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TOM TAT

Ngd Ia mdt trong nhiing loai ngii cdc quan trong. Trong nhiéu nam lién tiép ngd |a loai ngii coc ¢d san lugng cao nhat trén thé gidi. Ng6 khong nhiing cung
cap hat dé 1am luong thuc thuc pham (ludc, rang, xdi, bot), thic dn chdn nudi, nguyén liéu cdng nghiép san xudt dau an, tinh bot, 16i ngd con dugc ding lam
thic an gia stic, 1am phan bén, cdi tao dét, hodc dt truc tiép dé st dung nang lugng. Tuy nhién, viéc st dung néng lugng tir viéc dét truc ti€p 16i ngd ¢4 rat nhiéu
han ché nhu chi diing dugc quy mé nhé, gay 6 nhiém méi truong va chat lugng cla ngudn nang lugng thap. Hién nay, viéc san xudt nang lugng khong qua dot
truc ti€p sinh khdi ma thdng qua cong nghé khi héa da tao ra ngudn nang lugng sach, bén viing, 6n dinh va khong & nhiém moi trutng. Cong nghé khi héa sinh
khdi dé tao ra san pham khitdng hap (syngas) da dugc nghién ctiu nhiéu trén thé gidi véi nhiéu cong nghé khac nhau. Trong bai bao nay, nhém tac gia da nghién
c(tu nang cao chat lugng san phdm khi khi khi héa 16i ngd & diéu kién nhiét do thap véi su tham gia cta xtic tac nickel/char va hoi nudc. Két qua nghién ciu cho
thdy miic dd chuyén hoa sang cac khi ¢d ich khi st dung chat xtc tac tang 1én rd rét so véi khong st dung chat xic tac. Dac biét 1a ham lugng H, tang gdp 15 lan,
(0 tang gap hon 6 1an. Diéu d6 cho thay tiém nang cla qua trinh khi héa 16i ngd noi riéng va sinh khdi ndi chung khi ¢é chat xtc tac nickel/char va hei nudc.
Phan tich hap phu/gidi hap phu N, vé chét thai ran cho thdy bé mat than cd do x6p tuong ddi I6n (dién tich bé mat 1a 542 - 575m2.g”"). Vi vdy, chat nay c6 thé
dugc ting dung nhu carbon hoat tinh duing trong loc nu6c/khi, hdp phu doc t6. Nghién cttu nay sé gop phan thiic ddy sy phat trién bén viing clia cong nghé khi
héa sinh khdi, st dung nang lugng tai tao ciing nhu su phat trién ctia nganh néng nghiép.

Tirkhoa: Khi hda, 16i ngd, than ndu, nickel/char, xtic tdc.

ABSTRACT

Corn is one of the most important cereals. For many consecutive years, corn has been the world's highest-producing cereal. Corn not only provides grain for
food (boiled, roasted, steamed, flour), animal feed, and industrial raw materials for cooking oil and starch production, but the cob is also used as animal feed,
fertilizer, soil conditioner, or directly burned for energy. However, using energy from directly burning corn cobs has many limitations, such as being only suitable
for small-scale use, causing environmental pollution, and resulting in low energy quality. Currently, energy production without direct biomass combustion,
through gasification technology, has created a clean, sustainable, stable, and environmentally friendly energy source. Biomass gasification technology to
produce syngas has been extensively researched worldwide with various technologies. In this paper, the authors investigated how to improve the quality of gas
produced by gasifying corn cobs at low temperatures using nickel/char catalyst and steam. The research results showed a significant increase in the conversion
to useful gases when using the catalyst compared to the absence of a catalyst. Specifically, the H, content increased 15 times, and 0, increased more than 6
times. This demonstrates the potential of corn cob gasification in particular, and biomass in general, when using nickel/char catalyst and steam. N,
adsorption/desorption analysis of solid waste revealed that the charcoal surface has relatively high porosity (surface area is 542 - 575m2.g™"). Therefore, this
material can be applied as activated carbon in water/gas filtration and toxin adsorption. This research will contribute to the sustainable development of biomass
gasification technology, the use of renewable energy, and the development of the agricultural sector.

Keywords: Gasification, corn cob, nickel/char, catalyst.

'Khoa Co khi, Truong Dai hoc Giao thdng van tai
“Email: tvbaydhgt@utc.edu.vn

178 | Tap chi Khoa hoc va (ong nghé Trudng Dai hoc Cong nghiép Ha Noi Tap 62 - 56 3 (3/2026)



P-ISSN 1859-3585 | E-ISSN 2615-9619 | https://jst-haui.vn

SCIENCE - TECHNOLOGY

Ngay nhan bai: 05/01/2026
Ngay nhan bai stfa sau phan bién: 20/3/2026
Ngay chdp nhan dang: 30/3/2026

1. GIGI THIEU

Ng6 dugc gieo trong trén nhiéu quéc gia va vung lanh
thd. Nang suat ngo trén thé gisi nam 2024 - 2025 khoang
1,22 ty tan [1]. Tai Viét Nam, ng6 dugc tréng rong rai ti Bac
vao Nam. San lugng ngd nam 2023 la 4.437,2 ngan tan [2].
Trung du va mién nui phia Bac la viing c6 san lugng trong
ngd I6n nhat ca nudc tiép dén la Bac Trung BO va duyén hai
mién Trung va mét s6 dia phuong khac véi nang suat lan
lugt Ia 1.657,6 ngan tan; 880,8 ngan tan [2].

Cac phu pham néng nghiép dugc tao ra tir cdy ngé c6
thé gay 6 nhiém tGi méi trudng va anh hudng dén stc
khoe con ngudi. Mot s6 nhiing giai phap tan dung phu
pham néng nghiép 16i ngd nhu: lam thiic an cho gia suc,
dugc dét dé 1dy nhiét, dugc st dung lam chat hap phu [3],
hodc nguyén liéu dé san xuat nhién liéu sinh hoc [4] hay
lam nguyén liéu trong cac nha may dién sinh khéi. Nhung
nhiing cach nay chua tan dung triét dé dugc nguén
nguyén liéu déi dao trén thé gidi. Do vay, viéc nghién ctu
khi hoa 16i ngé la vo cung can thiét d6i vsi nganh céng
nghiép nang luong tai tao va doi séng ctia mdi con ngudi.

Khi héa la mét qua trinh chuyén d6i nhiét hoa hoc cac
nguyén vat liéu cé ngudn goc carbon thanh cac khi dé
chay hoac khi téng hgp nhu H,, CO, CO,, CHa. Khi héa lién
quan dén phan Ung ctia carbon trong maéi trudng khi hda
nhu oxy, hai nuéc, CO, hoac la hén hgp cla cac moi
trudng & nhiét dé cao 600-900 °C hoidc I6n hon nita dé
sinh ra cac sdn pham khi. San pham cutia qua trinh cha yéu
[ CO, Haz, CH4, COy, H,0, N2, mét s6 vat chat hat nhu char,
tro va tar [5]. Qua trinh khi hda g6bm cac giai doan: sdy kho,
nhiét phan, oxy hda/cracking cac chat boc va khi héa
than. Sinh khéi dugc gia nhiét truéc sau d6 chiu su phan
ra do nhiét phan. San pham thu dugc (nhu khi, chat rén
va chat 16ng) phan tng véi nhau va véi ca tac nhan khi
hoa dé hinh thanh san pham cudi cung cda qua trinh khi
hoéa [6].

Da c6 mét s6 cac nghién clu vé 16i ngd & nudc ngoai
cho thay no thich hgp trong viéc khi héa ghi c6 dinh vai
nhién liéu dugc trong & vung Corabastos (Colombia) [7].
Nghién ctu dugc thuc hién trong 1o d6t tang cé dinh
18kW, & diéu kién nhiét d6 900°C véi cac toc do gia nhiét
khac nhau la 5, 20 va 50°C/phdt va luu lugng N, cap vao la
130ml/phut. Két qua clia nghién ctiu cho thay anh hudng
cta ham lugng vat liéu min dén qua trinh khi hoa. Khi héa
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16i ngo vé&i 15% vat liéu min (kich thudc hat dugi 10 mm)
cho phép san xuéat khi téng hop chat lugng tét hon (vé
ham lugng hydro va carbon monoxide cao hon): Ha: 17%,
CO: 16,7%, CO;: 6,2% va CHa: 3,1%, dan dén gia tri nhiét
lugng tang. Nhém nghién cdu S. Ning, S. Jia, H. Ying, Y.
Sun, W. Xu va H. Yin [8] da nghién ctu khi téng hgp giau
hydro bang khi héa hai char 16i ng6 véi tac nhan khi hoa
la hai nudc va chat xuc tac bang sirdung bé khi hoa ghi co
dinh. Thi nghiém dugc thuc hién & nhiét d6 900°C, téc do
dong hai nudc 0,4 g/phut. Bén loai mudi kiém khac nhau
(KOH, K2COs, NaOH va Na,COs) da dugc chon lam chat xuc
tac, char tir than cay ngé dugc sir dung dé lam chat mang
cla xuc tac. Két qua cho thdy KOH va NaOH c6 hoat tinh
xuc tac cao hon K,CO; va Na,COs. Khi ndong dé ctia KOH
trong khodng tur 2 - 9%, lugng CO tang 19,7% Ién 32,6%
trong khi ndbng dé H, gidm tur 63,8 % xuéng 58,3 %. Luu
lugng hoi nudc cling anh hudng dén san lugng hydro. Khi
luu lugng hoi nudc thay d6i tir 0,2 g/phut dén 0,4 g/phdit,
san lugng hydro tang 84%. Tuy nhién, khi tang luu lugng
hoi nuéc 1én 0,8 g/phut, sén lugng hydro chi tang thém
5,26%. O trong nudc, nhém nghién ctu Nhu Thuyen va
cong su da nghién ctru nhiét phan 16i ngd dé san xudt than
sinh hoc [9]. Trong nghién ctu nay, nhém st dung 16i bap
clla moét s6 giong ngd CC260-45, CC290-30, CC290-45,
CC320-15, CC320-30 va CC320-45 va nhiét phan & diéu
kién t6i uu dé san xuat than sinh hoc 1a nhiét d6 320°C
trong 45 phut. Véi diéu kién nhu vay, két qua dat dugc la
than sinh hoc c6 nhiét tri cao nhat 1én dén 24,29MJ.kg™" va
dd x6p 16n nhat la 74,94%. Nhu vay, ca trong va ngoai
nudc déu c6 nhiéu nghién ctu vé khi héa sinh khoi tuy
nhién chua cé nghién ctu nao nghién ctu khi héa 16i ngo
& nhiét do thap, dung chat xuc tac két hop vaéi tac nhan
khi héa la hai nudc dé tao ra san pham khi giau H,, vira st
dung dugc chat thai rdn dé cé thé lam than sinh hoc
(biochar) dung vao nhiéu muc dich khac nhau.
2. VAT LIEU VA PHUONG PHAP
2.1. Nhién liéu sinh khéi

L&i ng6 lai CP 311 dugc trong & Ninh Binh dugc chon
lam mau thi nghiém. Badp ngd sau khi thu hoach dugc
tach hat, phan 16i dugc phoi khé. Sau d6 16i dugc cho vao
may bam dén kich thudc 2 - 3mm réi dugc sdy kho trong
mdi trudng nitrogen & nhiét d6 60°C trong vong 24 gid.
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2.2. Than nau lam chat xuc tac

Than nau dugc nhap khau tir Indonesia, dugc sang dé
lay kich thudc hat tur 1 - 2mm bang sang (ray), sau dé duoc
say kho & nhiét dé 105°C trong vong 24h.

2.3. Phan tich dic tinh cia mau (Proximate and
Ultimate analysis)

DPé xac dinh cac dac tinh cla sinh khéi, si dung cac
phan tich ky thuat va phan tich nguyén t6 (proximate and
ultimate analysis) d€ xac dinh ham lugng chat béc V (tiéu
chuan TCVN 174), ham lugng tro A (tiéu chudn TCVN 172),
nhiét tri (TCVN 200) va ham lugng carbon c6 dinh FC
(FCdb =100 - V - A). Xac dinh ham lugng cac nguyén t6
carbon (C), hydrogen (H), nitrogen (N), va Oxy (O) ctia mau
trén co sG tiéu chuan TCVN 8621: 2015.

2.4. Thiét bi khi héa sinh khéi DBH21

Nghién ctru nay dugc thuc hién bang thiét bi khi hoa
sinh kh6i DBH21 dugc dat tai phong thuc nghiém khoa
Nang lugng Nhiét, Truong Co khi, Pai hoc Bach khoa
Ha Néi.

HE THONG
DIEU KHIEN

THANH
DIENTRO

: KHAY MAL

SPKHi

A
BO LOCKHI

Hinh 1. Thiét bi khi hda DBH21

Tap chi Khoa hoc va Cong nghé Trueng Dai hoc Cong nghiép Ha Noi

Hinh 1 1a hinh anh va so d6 nguyén ly cta thiét bi khi
héa sinh khoi DBH21. Thiét bi bao gém mot 6ng thach
anh (hoac gém chiu nhiét), thanh dién tré. Phia trong 6ng
g6m 2 khay, mot khay dé mau khi hda va mot khay dé
chat xuc tac. Khi N, va hoi nuéc dugc cap vao tu phia trén.
San pham khi (syngas) dugc Iy ra & phia bén dudi vao tui
chua khi thi nghiém chuyén dung sau khi di qua thiét bi
loc khi (2 binh thuy tinh c6 cac hat thay tinh).

Sinh khoi (16i ngd) khéi lugng 5 gram dugc dat & khay
mau phia trén, chat xuc tac nickel/char (5 gram) dat &
khay mau phia dudi. Két néi cac dudng 6ng dan khi N,,
nudc va dudng éng lay khi vao tui khi vao hé théng thiét
bi. Sau khi két n6i xong phai dam bao hé thong dugc kin
hoan toan. Thi nghiém dugc bat dau thuc hién véi viéc
ma& van khi N, d€ day hét khong khi khoi hé théng. Sau d6
chinh van luu lugng N, vé gia tri 3 lit/h. Tiép theo, bat
nguon dién dé cap nhiét cho vung dat xuc tac (khoang
phia duéi ctia 10) dén nhiét d6 thi nghiém la 600°C vai t6c
dd gia nhiét la 10°C/ phdat. Sau d6, tiép tuc cap nhiét cho
vung dat mau khi hoa cling véi téc d6 gia nhiét 10°C/
phut cho dén khi dat nhiét d6 thi nghiém (550, 600,
650°C). Khi nhiét d6 vung dat mau dat 150°C thi m& van
nudc dé cap nudc vai luu lugng 3 ml/h, dat dén 200°C thi
bat dau thu khi vao tai dung khi thi nghiém chuyén dung.
Thai gian 13y khi t6ng hop la 60 phut. Sau khi 1y da khi
thi ngat van nudc, ngat nguodn dién, van van cua tui lay
mau khi thi nghiém va mang di phan tich bai thiét bi sac
ky khi GC. Chat thai ran con lai dugc lay ra khi 1o da ngudn
hoan toan va mang di phan tich.

2.5. Thiét bi nhiét phan Nabertherm

Day la mot 16 nhiét kin, c6 dudng cap khi N,, nhiét do
c6 thé dén 3000°C, cap nhiét theo chuong trinh cai dat,
dugc san xuat tai Duc va dat tai phong thi nghiém Nang
lugng, Truong Pai hoc Khoa hoc va Céng nghé Ha Néi.
2.6. Thiét bi phan tich khi GC

Méy phan tich thanh phan khi téng hgp (sac ky khi) c6
model la 990 Micro GC dugc dat tai phong thi nghiém
Nang lugng, trudng Pai hoc Khoa hoc va Cong nghé Ha
Noi (USTH) dugc st dung dé do thanh phan khi téng hap
sau khi khi hoa. Két qua phan tich khi cho biét thanh phan
khi 6 trong san pham khi téng hgp nhu: O, Hy, CO,, CH,,
C2H6, CO, Nz.

2.7. May phan tich Micrometrics ASAP 2060

May phan tich Micrometris ASAP 2060 dugc st dung
dé do su hdp/nha N, ctia chat thai ran sau khi hda & nhiét
d6-196°C. Mau ban dau dugc thoat khi trong chan khéng
3 300°C trong 6 gid. D liéu dugc ghi lai trong khodng ap
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suat 0 < p/po < 0,99. Véi dit lieu thu dugc, phuang phap
Brunauer - Emmett - Teller (BET) da dugc sir dung dé xac
dinh téng dién tich bé mat riéng cla mau va téng thé tich
16 rdng. Thiét bi nay dat tai dat tai phong thi nghiém Nang
lugng, trudng Pai hoc Khoa hoc va Céng nghé Ha No6i
(USTH).
2.8. Phuong phap ICP-MS

ICP-MS 1a mot ky thuat phan tich dugc st dung dé xac
dinh nguyén t6. ICP-MS la mét ky thuat phan tich dugc su
dung dé xac dinh nguyén t6. Trong nghién clu nay,
nhom nghién cdu da st dung phuong phap nay dé xac
dinh thanh phan nickel c6 trong chat xuc tac nickel/char.
Thiét bi nay c6 model la ELAN® 9000 ICP-MS cua hang
Perkin Elmer dat tai Vién Ky thuat Nhiét dsi thudc Vién
Han lam Khoa hoc va Cong nghé Viét Nam.
3. KET QUA VA THAO LUAN
3.1.Pac tinh cia mau 16i ngd

Két qua phan tich Proximate and Ultimate analysis
dugc cho trong bang 1.

Bang 1. Dac tinh k§j thudt cla 16i ng6 CP311

Kyhieu o | a | w | c | H|N|S]| o0
mau/ A

chi ticu (MJ.kg™) |(% wt)| (% wt) | (% wt) | (% wt) (% wt)|(% wt)| (% wt)
P311 | 18,85 | 547 | 71,37 | 5091 | 6,77 | 0,78 | 0,09 | 35,98

Q*.: Nhigt tri cao ctia nhién liéu & mdu khd, A*: ham lugng tro @ mau khé, V:
chdt bdc ¢ mau kho, C: Carbon, H: hydrogen, N: Nitrogen, S: luu huynh, 0: Oxy.

Tu bang 1 ta thay, nhiét tri ctia 16i ngb gidbng CP311 la
18,85MJ.kg™". Gia tri nay kha cao so v&i mét sé loai sinh
khéi. Nhiét tri cao cha vé hat ca phé thap hon, dat
16,73MJ.kg™ [10], clla ba mia la 16 + 0,4MJ.kg™ [11], cUa
trau la 15,03MJ.kg [12] va tuong duong vGi mot s6 sinh
khoi khac. Sinh khéi cia 16i ngé CP311 c6 ham lugng chat
béc, ham lugng cac bon cé dinh cao va ham lugng tro kha
thap cho thdy phu hgp cho viéc khi héa dac biét véi quy
mo khi héa 16n.
3.2. Pac tinh cta chat xic tac Nickel/char

Nickel/char dugc téng hgp bang phuong phéap trao
déi ion gitta than nau va hgp chat NiCO3.2Ni(OH),.4H,0,
(NH,),COs trong méi trudng kiém. Sau qua trinh trao déi
trong vong 24h, cac ion nickel sé thé vao ché cac ion H
trong nhom OH cua cdu trdc hat than nau tao ra chat xdc
tac nickel/char. V& mbi nong dé hop chat
NiCO3.2Ni(OH),.4H,0, (NH,),CO; khac nhau thi néng dé
nickel cé trong nickel/char sé khac nhau. Phuong phap
ICP-MS dugc sir dung dé xac dinh thanh phan nickel c6
trong chat xuc tac nickel/char trén 3 mau. Qua trinh xac
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dinh ham lugng nickel dugc thuc hién tai Vién Ky thuat
Nhiét dgi thudc Vién Han lam Khoa hoc va Cong nghé Viét

Nam. Két qua dugc thé hién trén bang 2.
Bang 2. Két qua phan tich ICP-MS

Tl Ténmau (’:hl tIeg Dd.n Phuang’phap Kef

thirnghiém | vi thi qua

. Mau EPA305&EPA 23
nickel/char s6 1 PN tich b 60208 '

)| M |ujxrr]1 Iiuickaerln EPASOSBEPA ) |
nickel/char s 2 g . wt% 6020B '

8 trong mau

3 Mau EPA305&EPA 365

nickel/char s6 3 60208 '

Tur két qua cho thady mébi mau khac nhau thi ham lugng
nickel khac nhau. Diéu nay la két qué clia qua trinh téng
hgp nickel/char v6i cac nong d6 hgp chat
NiCO3.2Ni(OH),.4H,0, (NH4),CO; khac nhau. Vi mau sé 2,
ham lugng nickel 1a 7,1%. Ham lugng nay la kha hiéu qua
dé dung lam chat xuc tac khi khi hoa sinh khéi [13, 14, 15].
Trong nghién cttu nay, nhom tac giad chi s dung mau
nickel/char s6 2 c6 thanh phan nickel 1a 7,1% lam chat xuc
tac khi khi héa 16i ngo.

3.3. Pac tinh cta khi sdn pham

3.3.1. Khi khéng str dung chdt xtic tdc

Khoi lugng mau la 5 gram 16i ngé dat vao khay mau
phia trén cda thiét bi khi héa. Tai khay phia dudgi, do
khong st dung chat xuc tac nén dugc thay bang cat, khi
N, dugc cap vao vdi luu lugng 3 lit/h. Tac nhan khi héa la
nudc véi luu lugng 3 mi/h. Nhiét dé tai khay phia dudi
(cat) [a 600°C, nhiét d6 khay phia trén dugc nhém tac gid
thuc hién & cac gia tri 550, 600 va 650°C. Khi san pham
dugc phan tich trén thiét bi phan tich khi 990 Micro GC,
két qua phan tich dugc trinh bay hinh 2.

San pham khi, mmol /g C
~
8

1,00
0,50

Hinh 2. Lugng san phdm khi thanh phéan

550 oC 600 0C
mmol CO/g C

mmol C02/g C

650 oC

mmmol H2/g C
mmol CH4/g C

Két qua hinh 2 cho thay, lugng CO; sinh ra trong thanh
thanh phan khila 16n nhat so vai cac khi khac (Ha, CO, CHa)
khi khi héa sinh khéi & cac nhiét d6 khac nhau. Va thanh
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phan H, la nhé nhat. Két qua nay ciing phu hgp véi cac
nghién cdu trudc d6 cla cadc nhém tic gid Muthu
Dineshkumar va céng su [16], cda nhém tac gid N.
Tippayawong, C. Chaichana, A. Promwangkwa va P.
Rerkkriangkrai [17] khi khi héa sinh khéi. Tuy nhién sy
chuyén d6i carbon thanh cac san pham khi lai kha thap.

Ty & chuyén héa carbon sang san pham khi tdng hop (%)

.///

5 R

5

Ty 1é chuyén héa C, %

o N » O ®

g

550 600 650 700
Nhiét dg khi héa, °C

Hinh 3. Ty I& carbon chuyén héa sang san pham khi

Hinh 3 la ty Ié carbon chuyén hoa thanh khi san pham.
Theo d6, 6 550°C, ty I& chuyén hoda carbon sang san pham
khi la 7,9%, & 650°C thi gid tri nay la 11,6%. Trong khi d6
carbon c6 trong tar & nhiét d6 khi héa 650°C la 32, 1%
(hinh 4). Lugng carbon con lai la & trong char (char la
thanh phan ran con lai sau khi hda ma chua chuyén hoa).

Ty |é chuyén d8i carbon sang tar, %

35,0

30,0 /

25,0

20,0

Ty 16 chuyén déi carbon sang tar, %

10,0
500 550 600 650 700
Nhiét d khi héa, oC

Hinh 4. Ty |& chuyén d6i carbon sang tar

Tu két qua trén cho thay rang, lugng carbon chuyén
hoa thanh tar la rat 16n, chiém khodng 32% t6ng lugng
carbon. Tar trong hé théng khi hoa gay tac dudng 6ng,
6 thé hinh thanh c6c, lam gidm nang suat va chat lugng
khi san pham. Vi tar la cac hydrocarbon nén thanh phan
cla chung cha yéu la carbon va hydro. Vi vay hoan toan
€6 thé chuyén hoa tar thanh cac khi thanh phan nhu H,,
CHa, CO, dé lam tang chat lugng san pham khi

3.3.2. Sirdung xtic tdc nickel/char

Trong thi nghiém nay, khay dat mau 16i ngé & phia
trén c6 khéi lugng mau la 5 gram, dugc gia nhiét dén
600°C. Gia tri nhiét d6 nay dugc gilt cho tat ca cac thi
nghiém. Khay phia duéi dé xuc tac khéi lugng 5 gram,
nhiét d6 khay dat xuc tac 1an lugt thay déi la 500°C, 550°C,
600°C, va 650°C. Khi san phdm dugc phan tich trén thiét
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bi phan tich khi 990 Micro GC, két qua phan tich dugc
trinh bay hinh 5.

Tu két qua trén trén hinh 5 cho thdy rang, khi c6 xuc
tac nicken/char, lugng san pham khi tang lén r6 rét dac
biét véi H, (gap hon 15 1an) va CO (gdp haon 6 1an), cu thé
khi khéng cé xuc tac, san lugng ctia H, va CO lan lugt la
1,7 va 1,99mmol/g C. Con khi st dung chat xdc tac & nhiét
dé 650°C, san lugng nay lan lugt la 26,67 va 12,8 1mmol/g
C. Su gia tang nay la do tar va san pham khi di qua vung
c6 xuc tac nickel/char. Tai day da xady ra cac phan ung
cracking tar, phan (ng dich chuyén nuéc-khi [18, 19], dé
tao ra CO va H,. Dac biét vai su xuat hién tac nhan khi hoa
la nudc da xuat hién cac phan tng reforming hai nudc da
tao ra nhiéu khi H, [19, 20].

- Cac phan ting sau xuat hién véi su c6 mat clia xuc tac
géc nickel:

+ Phan tng khi hoa tar:

xuc tac niken

tar + H,O ————— hydrocarbon+CO+CO,+CH4+C (1)
+ Phan tng dich chuyén nudc, khi:

CO +H0 ﬁ H, + CO, (2)
+ Phan ing metan hda:
CO +H; }M CH4 + CO, (3)
- Phan ung reforming hai nuéc
CH4 +H,O0=CO + 3H, (4)
CoHm + nH20 =nCO + n + (m/2)H, (5)

6,00
& 5,00
g 4,00
5 3,00

Cat 500 550 600 650

Nhiét d6 chat xuc tac, ,C —@— mmol CH4/g C

a) Lugng khi CH,

Lugng khi CO,, mmol/gC
O B N W » 00 OO N

cat 500 550 600 650

Nhiét dd xuc tac, °C —o—mmol CO2/gC

b) Lugng khi €0,
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Hinh 6 la hinh anh clia 2 bd loc khi syngas. Binh phia
30,00 trdi la binh loc syngas khi khi héa 16i ngé ma cé xuc tac
nickel/char, con binh phia phai la c6 xuc tac nickel/char.
TU hinh anh trén c6 thé thay rang, lugng tar trong syngas
khi dung xuc tac nickel/char la rat it.

B

5
8

Lugng khi Hy, mmol/gC
5 &
8 8

Hinh 7 thé hién két qua tng san lugng khi sdn pham
khi khi héa & diéu kién nhiét d6 khac nhau. Khi khéng cé

i
=}
s}

Cat 500 550 600 650 xuc tac, sdn lugng cda syngas chi la 9,39mmol/gC, trong
Nhigt do chét xc tac, oC —o—mmol H2/g C khi c6 xuc tac & nhiét d6 650°C, téng san lugng syngas la
) 50,39mmol/g C.Nhu vay téng lugng khi san pham khi khi
¢) Lugng khi Hy hoa c6 xuc tac nickel/char gap hon 5 lan so véi khong
dung xuc tac.
14,00
o 1200 3.4.Pac tinh ctia char
2 100 Sau khi khi hoa, chat ran con lai & khay phia trén
g 800 (phan con lai ctia sinh khéi sau khi héa) dugc goi la than
3:3, zzz hodc char hodc than hoat tinh (hinh 8). Thanh phan chu
B o yéu con lai trong char la carbon (> 90%). Ngoai ra con c6
1 s6 kim loai khac, thanh phan ctia né phu thuéc vao loai
Cat 500 550 600 650 Sinh khél
nhiét dé chat xuc tac, °C —e—mmol CO/g C

d) Lugng khi CO
Hinh 5. Lugng khi sén pham khi héa cd xiic téc 6 céc nhiét do khéc nhau
Vi su xuat hién clia cac phan ung (1), (2), (3), (4), (5),
lugng CO, CH4, Hy dugc hinh thanh tang vot, lugng tar
gidm dang ké.

Hinh 8. Than hoat tinh (char) ctia I6i ngo

Ba mau char sau khi hoa & nhiét dé 600 °C dugc dung

K , . dé xac dinh dién tich bé mat va thé tich 16 réng. Phép do
) | B dugc thuc hién trén may phan tich Micrometris ASAP

Hinh 6. Binh loc syngas khi ¢ va khong c6 xiic tac 2060. Két qua do dugc cho trong bang 3.

. , . ) Bang 3. Dién tich bé mét va thé tich 16 rong cia mau than hoat tinh cla
Tong luvong san pham khi, mmol/g C

16i ngd
& 60,00
S s000 o Tong dién tich bé mat, Thé tich 1 rong,
£ Tén mau
% 40,00 (mz.g") m3.g"
:E: 30,00 Mau 1 561 0,28
g 2000 Mau 2 542 03
g 100 Miu33 575 032
E ' cat 500 550 600 650 Bang 3 cho thdy, dién tich bé mat va thé tich 16 réng
Nhiét d6 xuc tic, oC cta char sau khi hoa la kha 8n dinh. Gia tri dién tich bé

X . e mat 1a 542 - 575m2.g”". D& c6 thé lam dugc than hoat tinh
Hinh 7. Tong san lugng khi sén pham & cac nhiét do khac nhau

Vol. 62 - No. 3 (Mar 2026) HaUl Journal of Science and Technology | 183



CONG NGHE

https://jst-haui.vn | P-ISSN 1859-3585 | E-ISSN 2615-9619

hay khong phai thuc hién nhiéu phép do nhu: kha nang
hap phu CO,, xac dinh kich thudc cta céac 16 réng... Tuy
nhién vai dién tich bé mat 1a > 500m2.g™", téng thé tich
clia cac 16 réng kha 16n thi du diéu kién dé dugc st dung
lam than hoat tinh dung trong cong nghiép [21].

4. KET LUAN

Bai bao nay nghién cliu nang cao chat lugng san pham
khi khi khi hoa 16i ngoé & nhiét d6 thap bang phuong
phdp dung xuc tac nickel/char va hai nudc, trong moi
truong khi tro nitrogen. Két qua thu dugc nhu sau:

- So véi khéng dung xuc tac, lugng H, tang 15 lan va CO
tang 6 lan, giam dang ké lugng tar c6 trong khi syngas. Cu
thé, khi khdng cé xuc tac, lugng ctia H, va CO lan luot 1a 1,7
va 1,99mmol/g C. Con khi st dung chat xic tac & nhiét do
650°C, gia tri nay lan lugt la 26,67 va 12,81Tmmol/g C.

- Téng san luong syngas tang gap hon 5 1an so vai
khéng dung xuc tac. Cu thé, khi khong cé xuc tac, téng
san lugng cda syngas chi la 9,39mmol/gC. Khi c6 xuc tac,
gia tri nay dat 50,39mmol/g.

- Chat ran con lai (char) cé dién tich bé mat va d6 rong
x8p kha I6n 542-575m2.g". Hoan toan co6 thé dugc s
dung dé lam than hoat tinh.

Cackét luan trén lam ca s& cho nhiing nghién ctu tiép
theo dé€ lua chon tiang lugng khi H,, ¢4 thé chuyén hoa
hoan toan tar sang san pham khi ciing nhu xay dung céng
nghé hoan chinh khi héa cho 16i ngé va mét s6 loai sinh
khoi khac.
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