi tap chat N, (dugc lam sach sau d6).

C+CO +H;+CO; + H,0 > CO; + H,O 3)

Phan khdng chay hét (C) s& duoc dua dén tang nén phia
dudai.

Qua trinh sinh khi: CO, va H,0 tir qué trinh dot chay
duoc dieu ché lai thanh khi dot chdy CO va H2 trong tang
sinh khi qua than néng (cua qua trinh nhiét phan).

CO; + H,0 + 2C > 3CO + H; (4)

Sau khi di qua 10 khi hoa, hdn hop khi thu dugc goém
cac khi dot CO + Hzdugc lam sach tap chat va lam nguoi
trude khi chuyén den dong co phat dién. Qua trinh sinh khi
duoc tu dong hoan toan va c6 cac phan (tng hda hoc cu thé
dugc trinh bay ¢ Bang 1 [11].

Bdng 1. C4c phdn ung trong 10 khi hoa

P £ . Nhiét
: : (KJ/Kmol)
Sy %X';y%ﬁ“;azg Pé hydro ha (1) <0
Nhiét|CxHyO,=> CaHb + CO|  Nhiét phén (2) <0
phan| C4H,0,~> CyHmO, Nhiét phan (3) <0
2C + 0, 2CO | Oxy héa mot phin (4) | +110,700
C + 0, CO, Oxy h6aCO (5) | +283,000

2CO + O, 2C0O; |Oxy hoa hoan toan (6)| +393,790

CxHyO,> CO; + HO|Oxy hdéa hoan toan (7)| >>0

Dét
chay| 2H2+0p> 2H,0 | Oxyh6aH,(8) | +241820
CO + H,0 > COz+ Hy O hg%"g; H0 /| 41170
COz + 3H2> CHs + | Oxy hoéa khir metan
e o) 206,300
C+H,0 > CO+ H, | O h‘;}%’;fgf‘)'”h KTl 131,400
Oxy héa khit sinh khi
C +CO,> 2CO .
Sinh 2 CO (12) 172,580
Khi ba khit sinh khi
' |cOp + Ha> CO+ Ho0| O hocag'zll’;)'”h Khi'l 41,170
Oxy héa khtr sinh khi
C + Hy> CH; o (1) +74,900

Vién RDF g c6 hinh dang try, véi dudng kinh trung
binh 1a 10 mm va chiéu dai trong khoang tir 10 mm dén
15 mm nhu Hinh 1. Trong nghién ctru thyc nghiém nay céc
vién nén duoc sap xép mot cach ngau nhién.
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Bdng 2. Thanh phdn cza vién nén RDF gé

C (khd, khéng tro) 50,02

H 6,43

N 0,09

S 0,09

0 43,37

Tro 0,3

Nhiét tri thip (LHV) 15,37 MJ/kg

Nghién ciru duoc thyc hién md phong bang phan mém
3D Solidworks véi loai 10 khi héa tang c¢6 dinh kiéu
downdraft ¢6 cac kich thudc thiét ké nhu sau: Vang hoan
nguyén c6 duong kinh 150mm, cao 150mm, vung chay
dang phéu c6 chiéu cao 150mm.

Viing say

Ving nhiét phan

Ving chay

Hinh 3. V; tri c&c tang cua 16 khi héa
Bdang 3. Kich thudc co bdn

Ki hi¢u Tén Gia tri Pon vi
D Puong kinh 10 450 mm
Do Duong kinh thot 150 mm
Hs Chiéu cao viing siy 655 mm
Hnp Chidu cao viing nhiét phan 150 mm
Hen Chiédu cao viing chay 187 mm
Hin Chiéu cao viing khi 168,34 | mm
Ha Chidu cao viing dém, troxi | 250 mm

3. Nghién cwu thuc nghiém
3.1. Thiét bj thec nghiém

Hinh 4. B4 tri hé théng thuc nghiém 16 khi héa kiéu hat xusng

Hinh 4 gigi thiéu toan bo thiét bi thuc nghiém san xut
syngas bang 10 kiéu downdraft. Lo khi hoa duoc thiét ké
vé6i kich thudc phu hgp cho viéc thuc nghiém. Chét oxy
hoa duge dua vao tim 10 théng qua quat thdi, co thé la
khong khi tu nhién hoic oxy bd sung tir binh khi nén. Bé
giam sét nhiét do, cac cam bién nhiét do dugc lap dat doc
va cach déu trén than 10 khi hoa.

‘4

Hinh 5. Cdm bién nhigt d tam viing chay
Hinh 5 gici thigu cam bién nhiét do tam viing chay voi
cac thong s6 nhu Bang 4.
Bdng 4. Thong sé ki thugt cam bién nhiét dg

Chiéu dai 300mm
Duong kinh 11mm
Tin hiéu dau ra (analog) 4-20mA
B ngudn 24V DC
Pham vi do 0°-1200°C
Loai cam bién Integrated Temperature Transmitter
Nha san xuét Tianjin U-ideal Instrument Co., Ltd

- M&

phan tich khi:

gas Analyzer

Mode! No: Ga

Hinh 6. May phan tich khi

Syngas ¢6 chira cac khi chay la CO, CO,, CHa, H; va
con lai 1a N2. Trong thi nghiém nay, nhom nghién cau st
dung may do Gasboard-3100P vdi cac thdng s6 tai Bang 5.
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Bdng 5. Bang thdng s6 may phan tich khi

N P Pin bén trong Li-ion, ngudn dién sac ngoai
B0 nguon

12,6V
Do lap lai <1%
Kiéu man hinh Man hinh LCD
hién thi
Sai s6 CO/CO2/CHa/H2/02/C2H2/C2Ha/CoHm: £ 1%

F.S.;02/ Ha: £ 2% F.S.

Diéu kién khi miu | Khong hic in, khong ¢6 bui va khéng c6 nudc

Thoi gian phan hdi T90<15S(NDIR)

Luu lugng khi ldy

: (0.7~1.2)L/min
mau

Ap suét khi dau vao (2~50) Kpa

CO/CO2/CH4/H2/02/C2H2/C2Ha/CoHm: NDIR;

Céc chat do Ha: TCD; O»: ECD;

Cbng trao ddi RS-485/RS-232

CO/CO2/CH4/H2/02/C2H2/C2H4/CiHm* /tinh

Khi gié trj nhiét luong

CO/CO/CHa/Ha: (0~100)% Os: (0~25)%;

Gidihando | by CoHA/CoHm: (0~10)% (khong biit budc)

3.2. Quy trinh thac nghiém
Truée tién, d6 mot lwong RDF vira dén miéng cua
duong cap khi chinh (khoang 5 kg), sau d6 tién hanh mdi
lra. D6t khoang 0,2 kg RDF dé 1am 16p mbi va cho vao 1o
dé khoi dong 10. Quat thdi cip khi duoc diéu chinh véi luu
luong 16n dé nhiét do ving chay tang nhanh khién cac vién
nén moi dé dang chay lan ra. Quan sét nhiét do 16 thong
qua cac cam bién nhiét do. Khi dat trén 150°C c6 thé do
day RDF vao 10 va dong nép 10.
\

Hinh 7. Qua trinh khéi déng 10

Sau khi dong nap 10 tir 10 ¢én 15 phdt, quan sat cac cam
bién nhiét do gan quanh than 16 d& diéu chinh quat thoi va
van cap khi dén Iuu lugng phu hop véi yéu cau cua thi
nghiém. Quan sat cho dén khi syngas thoat ra 6n dinh va
thdng qua may phan tich khi dé xac dinh thanh phan syngas
on dinh thi bit dau tién hanh lay sé liéu va liy khi. Khi
syngas thu duoc s& dugc nap vao vao tdi chira khi cé thé
tich xac dinh.

4. Két qua va binh luan.
4.1. So sanh thanh phan khi syngas véi chdt oxy héa la
khodng khi vdi cac ddi lwu lwong khac nhau

50

40

CHy, €O,C0,, H, [3%); Qyy [MIfkg)

B0L/MIN
@aLHv 37044 6.6402 58254 4.0866
aH2 (%) 7.43 12.35 12.4 10.55
@co %) 14.07 2451 19.95 18.01
|CHA (%) 281 5.4 485 279

S0L/MIN 185L/MIN 300L/MIN

BCH4(%) BCO (%) BH2(%) BOLHY

Hinh 8. So sanh thanh‘phd‘n khi syngas ung vdi luu lwong khong
khi cé dinh lan luwot 12 80, 90, 185, 300 L/min

Hinh 8 gidi thiéu so sanh thanh phan khi syngas wng
v6i luu lugng khong khi ¢d dinh lan Iuot 12 80, 90, 185,
300 L/min. Tir d6 thi trén ta thay, ddi voi mic luu lugng
khong khi 90 L/min thi ndng d6 cac chat CO, CHa, Ha lan
luot 1a 24,51%, 5,4%, 12,35% cao hon cac truong hgp con
lai. Do d6, vai mirc luu luwgng khéng khi 90 L/min thu dugc
syngas véi gia tri tt nhat véi 42,26% tong thanh phan khi
chay va nhiét tri 6,6402 MJ/kg. Tuy nhién, ty I& nay van
con thap, chwa dat téi 50%. Vi vay, dé c6 thé sir dung cho
dong co dot trong ma khong lam giam dang ké cong suat
cuia dong co, can phai nang cao ty 1¢ khi chay trong syngas.
B sung oxy vao 1am chat oxy hoa 1a phuong an c6 thé
nang cao thanh phan khi chay trong syngas. Phan thuc
nghiém sau day trinh bay két qua thu duoc khi b sung oxy
vao khong khi vai mic 0%, 10%, 20% va 30%.
4.2. Két qud thirc nghigm nhiét d@é than 10 khi hoa

=o=100%AIR 10% 02 ~+-20% 02 =8=30% 02 )
10 >

I3

Vi tri cim bien

e

0 200 400 600 800 1000 1200
Nhiét dg (°c)

Hinh 9. Két qua thuc nghiém nhiéz dg than 10 khi hoa &
cac dieu kién khi hoa khac nhau
Hinh 9 gidi thiéu két qua dai nhiét do than 10. Thuc
nghiém dugc thuc hién tai 10 vi tri do cach nhau 100mm
tir ghi 10 khi hda. Nhiét do cuc dai 10 khi hoa dat duoc ngay
tai vi tri cua miéng duong 6ng cip khi va khong thay doi
vi tri. Nhiét do cuc dai dat trén 1000°C khi chit oxy hoa la
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khong khi duoc bé sung 30% oxy véi luu lugng khéng khi
€6 dinh 90 L/min.
4.3. So sanh két qud thuc nghigm

Truong hop khi khi khéa voi chat oxy hoa hoan toan la
khong khi, tong thanh phan cac khi chay nhu CO, CHa, Hz
chiém ty 1€ thap, khoang 41%.

Khi tang ham lugng oxy trong chét oxy héa lan luot 1a
10%, 20%, 30% dan dén nong do/thanh phan khi N, giam,
nhiét do cac vung phan tng téng’nhiét do khu vuc hoan
nguyén tang anh huong tich cuc den qua trinh khi hoa lam
tang tong nong d6 cac khi chay lan luot 1a 61%, 67% va
73% dan dén tang nhiét tri syngas.

Luu lugng khong khi cip vao 1o dwoc gitt & mic cb
dinh la 90 L/min. K&t qua thuc nghiém la gia tri trung binh
ctia 06 lan thi nghiém ddi véi moi trudng hop.

—8—CO (%) —— CO2 (%) CH4 (%) ——H2(%) —8—NL
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- ~
o 2100
3
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2 40 60 80 100 120 140
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Hinh 10. Thanh phan syngas khi khi héa vsi
chat oxy hoa hoan toan la khéng khi

—8-CO(%) ——C02(%) CHA(%) —h—H2(%) —8—NL
50 2600
S 2100 §

e
30 1600
2 1100
10 j 600
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20 ) 60 %0 00 120 140
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Hinh 11. Thanh phan syngas khi bé sung 10% oxy
—BCO(%) —+—CO2(%) CHA(%) —4—H2(%) —8—NL
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Hinh 12. Thanh phdn syngas khi bé sung 20% oxy

—=CO (%) —— CO2 (%) CH4 (%) —A—H2(%) —e—NL
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Hinh 13. Thanh phan syngas khi bé sung 30% oxy
Hinh 14 biéu din tong quét cac gié tri syngas thu dugc
tir khi hda vién nén sinh khdi véi chat oxy hoa la khéng khi
va khong khi duoc bé sung boi lan luot 13 10%, 20%, 30%
oxy. Chlng ta thay khi ting ham lugng O lam giau khéng
khi thi thanh phan cac khi chay dugc CO, Hz, CHy trong
syngas déu ting din dén tang nhiét tri ciia nhién liéu. Nhiét
tri nhién liéu tang lan luot 1a 40%, 50% va 55% tuong ng
véi khong khi dugc 1am gidu bai 10%, 20%, 30% oxy so
vé6i khi str dung chit oxy hoa 1a khong khi. Bidu nay gitp
nang cao chat lugng syngas, tao diéu kién tng dung nhién
liéu tai tao nay trén cac déng co kéo may phat dién.

e 100 A

-_— e l0K0Z  seees 20m02 —— 3002

Hinh 14. DQ‘ thi radar biéu dién thanh phdn va nhiét tri cia
syngas khi chat oxy hoa la khong khi va khong khi duot bo sung
lan Iuot 10, 20, 30% oxy

Bdng 6. Thanh phan cé4c chat khi chay va nhiét trj ¢ timg

trirong hop
CHg4 CcO CO2 H> QLnv
100%Air | 54 | 2451 | 1591 | 10,98 | 6,2034
109%0, | 7,71 | 3552 | 17,65 | 17,97 | 9,3156
209%0. | 8,42 | 38,63 | 20,21 | 20,11 | 10,55
30960, | 858 | 44,26 | 22,85 | 20,53 | 11,008
Heé sb 86 | 443 229 | 2055 11,1

5. Két luan

Két qua nghién ciru trén day cho phép rit ra dugc
nhitng két luan sau:

- Khi g:hét oxy hoa la khong khi véi luu luwgng 90 L/min,
thanh phén cac chat khi chay va nhiét tri dat duogc gia tri
16n nhat la 42,26% va 6,6402 MJ/kg.
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- Két qua do duoc nhiét d lon nhat cua 16 khi héa ting
tir 750°C den duei 1100°C, khi chat oxy hoa la khong khi
duoc bo sung bai 0%, 10%, 20% va 30% oxy.

- Vi tri cac vung phan tng va vi tri dat nhiét d6 cuc dai
1o khi hda khong phu thudc vao ham lugng oxy pha vao
khong khi Iam chat oxy hoa.

- Str dung O bo sung vao khang khi 1am chét oxy héa
thi CH4, CO, H; déu ting, ty 1é ndy chiem khoang 41%,
61%, 67%, 73% khi khong khi dugc lam gidu bai 0%, 10%,
20%, 30% OXY.

- Nhiét tri syngas tang 40%, 50% va 55% khi khong khi
duoc lam giau béi 10%, 20%, 30% Oz so véi khi sir dung
chat oxy héa la khdng khi.
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