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TONG QUAN NGHIEN CUU ANH HUONG CUA CAC BIEU KIEN
THI NGHIEM BEN SAN PHAM KHI VA CHUYEN BOI TAR
TRONG QUA TRINH KHI HOA HON HOP THAN VA SINH KHOI

OVERVIEW OF THE STUDY AFFECTING EXPERIMENTAL CONDITIONS FOR GAS PRODUCTS
AND TAR TRANSFORMATION IN COMBINATION OF COAL AND COMBUSTION

TOMTAT

Sinh khéi (biomass) la nhién liéu tai tao da thu hit sw chd y ca nhiéu hoc
gia trong nhitng nam gan day vi day la nhién liéu khong c6 carbon (hodc trung
tinh carbon) va sé gidip tao ra cac co hi kinh t& méi, ddc biét Ia & khu vuc nong
thon. Tuy vay, do sinh khdi c6 nhitng dac tinh déc biét nhu chat boc cao, nhiét
tri thdp, ham lrong dm I6n, ... so vdi nhién ligu hda thach (than). Vi vay viéc
khi héa sinh khdi két hop véi than hién nay dwoc rét nhiéu nha khoa hoc quan
tAm nham tao ra san phdm khi dat dwroc cac yéu cau vé thanh phan va déc
tinh. Bai bao trinh bay ngén gon tdng quan mot s6 nghién ctu hién tai trén
thé gidi vé khi h6a hon hop than va sinh kh6i, anh hudng clia céc digu kién thi
nghiém t6i thanh phan san pham khi va chuyén d6i tar. Tt d6 xac dinh duoc
phuong huéng nghién ciru tiép theo vé khi hda: chon loai sinh khéi va loai
than, chat x(c tac, toi vu héa nhiét do khi héa, ty & tron va cac diéu khién khi
hda khéc.

Tl khda: Sinh khi, khi hoa, chat xUc tac.

ABSTRACT

Biomass (biomass) is a renewable fuel that has attracted the attention of
many scholars in recent years because it is a carbon-free (or carbon-neutral) fuel
and will help create new economic opportunities, especially in rural areas.
However, because biomass has special properties such as high volatile matter,
low calorific value, high moisture content,... compared to fossil fuels (coal).
Therefore, the biomass gasification combined with coal is currently interested by
many scientists to create gas products that meet the requirements of
composition and properties. The following article briefly describes a number of
current studies in the world on gasification of coal and hiomass mixes, the
influence of experimental conditions on gas product composition and tar
conversion. From that, determine the next research direction on gasification:
choose hiomass type and coal type, catalyst, optimize the gasification
temperature, mixing rate and other gasification conditions.
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Tran Van Bay

1. DAT VAN BE

Trong khi hda hon hop than va sinh khéi, viéc xac dinh
duoc ty |é trdn nhién liéu, nhiét do, diéu kién khi héa, chat
xUc tac, lvgng hoi nuéc, khdng khi cdp vao... cho tirng loai
sinh khai, loai than cu thé dé thu dwoc san pham khi co
thanh phan, dac tinh va nhiét tri theo yéu cau la mét van dé
hét sirc khd khan. Cac nha nhién ctu trén thé gi¢i da
nghién ctru va dua ra duoc céac két luan. Tuy nhién, do moi
mot loai sinh khéi c6 nhitng dac tinh khac nhau, méi loai
than & tirng vung mién c¢6 nhitng dac tinh khac nhau. Hon
nira cac nghién ctru vé linh virc trdn than voi cac sinh khoi
hién cé & Viét Nam hién nay cling dang rat han ché. Nwéc
ta lai la nwéc ndng l1am nghiép phat trién, lwvgng sinh khoi
hién nay dang bi bé phi nhiéu. Vi vay, day ciing la nhitng
van deé rat can duoc quan tdm va nghién ctru sau rong.
2. DAC BIEM CUA SINH KHOI
2.1. Ham lwvgng &m trong sinh khéi

Ham lvgng @m trong sinh khoi khac nhau rat 16n phu
thudc vao loai sinh khai (Gidy: 20%, chat thai dong vat, chat
can ba lén men rvou va bun cng: 98~99%). B6i voi gd
twoi, ham lvong 4m trong gb khoang 50%, khi phoi khé con
khoang 30% va dat dén mic kho téi da la khoang 20%. Vi
vay dé co thé str dung dugc nhitng ngudn sinh khéi wot co
chira ham lvgng d&m cao nhw: Chét thai dong vat, chat can
ba 1én men ruou va bun cdng thi can phai cé cac qua trinh
Xt ly, lam khd dén mic can thiét ddi véi mdi loai cong nghé
chuyén hoa. Nhin chung, khi sinh khéi c6 ham lwvgng am
trén 70% thi khéng nén st dung dé dét hodc khi héa vi
hiéu qua sinh nhiét qua thap tham chind con thu nhiét.
2.2. Nhiét tri ctia sinh khoi

Nhiét tri ctia sinh khai kha thap, théng thudng chi bang
khoadng mot nlra nhiét tri cGa nhién liéu hoa thach. Tuy
nhién ham lvgng tro va lvu huynh trong sinh khdi thap hon
rat nhiéu so véi nhién liéu hoa thach vi vay day sé la vu
diém noi trdi cua viéc sir dung sinh khoi dé chuyén hoéa
nang lvgng. Hinh 1 so sanh thanh phan héa hoc ctia mot s6
loai nhién liéu sinh khéi. Nhiét tri ctia nhién liéu phu thudc
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rat nhidu vao thanh phan héa hoc clia sinh khéi. O day ta
thay, ham luvgng cacbon (C) trong cac nhién liéu sinh khéi
kha thap so voi than va day la thanh phan chinh anh hwéng
dén nhiét tri ctia nhién liéu. Hinh 2 cho biét nhiét tri ctia
mot s6 loai sinh khoi pha bién.

Hinh 1. Thanh phan héa hoc cllamot s6 loai sinh khai [11]
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Hinh 2. Nhiét tri clia nhién liéu sinh khoi [11]

Theo hinh 2, trdu va chét thai tir gd c6 nhiét tri twong
doi Ion. Pay ciing la ngudn sinh khdi cé tri lwgng l6n &
nuéc ta hién nay ma chua dugc st dung hiéu qua.
3.DAC BIEM CUA KHi HOA HON HOP THAN VA SINH KHOI

Khi hoa hoén hgp than véi sinh khéi, do ham lvgng
cacbon trong than cao nén sé anh huéng nhiéu dén su
chuyén d6i cacbon dan dén hiéu sudt clia qua trinh tang.
Tuy nhién véi sinh khéi cé ham lvgng dé dm cao va khong
on dinh nén cé thé thu duoc khi téng hop dat hiéu qua vé
nang lvgng va thanh phan.

Ty 1é khong khi/hoi nuéc & nhiét do cao thady rang s gia
tiing hon hop cda nito va nhiét do oxy tir 600°C dén 1000°C
lam cho qua trinh chuyén ddi nhanh hon, chd yéu la do
som bat dau lam kho nhanh.

4. SU HINH THANH TAR (HAC IN) TRONG QUA TRINH
KHI HOA

Trong thiét bi khi héa, tar dugc hinh thanh cha yéu tai
vling nhiét phan, tai d6 ngoai san pham khi thi con c¢é
char va tar. Tar 1a hdn hop phtic tap cla cac hydrocacbon
ngung tu bao gom hop chat chira oxy, hydrocacbon thom
1 dén 5 vong va hdn hop ctia cac polyhydrocacbon thom
c6 phan ti lugng 16n hon benzen. Hydrocacbon thom
chiém lwgng Ién trong tar nhu toluen (24%), naphthalene
(15%), phenol, benzen. Trong qué trinh khi hdéa, ham
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lvgng tar c6 thé dat t¢i 7 < 8% néu ta khi héa cui g6, bach
dan, than non, than bun... Véi cac nhién liéu rin khac, tar
¢6 ham luvgng thap hon. Tar dwgc xem nhuw la thdng so rao
can nhét trong hé théng khi héa vi tar ¢ thé gay ra mot
s6 van dé lam tic dwong 6ng, giam hiéu qua trao ddi
nhiét cda thiét bi... Khoi lwvgng va thanh phan cla tar t
qué trinh khi héa sinh khéi phu thudc vao nhiéu yéu t6
nhu la loai sinh khoi, loai thi€t bi khi hda, tac nhan khi hoa,
nhiét d6 va ap sudt hoat déng.

5. MOT SO NGHIEN CUU HIEN TAI TREN THE GIG1 VE KHI
HOA HON HOP THAN VA SINH KHOI, ANH HUONG CUA
CAC PIEU KIEN THi NGHIEM TOI THANH PHAN SAN
PHAM KHi VA CHUYEN DOI TAR

Fermoso va cdng suv [1] nghién clru qué trinh khi héa
cla céc loai than khéac nhau véi than sinh khoi trong mot
|6 phan (ng 4p sudt cao dé san xuat khi giau H,. Két qua
cho thay:

B&n loai than khac nhau dwoc khi héa, stir dung hon hop
hoi nwdc/oxy lam tac nhan khi hoa, & ap sudt khi quyén va
ap suat cao (15atm) trong 16 phan Gng c6 dinh dwgc dat
trong mot hé thdng cap than & ché do lién tuc. Sy gia tang
ap luc khi hoa dan dén giam san xuét H, + CO va chuyén
d6i cacbon. Su két hgp cla cac loai than c6 thir hang khac
nhau cho thdy ham lvgng cacbon va téc do phan tng cang
cao thi san xuét hydro cang I&n. Cac thi nghiém khi hoéa
sinh kh&i than va hén hop ternary (coal-petcoke-biomass)
da duwoc tién hanh & ap suadt cao dé nghién clru cac tac
déng tong hop cé thé c6. Tuong tac gitta cac thanh phan
pha tron da anh hudng dén san pham khi. D6 la mot hwéng
trong san xuat hydro khi than dugc khi héa cung sinh khéi.

Nhom nghién cru ctia Dalia A. Ali [2] ti€n hanh nghién
ctru qua trinh khi héa than va chat thai sinh khai trong mét
thiét bi khi héa lién tuc. Nhdm nghién ctru da khi héa mot
s6 nguyén liéu than c6 ngudn gdc khac nhau va hon hop
nguyén liéu/chat thai sinh hoc khac nhau da dwgc thuc
hién, bao gdbm ca hdn hop than ctia My/ Ai Cap va rom ra.
Hiéu qua cla viéc thay doi nhiét do khi hda déi véi thanh
phan khi tong hop da duoc phan tich. Két qua da chi ra
rang, cac thanh phan ctia CO va H, ting Ién khi tang nhiét
dd khi héa, trong khi CH, va CO, dugc tao ra khéng bi &nh
hwang. Cac tac déng clia viéc thay doi ty 1& hoi nwéc/O, &
nhiét do khi héa khéng doi trén ty 1& H,/CO, ty I&é CH, /H,
trong lvu lvgng khi téng hop va khi téng hop ciing da dwoc
phan tich. Nguoi ta nhan thay rang, khi ty 1& hoi nwéc/O,
ting Ién, ty & H,/CO ciling tang lén. Khi hdn hgp gdm 90%
than va 10% rom thi hiéu sudt clia khi héa va thanh phan
khi t6ng hop nhu sau: Bi vai hdn hop khd (90% than My
va 10% rom Ai Cap), hiéu suét khi lanh da tang Ién 82,38%.
Trong khi di v6i treong hop khi héa than 100% la 79,61%
va thanh phan khi tong hop (H, va CO) giam tlr 24% xubng
8,5%. D&i v&i hdn hop gdm 90% than Ai Cap va 10% rom
IGa Ai Cap, hiéu suat khi lanh duoc uéc tinh 12 85,7%.

Khi héa hén hop than va sinh khéi voi sy c6 mat cla
chat xuc tac trong mot thiét bi khi héa tang s6i tuan hoan
dé san xudt khi tong hop sach, sir dung ca cac hat kiém va
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CO, lam chat xuc tac da duoc tac gia Wan-Xi Peng va cong
st trinh bay trong nghién ctu [3]. D€ danh gia tiém nang
cla cac chat x(c tac kiem, nhém tac gia da nghién ciru anh
hwang clia ba chat x(c tac kiem phé bién (NaHCO,, KHCO,
va K,CO,) vé cac dac diém chinh clia qué trinh khi héa co
xUc tac. Két qua cho thay sv gia tang ty 1é khoi lugng chat
xuc tac dan tang san luvgng CO, va H, twvong (ng. Voi sv gia
tdng ty Ié than/sinh khéi tir 0,1 dén 0,5, chuyén ddi tong
thé tang tlr 81% lén 94%. Kha nang cla K,CO; dé chuyén
ddi nhién liéu In hon nhiéu so véi cac chat xdc tac khac
(NaHCO, va KHCO,). Khi ty I& khoi lvgng chat xuc tac tang
Ién, lwgng tar gidm tir 13,38 xubng 9,27 d6i voi Al,O; /
K,CO,, tir 14,18 dén 9,62 ddi véi AlLO,/ NaHCO, va tir 14,87
dén 10,47 doi v6i Al,O,/K,CO;do téc do pha hdy ban dau.

Theo huéng nghién ctu qua trinh khi hoa hén hop than
va sinh khéi st dung dolomite va olivine lam chéat xuc tac,
tac gid Xinyue Ma va cdng sy da céng bd trong [4] ndm
2018. Nghién ctru nay nham muc dich danh gia kha nang
clia dolomite va olivine dé loai bo tar va san xuat hydro
trong qua trinh khi héa tang sbi ctia than va sinh khdi. Cac
thong sO van hanh cu thé la nhiét dé khi hoa (Tg), kich
thwéc hat nhién liéu (dp), ty 1& sinh khéi (BR), ty 1& hoi /
nhién liéu (S/F), tai chat xUc tac va ty lé twong dwong (ER)
da duoc thir nghiém dé nghién ctru anh hwdng clia chiing
doi voi san lvong hydro va tar. Véi s tadng chat xuc tac tir
3,0 Ién 12,0 (wt%), nang suat hydro da tang tlr 52,9 1én 55,5
(g9/kg-nhién liéu) doi véi dolomite va tlr 47,5 dén 52,1 (g/kg
nhién liéu) doi véi olivine, trong khi lvgng tar gidm manh tlr
5,4 xuéng 0,4 (g/Nm?®) va tlr 7,0 dén 0,8 (g/Nm®) tuvong ng.
Kich thwéc hat nhién liéu cho thay anh huéng khéng dang
ké dén viéc nang cap san xuét hydro va nang suét tar.

Natalia Howaniec va cong sy [5] da nghién ctu qua
trinh khi hoa than va sinh khoi véi sy tham gia clia hoi nuéc
trong san xudt khi giau hydro. Nghién ctru trinh bay thi
nghiém vé qua trinh khi héa thuyc hién trong mét [0 phan
(rng c6 dinh duwdi ap suat khi quyén va & nhiét do 700, 800
va 900°C. Ty 1& hén hop than/sinh khéi 1a 20, 40, 60 va 80%
khoi lvgng duwogc thwe hién & cac ché do nhiét dd khac nhau
dé danh gia lvgng khi thanh phan ctia san pham khi,
chuyén d6i carbon va phan tng char. Viéc tdng ham luvgng
sinh khéi 1én 60 va 80% khéi lwvong dan dén khéi lvong khi
san pham gidm nhe. Tuy nhién, n6 van mang lai lgi thé
gidm phat thai CO, khi so sanh véi cac quy trinh san xuét
nang lvgng dia trén nhién liéu héa thach.

K&t qua nghién clu clia nhém nghién ctu Xianbin
Xiao [6] vé san xudt khi tong hop tlr khi hoa sinh khéi chat
thai st dung than nau chra niken lam chét xdc tac da chi
rarang:

Céc hat niken phan tan t6t va lvgng tai dat yéu cau dat
duoc trong Ni/BCC (Ni-loadedbrowncoalchar) bang
phuong phap trao déi ion. N6 c6 déc diém két cau tot va
thé hién mot hoat déng tot lam chét x(c tac cho qua trinh
phan hdy nhya sinh khoi. Nhiét dd phan tng va ty 1é hoi
nuwdc dong mot vai trd quan trong trong qua trinh tao khi
xUc tac. Sv tang trvdng cda hat niken bi anh hwéng manh
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bdi nhiét dd va nén chuan bi va st dung né cho khi hoa
khoi lwvgng sinh hoc khéng cao hon 650°C. Trong pham vi
nhiét d6 do, hiéu suat xuc tac tré nén cao hon véi nhiét do
ngay cang tang. Ty Ié hoi nuéc thap hon sé toét hon cho qua
trinh x ly khi chdp nhan duwoc va dé gilr cau trac xic tac tot
va hoat dong én dinh hon. Ni/BCC cho thady ca hoat dong
xUc tac cla it nhat la cung mic véi NifALO, va kha nang
chéng lang dong carbon, bao vé chét xdc tac khoi bi khir
hoat tinh.

Khi hoéa sinh khoi (phan chudng gia suc),cé hoi nuéc
lam chét xUc tac & 10 tAng s6i & nhiét do thap dé tao ra khi
téng hop giau hydro cia nhém nghién clru Xianbin Xiao
[7] d4 chi ra nhitng trién vong khi khi héa sinh khoi & nhiét
doé thap.

MAau phan 0 gidi phong céc loai khi dé bay hoi nhét va
hau hét cac san pham clia né déu & dwdi 700°C.

Su c6 mat cla chat xuc tac hoi nuéc trong qua trinh khi
hoa lam tidng dang ké tong lvgng khi, cai thién chat lvgng
khi va loai bd ham lvgng tar. Nhiét do la yéu té quan trong
nhat trong qua trinh nay. Nhiét dé cao hon lam ting san
xudt hydro va nang sudt khi. Viéc dua hoi nuéc vao khi héa
sinh khéi la thuan lgi dé cai thién chéat lvgng khi.

Khi héa tang séi hai giai doan c6 vu diém la st dung
chat xuc tac t6t hon va tang cuong phan (rng cai cach hoi
nwéc va phan tng dich chuyén nuwéc khi & mot mac do
nao do.

Trong cbng trinh [8], t&c gia Xianbin Xiao va cong sy da
nghién ctru khi héa hai giai doan sinh khéi chat thai thiét bi
¢6 dinh vai sy céd mét clia hoi nwdc & nhiét do thap dé danh
gia cac tham sb va t6i wu hoa hiéu sudt khi héa. Trong
nghién cru nay, nhom tac gia da thyc hién khi héa ¢ nhiét
dd khi hoa la 600°C, str dung dam go va phan chubng lon
lam nguyén liéu. Cac bién van hanh chinh dwgc nghién ctu
la nhiét dd nhiét phan, nhiét do x(c tac, ty I& hoi nuéc/sinh
khoi C, van téc khoéng gian va chat xuc tac khac nhau. Nhiét
dd phan tng va ty 1é hoi nwéc/C c6 vai tro quan trong doi
V@i qud trinh tao khi. Khoang 60% H, (kh6 va N, ty do) va
khoang 2,0Nm? kg sinh khéi (khé va khong tro) cé thé thu
duwoc trong diéu kién tét. So véi Ni/ALLO,, Ni/BCC (than nau
nap Ni) c6 kha nédng tot hon va trién vong day hy vong
cho si 6n dinh vé&i kha ndng chéng hinh thanh céc.

Nhom nghién ctu Kazuhiro Kumabe [9] rat ra duoc
cac két luan khi nghién ctru qué trinh khi héa khi héa sinh
khoi gb (gb tuyét ting Nhat Ban) va than (than Mulia) (ng
vGi cac ty 1€ sinh khoi va than khac nhau véi khdong khi va
hoi nuéc lam chat xdc tac

- Viéc chuyén doi thanh khi tang theo ty I& sinh khéi
trong khi chuyén d6i thanh char va tar giam.

- Céc khi san pham chinh la H,, CO va CO,. Véi ty Ié sinh
kho6i ngay cang tang, thanh phan H2 gidm va thanh phan
CO, tang. Thanh phan CO va hydrocarbon ddc lap véi ty &
sinh khoi.

- Ty Ié sinh khéi thdp dan dén viéc san xuét khi thuan
lgi cho viéc téng hgp metanol va nhién liéu carbon va ty
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I& sinh kh6i cao dan dén viéc san xuét khi thuan lgi cho
qua trinh tong hgp DME trong cac diéu kién thi nghiém
hién nay.

Y.G.Pan va cdng si [10] d& nghién clru qua trinh khi hda
tang s6i ctia sinh khéi du/hdn hop than nghéo dé san xuét
khi dot. Cac thi nghiém duoc thic hién & 10 tang soi lién tuc
lam viéc & ap sudt khi quyén. Biomass la dam thong (Tay
Ban Nha) véi than den, than cap thap tir Escatro (Tay Ban
Nha) va than Sabero (Tay Ban Nha), trong pham vi ty & ti¥
0/100 dén 100/0 (%). Tac nhan khi héa khéng khi va hoi
nuéc. Nhiét do khi hda la 840 - 910°C va van t6c khi héa bé
mat la 0,7 - 1,4m/s. Nghién ctru cho thay si pha trén co tac
dung cai thién hiéu suat cta qua trinh khi héa tang s6i cla
than cap thap va kha nang chuyén déi than thanh khi dét
c6 ham lvgng nhiét tri thdp. Nghién ciru nay chi ra rang ty
I& pha tron véi khong dudi 20% dam thdng cho than cdp
thap va 40% ddm thdng cho than thai la phu hgp nhat. San
pham khi tang gia tri nhiét tri thap twong ng véi ty 1é pha
trén tang tlr 3700 dén 4560kJ/Nm? d6i vai dam thong/than
cdp thap va tr 4000 dén 4750kJ/Nm? doi voi dam
thong/than thai. Nang sudt khi san pham kho tang Ién véi
st gia ting ty lé pha tron tir 1,8 dén 3,2Nm?/kg (dam
thong/than cdp thdp) va tir 0,75 dén 1,75Nm/kg (dam
théng/than thai) tvong tng.

6. KET LUAN

Nhu vay, trén thé gi6i da cé nhiéu cac nghién ciru vé khi
héa hén hop than/sinh khéi vai nhiéu loai khac nhau, cac ty
[é tron khac nhau, diéu kién nhiét do khac nhau, cac chat
xUc tac khac nhau dé tao ra san pham khi c6 thanh phan
khac nhau, dac tinh khac nhau, nhiét tri khac nhau... Qua
cac nghién ctu trén co thé thay ré dugc mot s6 két luan
nhuv sau:

- Ty lé than trong hén hop than/sinh khéi cang I6n thi
nhiét tri cila san pham khi cang lon.

- Tang ty Ié hoi nuéc tham gia khi héa thi sé tang lvgng
khi H, tao thanh.

- Ty |é sinh khéi cang tang thi lugng CO,trong san
phdm khi cang I6n, lvgng H, gidam, con lugng CO va
hydrocacbon thi khéng phu thudc.

- Cac thanh phan san pham khi CO va H, tang Ién khi
tang nhiét dd khi héa, trong khi CH, va CO, dugc tao ra
khong bi anh huéng.

- Khi dung chat xdc tac la K,CO, so v§iNaHCO, va KHCO,
thi kha nédng clia K,CO, dé chuyén déi nhién liéu Ién hon
nhiéu so v&i cac chat xic tac khac la NaHCO, va KHCO.,

Tuy nhién hién nay d6i v6i mot s loai sinh khéi va
than & Viét Nam thi c6 rét it cac nghién clru vé khi héa
hoén hop. Céc chat xdc tac, ty 1& trdn, nhiét do khi hoa...
khac nhau anh hwéng I6n dén thanh phan va chét lugng
san pham khi. Vi vay, tac gia nhan thay viéc nghién ciru
khi h6a hdn hop than va sinh khéi cu thé & Viét Nam, t6i
vu hoa diéu kién khi hoa, chat xic tac sao cho thu dwoc
san pham khi theo yéu cau la van dé rat can duoc quan
tdm va nghién ctru.
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