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Tém tat. Hiéu suat nhiét cta qua trinh khi hda phu thudc vao nhiéu yéu t6, trong d6 tac nhan khi hoa la
mdt trong nhitng yéu té chinh anh hudng dén chit luong va nhiét tri ciia san phim khi (syngas). Nghién
clru nay dugc tac gia thuc hién bang phuong phap thuc nghiém nhim xac dinh anh hudéng cta tac nhan
dén dén chét luong va nhiét tri cua syngas. Nghién ctru da thyc hién thay d6i ty 18 oxy va hoi nudc trong
khong khi khi cung cap cho buong phdn tmg khi héa. M6 hinh thyc nghiém khi héa nguyén li¢u trau va
than d4 1a kiéu 10 phan tng kiéu nguoc chiéu, mdi ltra & trén (Top Lift Updraft — TLUD). Két qua thuc
nghiém cho thay, khi ding khong khi 1am tac nhan & ty 16 ER = 0,25 thi san pham khi syngas c6 nhiét tri
cao nhét (3835 kJ/Nm®). Khi ting ndng do oxy trong tac nhan 1én 70% thi chit lugng khi ting 1én dang ké
(nhiét trj syngas 1a 8646 kJ/Nm?), nhung doi hoi hé théng phai c6 cum cp oxy bd sung. Viéc bd sung hoi
nude ¢6 lam ting nhiét tri san pham khi, nhung khéng dang ké (ting thém 0,28% khi ty s& S/A
(steam/air) tir 0 dén 7. Thyc nghiém ciing cho thdy, véi ty s6 S/A = 0,5 thi chat lugng san pham khi 14 tot
nhat.

Keywords: Khi hoa, khi hoa than, khi hoa trau, 10 d6t khi hoa kiéu nguogc, tac nhan khi héa, thanh phan
khi tong hop.

EXPERIMENTAL RESEARCH TO DETERMINE THE AFFECT OF AGENT TO THE
QUALITY OF SYNGAS ON UPDRAFT GASIFIER MODEL.

LE DINH NHAT HOAI, BUI TRUNG THANH

Faculty Of Heat and Refrigeration Engineering, Industrial University Of Ho Chi Minh City
ledinhnhathoai@iuh.edu.vn; buitrungthanh@iuh.edu.vn

Abstract. The thermal performance of the gasification process depends on many factors, in which
gasification agent is one of the major factors affecting the quality and heat value of syngas. This research
uses the empirical method to determine the effect of the gasification agent on the quality and heat value of
the syngas when changing the composition of oxygen and steam. Experimental model of gasification
using rice husk and coal materials with type of Top Lift UpDraft gasifier (TLUD). The results show that
when using the air as an agent, at the equivalent ratio (ER) of about 0.25, the gas product produces the
highest calorific value (3835 kJ/Nm®). As the oxygen concentration increases by 70% in the agent, the
heat value increases considerably (8646 kJ/Nm®), but requires a pure oxygen supply. The addition of
steam increased the calorific value of the gas product, but was negligible (an increase of 0.28% as the S/A
ratio went from 0 to 7). The experiment also showed that with the ratio of S/A = 0.5, the quality of gas
products is the best.

Keywords: coal gasification, rice husk gasification, gasification, gasification agents, synthesis gas,
updraft gasifier, syngas.
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1 PATVANDE

Cong nghe khi hoa nguyén liéu sinh khdi da duoc nghien ctru va ung dung tai nhidu nudc trén thé
gidi tir thé ky 17. Tai Viét Nam, cong nghé khi hoa than gd ciing da duoc ung dung dé chay may phat
dién, xe tai, xe khach...trong diéu kién nhién liéu xang, dau trd nén khan hiém do Viét Nam bi cAm vén.
Nhirng nim gan ddy, cong nghé nay lai tiép tuc dugc cac nha khoa hoc nghién ctru chuyén sau hon, nham
nang cao hiéu suit khi hoa, ning cao nhiét tri va mo rong pham vi tng dung cong nghé.

Pham vi bai bao dugc tac gia trinh bay két qua nghién ctru thyc nghiém xac dinh anh huong cua cac
loai tac nhan khi hoa gdm khong khi, oxy, hoi nuéc ddi voi qué trinh khi hda nguyén liéu trau va than da
loai bituminous. Nghién ctru ndy nham danh gia su thay doi cac thanh phan khi chay va nhiét tri san pham
khi hoa khi thay d6i ty 1é thanh phan tac nhan khi hoa. Két qua nghién clru ciia tic gia nham bo sung vely
thuyét va thyc tién ciia cong nghé khi hoa nham gop phan cai thién hiéu qua sir dung cong nghé, tién téi
phat trién hé thong thiét bi khi héa phuc vu cho san xuat trong thuc tién.

2 PHUONG PHAP NGHIEN CUU
2.1 Nguyén ly khi hoa

Khi héa 12 mot qua trinh chuyén d6i cac vat liéu carbon héa hiru co dang ran sang dang khi thanh
carbon monoxide, hydro va carbon dioxide con dugc goi la khi tdng hop (goi tit 1a Syngas). Trong toan bo
qué trinh khi hoa s& xay ra giai doan nhiét phan va giai doan hoan nguyén, két qua 1 sinh ra san pham khi
¢6 thé chay duoc. Qua trinh khi hda va chéy 1 hai qua trinh nhiét hoa co lién quan chat ché véi nhau, nhung
¢6 su khéc. Trong khi khi héa 1a qué trinh chuyén hoa ning ciia nguyén liéu biomass thanh hoa ning ctia san
pham khi, tir d6 c6 thé 1am nhién liéu hda hoc va khi dbt thi sinh nhiét; con Chay la qué trinh oxy héa nhanh
caa mot vat liéu trong qua trinh téa nhiét hda hoc. Cac phan wng xay ra trong qué trinh khi hda trinh bay
trong bang 1 [1].Trong qué trinh khi hoa, hoi nudc va oxy ¢ thé duoc thém vao thiét bi khi hoa dé nang cao
chit lwong san phiam khi. Hoi nu6c duoc dua thém vao dé thiic ddy phan ung R2 tao thém khi CO va H2
cho hdn hop san pham khi ciia qua trinh khi hoa. Day 1a phan g thu nhiét manh va s& giam nhiét d6 cua
toan bo ving khi hda. Oxy dugc dua thém vao s€ thic day cac phan ting oxy hoa RS, R6, R7 xdy ra manh
liéu do d6 nhiét d6 cua thiét bi khi hoa ting cao dan dén viéc tang toc do cua cac phan g hda hoc trong
thiét bi khi hoa.

Bang 1. Cac phan ung trong qua trinh khi hoa

STT Loai phan trng Cong thirc phan wng I\I(ll:]e;/tklrlnrg’ll;g
R1 (Phan ing Boudouard) C+CO, < 2CO + 172
R2 (Phan tng vi hoi nude) Phan ing voi carbon C+H,O0= CO+H, +131
R3 (Phan tng tao metan) C+2H, <= CH, -74,8
R4 C+0.50,= CO -111
R5 C+0,2CO, -394
R6 Phan ing oxy hoa CO + 0,50, = CO, -284
R7 CH; + 20, < CO, +2H,0 - 803
R8 H, + 0,50, = H,O - 242
R9 Phjén l'Iflg chuyén hoa CO + H,0 & CO, + H, -41,2
hoi nudce
R10 2CO + 2H, = CH, + CO, - 247
R11 Phan ng tao methane CO + 3H; & CH4; + H,O - 206
R14 CO;, + 4H, = CH, + 2H,0 - 165
Phan tng tai tao véi hoi + 206
R12 nuéc (dinh nghia lai vi CH,; + H,O0 & CO + 3H,
c6 02)

© 2018Truong Pai hoc Cong nghiép thanh phd H6 Chi Minh




) NGHIEN CUU THUC NGHIEM XAC PINH ANH HUONG CUA TAC NHAN ) 93
DEN CHAT LUONG CUA SAN PHAM KHI TREN MO HINH KHI HOA KIEU NGUQC CHIEU

Két qua cua qua trinh khi hoa 1a tao ra duoc san phém khi chay duoc gém: CO, H, va CH,, khi thuc
hién dét chay cac khi nay s& sinh nhiét phuc vu cho siy, bao quan nong san, nung gém...hoic thé sir dung
cac khi (syngas) 1am nguyén lidu dé tong hop thanh cac hop chét hoa hoc phuc vu cho cac muc dich khac.
2.2 Cac phwong phap khi héa

Vé phuong phap khi hoa dugc chia lam hai dang chinh 1a khi héa voi nguyén li€u & trang thai tinh
(tang cb dinh (fixed bed) va khi hoa 16p nguyén li¢u ¢ dang di dong (moving bed) trong qua trinh khi héa.
Cu thé thi gdm 2 phuong phép chinh:

— Phuong phap khi héa v6i nguyén lidu ¢ trang thai tinh gdm c6 kiéu thuan chiéu (downdraft); kiéu
nguoc chiéu (updraft) va kiéu thoi ngang (crossdraft).

— Phuong phép khi héa v6i nguyén lidu ¢ trang thai di dong gom c6 kiéu tang soi (fluidized) va
kiéu khi dong (entrained bed).

Trong nghién ctru nay, tac gia thuc hién trén mo6 hinh khi hoa kleu nguoc chiéu (moi lira phia trén -
TLUD), nguyén liéu dugc cip tir trén xudng con dong tac nhan duoc cap tir phia dudi 1én. San pham dang

khi ctia qua trinh khi hoa dwoc Iy ra khoi budng phan tmg & dinh 10 phan éng.
San pham khi

Tro dang
phan &ng

VUNng chdy et

Nhién liéu

chuwa chay -

TR
Tro sau phan L’J'ngd

Hinh 1. Nguyén 1y hoat dong ctia mé hinh khi hoa kiéu nguoc chiéu TLUD

Tac nhan

2.3 Tinh toan nhiét tri ciia nguyén li¢u va san pham khi

Qua trinh thuc nghiém dugc thuc hién trén hai loai nguyén li¢u khac nhau la trdu va than dé (loai
bituminous). Thanh phan héa hoc cta hai nguyén liéu nay trong bang 2, trang thai cua than va trau khi
phan tich ¢ trang thai khdng khi kho (airdry)

Bang 2. Thanh phdn hoa hoc cta trdu va than bituminous (%), trang thai khong khi khé [2], [3]:
Thanh phan C H 0 N S A | W

Trau 37,1 | 41 | 316 | 036 | 0,05 | 17,7 | 9,09
Than bituminous 80,0 | 554 | 6,0 10 | 058 | 388 | 3,0

Theo cong thire cia D.I Mendéléép, co thé tinh duoc nhiét tri cao va nhiét tri thr?ip cta trdu va than da
¢ trang thai khong khi kho nhu sau [4]

Qe—trsu = 33858.C + 125400.H — 10868. (0 — S) = 14273,9 (:{‘—;) 1)
kJ MJ
Qeh—trsu = Qeeerau — 2500. (9. H + W) = 13124,1 (E) =13124 (2) @)
Qe—than = 33858.C + 125400.H — 10868. (0 — S) = 33444,5 (11:_;) 3)
kJ M]
Qen—than = Ce—than — 2500. (9. H + W) = 32123 (@) =277703  (~2) 4)

Thanh phan ctia syngas sinh ra phu thugc vao tac nhén, nguyén li¢u khi hoa va cac phu gia hd trg
phan rng néu cd, nhung chi yéu la cac khi H,, O, N, CO, CO,, CH,. Trong do6 chi c6 Hy, CO, CH, la
cac khi chay dugc va sinh ra nhiét luong twong tng 1a 10785, 12635, 35880 (kJ/m®). Cong thirc tinh nhiét
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tri ciia syngas duogc tinh theo [4]:
Qsyngas = 10785.[H,] + 12635.[CO] + 35880. [CH,] (%) (5)

3
2.4 So @0 bo tri thi nghiém

Hé théng thue nghiém duoc bd tri theo hinh 2, tac nhéq cung cép cho thuc nghiém khi hoa g(‘A)m
khong khi, oxy tinh khiét va hoi nuéc (hoi bio hoa kho & 4p suat 5 bar, twong tng véi 151,8°C).

. P S = = e, —

/7 N d | B | — ~
Quat cip KX | ®» " % W {  Pla(se)—4 Wit
|whi hos Z KN ~— =X ey
[ | A | = = T
p = S—— = . - Q 2t 18 do lwu
[ " T8 gidi nhigt TBlgcthé T8 lgc tinh hrgng gas
Binh Oxy
‘ T8 do hwru hwgng
N bt

Hinh 3. Té4c gia va m6 hinh thi nghiém khi héa

Tién trinh phan Ung va hinh thanh san pham khi syngas dugc biéu dién trén hinh 1. Sén pham khi
héa sau buong phén ung duogc di qua thiet bi giai nhiét; qua,thiét bi loc thd; qua thiét bi loc tinh; sau do
qua quat hat; thiét bi do luu lugong ké va di vao nhiét luong ké (hinh 2).

2.5 Dung cu do

Cac tac nhan cap vao 10 d6t khi hoa duge diéu chinh va kiérp soat luu lugng bang van va cac :[hié't bi
do. San pham khi sinh ra sau khi dugc 12:1111 mat, tach bui qua thi€t bi loc, sau d6 duogc ﬁua vao thiét bi do
luu lugng gas va di vao nhiét lugng ké (calorimeter) Junkers-Boys T136D. San pham khi syngas con
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dugc phén tich thanh phénv khi bang may sic ky (gas chromatograph) Agilent 7890A dé xac dinh thanh
phan khi chay trong san pham khi ngay sau khi lam thyc nghiém.

(b)

Hinh 4. Mot s6 thiét bi hd tro thyc nghiém

(a) Ong nghiém chuyén dung chira syngas

(b) Tac gia bén may sac ky Agilent 7890A

(c) Nhiét lugng ke T136D, thiét bi do luu lugng syngas
2.6 Phwong phap thye hién va iy miu phén tich

Mau lay phan tich dugc thuc hién theo trinh ty nhu sau: Thuc hién can va nap nguyén lidu trau, than
vao budng phan ung; khoi dong bu0ng phan ung; cho dén khi c6 ddu hiéu xuat hién gas ¢ ctra thoét gas;
tién hanh diéu chinh luong tac nhan cap vao budng dbt theo ché do van hanh (da dugc xéc dinh trugc);
thuc hién lay mau syngas vao ong nghiém chuyén dung va gt mau Jphan tich bang may sac ky (két qua
phan tich thyc hién trong ngay). Thoi diém Iay mau ngay sau khi két thuc giai doan mdi lira cho budng

phan ung, khoang tir 7 = 10 phut. Vi tri lay mau san pham khi ngay sau bo loc tinh. Trong qua trinh thuc
nghiém, ludn phai ghi chép céc so liéu tai thiét bi do luu luwgng syngas va nhiét lugng ke.

3 KET QUA VA THAO LUAN

Hinh 5 biéu dién anh huong cua luu luong khong khi lam tac nhan khi hoa dén thanh phan khi trong
syngas, khi thuc nghi¢m dot trau khi héa. Thuc nghiém cho ket qua, khi s dung khong khi lam tac nhén
khi hoa thi nong do khi CO cao hon so véi thanh phan khi chay khéc trong syngas.

70%

S 60%

S 50%

c 40%)

«@  30%

S 20%

= 10%

c 0% LT

g co2 co H2 CH4 02

F:ER=0,25 15.3% 19.1% 42% 2.7% 0.1% 58.6%
mER=0,3 16.8% 14.7% 3.9% 2.5% 0.1% 62.0%
=ER=0,35 17.9% 12.5% 3.6% 1.8% 0.15% 64.1%

Hinh 5. D4 thi anh hudng cuia luu lugng khong khi dén thanh phan syngas khi thyc nghiém khi héa trau

Két qua thuc nghiém trén cling cho thay, khi cap khong khi & ty 1¢ can bang ER (Equivalence Ratio)
ER= 0,25 cho chit luong syngas tét nhat trong pham vi khao st (dwoc thé hién qua gia tri nong do cac
khi chéay cao va nhiét trj 1én t&i 3835 kI/m®).

Theo nghién ciru cia tac gia [5], ty 16 1y tuéng cua cac thanh phan san phdm khi, khi sir dung khong
khi 1am tac nhan 12 30% CO, 15% H, va 55%N,. Néu ding oxy tinh khiét thi ty 1¢ nay 1a 66% CO va 34%
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H, (tinh theo thé tich).

Hinh 6, biéu dién quan hé anh hudng ciia luu lugng hoi nudce dén thanh phan syngas khi thuc nghiém
khi hoa than da bituminous.Theo phan g khi — nudc trong qua trinh khi hoa, lugng khi CO, tang 1én khi
thém hoi nuéc vao tac nhan khi hoa, trong khi d6 nong do khi metan thi hau nhur khong d6i (~0,1%). Thi
nghiém bd sung hoi nudc vao khi twoi 1am tac nhan khi hda duoc thyc hién voi cac mirc luu luong: 7 lit/s,
14 lits va 21 lit/s . Trong thyc nghiém nay ciing da xac dinh khi ting nong d6 hoi nudc vao tic nhan khi
hoa da lam suy giam thanh phan khi Ny, diéu nay duoc giai thich hoi nuéc di lam ting ham luong Ha, din
dén 1am giam ham luong N, trong san pham khi.

60%

e 50%
% 40%
o 30%
I
Z 20%
<
T 10% _
0% ‘:=:=:=:-: l—
co2 CH4 02 N2
7 lit/s 3.0% 44.6% 46.0% 0.1% 0.4% 5.9%
m14lit/s  5.5% 39.5% 51.0% 0.1% 0.3% 3.6%
=21/lit/s  8.2% 34.5% 53.0% 0.1% 0.1% 4.1%

Hinh 6. B4 thi anh hudng cua luu lwong hoi nuée dén thanh phan syngas khi thuc nghiém khi héa than da

D6 thi tai hinh 7 biéu dién két qua thuc nghiém xac dinh anh huong coa noéng do Oxy trong tic nhan
khi cip vao budng phan tng dén thanh phan san pham syngas d6i voi thuc nghiém khi hoa than da. Két
qua thuc nghi€ém cho thay, nong do oxy trong tac nhén cang cao thi cang lam giam ham lugng Nito trong
tac nhan va trong san pham khi, ddn dén 1am nhiét tri khi tong hop cang duoc nang cao.

60%
e 50%
c 40%
~«(0
S 30%
€ 20%
«©
= 10%
0%
N2
= 20% Oxi 6.4% 25.6% 13.2% 0.5% 54.3%
=30%0xi  13.0% 28.9% 24.1% 0.5% 33.5%
50% Oxi  15.1% 34.0% 31.9% 0.5% 18.5%
m70%0xi  17.7% 35.0% 37.5% 0.5% 9.3%

Hinh 7. D6 thi anh hudng ciia ndng do oxy trong tac nhan dén thanh phan syngas khi thuc nghiém khi héa than da
Mot van dé duoc tac gia luu ¥, trong qué trinh thuc nghiém, van tdc tic nhan khi qua bé mit nguyén
liéu trau khong nén 1én hon 0,3 m/s, va4i than da l1a 0,7 m/s. Néu van toc khi 16n sé lam tang nhiét do
buong phan tng khi hoa va lam bay tro, nhat 1a doi vdi 10 phan g kieéu TLUD.

4 KETLUAN
C6 thé nhan thay ring,thanh phan syngas thay d6i nhiéu khi thay ddi ty 1& (ER) cho trudong hop st
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dung khong khi [am tac nhéan khi hoa.

Trong diéu kién nghién ciru, khi sir dung hoi nuée bd sung vao khong khi 1am tac nhan cung cap cho
budng phan tng khi hoa khéng gay anh huong nhidu dén nhiét tri san pham khi (chi ting thém 0,28%) khi
ty s6 S/A (Steam/Air) tir 0+ 7.

Thanh phan san pham khi hoa khi cip hoi nugc bd sung hoic cip oxy bé sung vao khong khi lam tac
nhan khi héa thi cao hon so véi khi ding thuan khong khi lam tac nhan, nhung hé théng khi hoa nay phai
duoc trang bi thém thiét bi san xuat hoi nudc hoac thiét bi cung cap oxy bd sung.

Viéc lya chon loai tac nhan cho qua trinh khi hda phu thudc vao chat lwong san pham khi tong hop
(syngas) mong mudn. Néu sir dung hé théng khi hoa san xuat khi syngas va ung dung dé dot tao nhiét,
nén ding khdng khi lam tac nhan. Néu hoi nudc 6 sin thi ¢é thé tron 1an hoi nudc véi khong khi dé san
pham syngas cho nhiét tri cao hon. Néu mudn thu khi tong hop 1am nguyén li¢u dé tong hop héa hoc thi
nén dung oxy lam tac nhan.

5 LOICAM ON
Tac gia cam on Truong Pai hoc Cong nghiép TPHCM di cép kinh phi thuc hién dé tai [UH.KNL

09/15: “Nghién cieu thire nghiém xdc dinh anh huong cia tic nhdan dén chat heong cia san pham khi trén
mo hinh khi hoa kiéu nguoc chiéu”.
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