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Tom tat

Trong nghién ciu nay, mot hé théng nhiét phan nhanh kiéu tang séi cong suét 100g/gi¢ duoc st dung dé
khdo sat anh hu’ang cla téc do nap ligu, nhiét dg, luu long dong khi mang, va kich thuéc hat bé ca phé dén
hiéu suét thu héi san phadm long Két hop céc két qua nghién cuu thie nghiém va mé hinh thue nghiém quay
bac hai dé xac dinh cac gia trj toi wu. Két qua cho théy, hiéu suét sdn phédm I8ng cao nhét 1a 45,02 %kl tai tbc
doé nhép liéu 27 v/ph, nhiét do phan tmg 475 °C, luu long khi tang séi 6 I/ph, kich thuéc hat nguyén liéu 500
um. Ngoai ra, mét sb dic tinh cha bio-oil nhw nhiét tri, d6 nhét, ham Itrong nwée, v.v.. ciing duoc phén tich
trong nghién ctru nay.

Tir khoéa: nhiét phan nhanh, ba ca phé, tAng soi.
Abstract

In this research, a system of fluidized-bed pyrolysis with capacity 100 g/h was used to investigate the affects
of the feedstock feed rate, pyrolysis temperature, the flow rate of the fluidizing gas, and biomass patrticle size
on the yield of liquid product. Combining the result of experiment and central composite rotatable designs
(CCRD) to determine the optimum value. It has been shown that, under conditions investigated, the maximum
yield is obtained 45,03 wt% at 27 rpm, 500 °C,6 I/min, 500 um. Also, the characteristics of bio-oil such as

higher heating value (HHV), viscosity, moisture content, etc were also analyzed in this research.

Keyword: Fast pyrolysis, Spent coffee grounds, Fluidized bed.

1. Giéi thiéu

Viét Nam 1a mot trong nhitng nudc xuit khiu ca
phé 16n nhat trén thé gidi [1]. Qua trinh ché bién ca phé
s€ tao ra mot lwong ba ca phé rat 1on. Day chinh 1a mét
trong nhirng ngudn biomass doi dao, chiém sé lwong
dang ké & Viét Nam hién nay. Ba ca phé thuong dugc
sir dung dé trong nim, 1am phan bén, nhién liéu cho 10
dbt nhung phan 16n 1a bi d6 bo. Cac nghién ciru vé ba
ca phé gan déy chu yéu tap trung vao chiét tach lugng
dau sin c6 va nghién ctru kha ning hip phu kim loai
ning dé xur Iy nudc thai. Huéng nghién ciru vao muyc
dich san xuét ra bio-oil hién van chua nhan duoc quan
tam. Trong khi do, ba ca phé c6 ham lugng cellulose
chiém gan 50% khdi lwong ba kho, ham luong dau tir
19,12 = 21,11 % , nhiét tri khoang 25,36 MJ/kg [2],
day la nhirng yéu td rat thuén loi lam gia tang hiéu sudt
va chat lugng bio-oil nhit 1a khi sir dung phwong phap
nhiét phan.

Vé co ban, ¢ hai phuong phép nhiét phan vat
liéu biomass, bao gom nhiét phan nhanh va nhiét phin
cham. Phuong phéap nhiét phan cham thuong dugc st
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dung cho tmg dung dé thu dugc san pham khi va than,
trong khi phuong phap nhiét phan nhanh duoc dung dé
tao bio-oil long [3]. Phuong phap nhiét phan nhanh,
doi hoi thoi gian Iuu cta nguyén li¢u va ca cia san
pham qua trinh nhiét phan phai nho hon mot gidy [4].
Nham dép Gng diéu kién trén, hé théng phan tng tang
s01 thuong dugc sur dung dé nhiét phén céc vat liéu
biomass do cic uu diém nhu qua trinh van hanh lién
tuc, nang suat 16n va dé dang diéu khién v.v... Tuy vay,
da sb cac thiét bi ting sbi hién nay thudng chi c6 mot
dAu ra chung cho ca san phim 16ng (bio-oil) va rén
(than). Piéu nay dan dén hé qua 1a kich thudc hat
nguyén liéu biomass ¢ dau vao phai du nhd dé sau khi
phan g hoan tat, phan hat ran san pham c6 thé bi 161
cudn ra ngoai boi dong khi tao tang s6i. Két qua 13, néu
khong kiém soat tdt kich thudc hat ¢ diu vao thi qua
trinh nhiét phan s& dan dén sy tich liy san pham rin
trong binh phan tng, va do vay, hé thong s€ khong thé
hoat dong on dinh va lién tuc.

Tu nhitng phén tich néu trén, ba ca phé da duoc
g dung trong nghién ctru nay dé khao sat kha nang
nhiét phan nhanh trén h¢ thiét bi phan tng ting sbi cai
tién c6 hai ddu ra cho san pham. Cac thi nghiém dugc
tién hanh theo ma trin quy hoach thuc nghiém dé im
ra diéu kién t8i wu nhim thu duoc hidu suét long cao
nhét. Bén canh do, cic dic trung ciia nguyén liéu ba ca
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phé ciing nhu san pham bio-oil nhiét phan ciing dwoc
khéo sat nghién ctru.

2. Phwong phap thuc nghiém
2.1 Nguyén li¢u

Ba ca phé cua cong ty Ca Phé Trung Nguyén sau
khi thu gom duoc phoi ning dé loai phan 16n am va
sang dé thu dwoc nguyén liéu véi cac kich thudc khac
nhau. Sau d6, duge sdy & 80°C trong 24 gid thu dugc
nguyén liéu c6 d6 4m 12,7%. Mau dugc bao quan trong
tai kin noi kho thoang dé sir dung cho cac thi nghi¢m.

Cac phan tich chi ti€u hod ly nguyén liéu nhu:
ham lugng tro dugc xéac dinh theo phuong phap ASTM
E 1755; ham am nguyén liéu dugc xac dinh trén may
do d9 am Sartorius MA 35 (Phong thi nghiém Cong
Ngh¢ Thuc Phdm — Pai hoc Bach Khoa - PHQG
Tp.HCM); két qua phan tich TGA (Thermal Gravity
Analysis) dugc do tai Khoa Cong Ngh¢ Vat Li¢u — Dai
hoc Bach Khoa PHQG Tp.HCM; két qua phan tich
ham lwong chét kho dwoc do tai Vién Cong Nghé Hoa
Hoc Tp.HCM; ham lugng hemicellulose, cellulose va
lignin dugc phén tich theo phuong phép kiém trinh bay
trong cong b cua tac gia Vii Dinh Ngo [5].

2.2 H¢ thong nhiét phin

H¢ thdng nhiét phan gdm: mot thiét bi nhiét phan,
mdt cyclone, hai thiét bi ngung tu bang thuy tinh dwoc
trinh bay nhu Hinh 1 & trén. Thiét bi phan tng c6 thé
tich 0,0712 lit, tat ca hé théng dan hoi déu dugc cich
nhiét. Thiét bi ngung tu la 2 6ng sinh han ru6t X04n
1am lanh bang nude 15°C. Mai thi nghiém, sir dung 20
g mau cho vao phdu nap liéu. Ngoai ra, thiét bi phan
(g con bd sung 15 g cat c6 kich thudc hat 250 + 300
pm. Khi nhi¢t @6 10 nung dat t6i nhiét do thiét 1ap thi
mé van cho khi théi vao binh nhiét phén, luu luong
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dong khi mang s& duogc diéu chinh tiry thudc vio thoi
gian Iuu da dugc tinh toan. Pau tién, khi dugc thdi vao
khoang 15 phut cho dén khi toc d6 dong khi va nhiét
d6 6n dinh. Sau do, bat cong tat nap liéu dé déy ba ca
phé vao thiét bi phan tmg vdi mot toe do da xac dinh.
Trong qué trinh nhiét phan, san phim rén c6 kich thudc
nho dwoc dong khi mang 16i cubn ra ngoai cling véi
hoi nhiét phan di vao cyclone va cac hat ran dugce tich
tai day. Trong khi ¢, cac phén tir ¢6 kich thudc 16n
hon dugc ddy ra ngoai qua 6ng dan bén hong vio binh
himg than bén dudi. Sau khi di qua cylone, hdn hop
san phém (l16ng va khi) dugc 1am lanh béng hai 6ng
sinh han. Phan 1ong dugc ngung ty vao trong hai binh
cdu, c4c phan khong ngung bi giit lai trong phéu loc ¢6
nhoi bong.

Khdi lugng ctia san pham 16ng (Wse) 12 su thay
d6i khdi lugng cta hai binh cau va phéu loc cotton
trudc va sau thi nghiém, hiéu sudt thu hdi long duogc
tinh theo céng thuc. Hiéu sult (%) = “::VL X
100%. Trong d6, Whiomas 12 khdi lwong biomass
nguyén li€u su dung trong thi nghi¢m.

2.3 Quy hoach thuc nghiém
a. M6 hinh thyc nghiém:

Trong nghién clru nay, mo6 hinh quy hoach quay
cép 2 [6] da duoc lya chon dé st dung. M6 hinh thuc
nghiém s& duoc biéu dién dudi dang céc bién ma héa
X; ¢6 dang nhu sau:

. k k k k
Y=b,+3bX;+Y Vb XX, + Y b X}
i=1 i=1j>i |

trong do, h¢ 56 bo, b, bjj, bii 1a cac hé'mg s cuia phuong
trinh.
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Hinh 1. So db hé théng nhiét phan ba ca phé
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b. Téng sé thi nghiém:

S6 thi nghiém duoc xac dinh nhu sau: N = 2 +
2k + n, = nj + ng + n, . Trong d6, nj = 25 1a s6 thi
nghiém ¢ nhan (X=%1),n, =2k la s6 thi nghi¢m trén
canh tay don (X =+ &) va n, 1a s§ thi nghiém & tim
X =0).

c. Ma hoa cac bien thuc:
Y 1 s s X; — x,f’
Céc bién ma hod dugc xac dinh nhu sau: X, =

i
. Trong d6 x°% 1a trung di€ém cda bién thuc x;, vé&i

max min
+X;

o
Xi

5 Ax; la chénh léch cta khoang

LA Cn Lo g1k - X;
bién thién doi vadi bién thuc x; voi Ax; =4 ;

x;"1a cén trén cta bién thye, x™" 1a can dudi cua
bién thuc
d. Kiém dinh thong ké:

Sau khi cdc hé s6 hoi quy duge xac dinh, y nghia
théng ké s& duogc kiém dinh dya theo theo tiéu chuan
Student. Cudi cung, phuong trinh quy hoach thuc
nghiém thu dugc s& dwoc kiém tra theo tiéu chuin
Fisher.

2.4 Phan tich ddc tinh sin phim

Céc phan tich chi tiéu hoé 1y san pham nhu: ty
trong dugc xac dinh theo ASTM 1298, d6 nhét dong
hoc theo ASTM 445, ham lugng chat ran theo ASTM
D7579, ham lugng nudc dugce phan tich theo phuong
phép cia Orzherovskii M.A. [7], nhiét tri ciia bio-oil
va GC-MS ctia miu san phim dugc phén tich tai Phong
thi nghiém trong diém Cong nghé Héa hoc va Dau khi
(bai hoc Bach Khoa PHQG Tp.HCM).

3. Két qua
3.1 Tinh chit nguyén ligu

Nguyén liéu duge xac dinh mot s thanh phan co
ban dé c6 thé du doan hiéu sudt va tinh chét cua san
phém long nhu: ham lugng tro, nhiét tri, cellulose,
hemicellulose, lignin dugc trinh bay trong Bang 1 dudi
day. Luong than thu dugc sau nhiét phan dugc phan
tich TGA dé cho th?iy muc d9 nhiét phan biomass cta
hé thdng.

Bang 1. Tinh chit nguyén lidu ba ca phé

Tinh chit nguyén liéu Bi ca phé
Ham luong tro, %kl 2,81
Nhiét tri, MJ/kg 20,74
Cellulose, %kl 64,25
Hemicellulose, %kl 17,99
Lignin, %kl 20,03
Khac, %kl 12,91
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Céc hop chit polymer nhu cellulose, hemi-
cellulose va lignin 1a thanh phan chinh trong nguyén
liéu, n6 ciling la nguyén li€u chinh cho qud trinh nhiét
phan. Thanh phan cellulose tong chiém ty 1¢ cao nhat
(64,25%), lignin chiém ty 1¢ twong ddi thap (20,03%).
Dua theo két qua ctia nhitng nghién ctru trudc day, co
thé du doan rang vé6i thanh phan lignin thap c6 thé du
doan qué trinh nhiét phan nhanh ba ca phé dat hiéu suét
16ng t0i uu & nhiét d¢ thap hon, do nhiét do phan huy
cua lignin rong va cao hon cdc thanh phan khac. Vi
thanh phén lignin thip nén c6 thé bio-oil thu dugc tir
ba ca phé s& chira it hop chét phenolic.

Nhiét tri cua ba ca phé (20,74 MJ/kg kha cao s&
¢6 xu hudng lam cho nhiét tri cua bio-oil thu dugc s€
& mirc cao.

Dua vao két qua TGA ciia nguyén liéu cho thiy
¢6 3 ving khi lugng ba ca phé thay ddi 1o rét theo
nhiét d6. Viing mdt, c¢6 nhiét d¢ tir 25°C + 175°C, khoi
lwong mét di 9,27%. Trong ving nay c6 mot peak cé
nhiét d6 ndm trong khoang 100°C, day 1 khoang nhiét
dd ma Am con sot lai va céc chat dé bay hoi tach ra
khoi nguyén liéu ban du. Viing hai, c6 nhiét do tir 175
+775°C, theo dic tinh phan hily nhiét cta thanh phan
x0 sgi thi hemicellulose c6 nhiét do phan huy tir 220
+315°C, cellulose phan hiy tir 315 + 400°C, lignin rét
kh6 phan huy va cé khodng nhi¢t d6 phan hay rong tur
160 + 900°C [8], do d6 ¢ khoang nhiét do tir 175 +
775°C s& dién ra sy phan huy cua ca ba thanh phan
chinh cia nguyén liéu nén trong khoang nhiét d¢ nay
mau bi mat khéi lugng nhiéu nhat. Trén Hinh 2 ¢ thé
thdy khdi lugng trong ving hai mat di nhiéu nhat
62,03%, két qua nay phit hop véi phan tich thanh
cellulose tong ciia ba ca phé, chiém 64,25 %. Do do,
nhiét d6 dé thu dugc bio-oil v6i hidu sudt cao nhét s&
nam trong viing ndy. Viing ba, c6 nhiét do tir 775°C +
1000°C, day la ving c6 khdi lugng mét di it nhat
7,66%. Trong ving nay khong c6 peak nao, thé hién
murc & phan huy kém nhat, lugng chit khong bi phan
huy & 999,2°C con lai 21,07%.

3.2 Két qua quy hoach thwe nghiém

Qua nghién ctru 1y thuyét va thuyc nghiém tham
do cho thiy ring c6 nhiéu yéu té anh huong dén lugng
san phdm l6ng thu dugc trong d6 bén yéu td: toe do
nap liéu, nhiét dg, luu luong dong khi N, kich thude
hat biomass c6 anh huong 16n dén hiéu suit tao thanh
san phim ciing nhu tinh én dinh qua trinh. D& s6 thi
nghi¢m khdo sat 1a it nhit ma van x4c dinh duoc cac
diéu kién t6i wu v6i ham muc tiéu 12 tdi da luong san
phidm 16ng thu duoc. Trong nghién ctru nay, bai toan
qui hoach thyc nghiém dugc s dung dé xac dinh
phuong trinh hdi qui dang tuyen tinh hodc phi tuyen
tir d6 cho phép xac dinh dwoc didu kién lam viéc t6i wu
vGi muc ti€u néu trén.
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Khi thuc hién quy hoach thuc nghiém cip 1 thu md hinh quay cdp 2 day du. Bang 2 cho biét cic yéu to
duoc gia tri F = 11,22 > F,, = 8,76 nén mo6 hinh bac anh hudng va cac muc yéu té khao st dung trong thyc
1 khong pht hgp, do vAy md hinh bac 2 s& dugc nghién nghiém. Bang 3 trinh bay hi¢u suat thu nhan bio-oil
ctru st dung. Theo [9] khi sd yéu t6 tir 3 dén 4 nén chon dya trén ma trin quy hoach thyc nghiém nhu da mo ta
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Bang 2. Mirc cic yéu t6 thi nghiém
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Hinh 2. Két qua phén tich TGA ba ca phé

Y I S Khoing bién
;:lfhc l)lrlerl(:;(g) Pon vi Cac mirc yéu to thién
-2 -1 0 +1 +2 Ax
Toc d nap liéu, X (2%) (é?)) (12600) (22372) (3%0) (34715) (770)
Nhiét d¢, X oc 420 460 500 540 580 40
Luu lugng khi, X3 l/ph 5 6 7 8 9 1
Kich thudc hat, X4 um 250 500 750 1000 1250 250
Bang 3. Hiéu suét thu nhan bio-oil theo tung thi nghi¢m
No Xo X1 Xz X3 X4 Y No Xo X1 X> X3 X4 Y
1 + - - - - 4791 14 + + - + + 38,58
2 + + - - - 45,76 15 + - + + + 40,53
3 + - + - - 38,24 16 + + + + + 30,64
4 + + + - - 36,70 17 + -o 0 0 0 45,04
5 + - - + - 34,76 18 + a 0 0 0 41,20
6 + + - + - 35,73 19 + 0 -a 0 0 39,73
7 + - + + - 36,77 20 + 0 o 0 0 36,79
8 + + + + - 34,09 21 + 0 0 -a 0 45,15
9 + - - - + 47,54 22 + 0 0 a 0 32,47
10 + + - - + 41,75 23 + 0 0 0 - 41,84
11 + - + - + 40,57 24 + 0 0 0 o 44,53
12 | + + + - + 38,02 | 25 | + 0 0 0 0 46,40
13 + - - + + 41,75
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Sau qua trinh quy hoach thuc nghi¢m thi mé6 hinh
thyre nghiém bac 2 12 phit hgp véi higu suat thu hdi 1ong
ctia hé théng nhiét phin nay. Theo phuong phap quy
hoach quay cip 2, véi sb thi nghiém can thuc hién 1a
25, cac hé s6 b duoc tinh theo cong thirc cua [9].
Phwong trinh hdi quy thu dugc c6 dang nhu sau:

Y = 43,7 - 1,51X; - 1,93X; — 24X;3 + 0,38Xy —
0,42X:X3 — 0,75X1Xs + 1,04X5X5 + 0,43X3Xy —
2,36X,> —2,08X5?

Duya trén phuong trinh trén, d thi mo ta anh
hudng cta nhi¢t do va luu lugng khi tao tﬁng soi (1a
hai thong s6 quan trong c6 anh huéng 16n) dén hi¢u
suat 1ong ¢ tbc do nhap liéu 20 vong/phiit va kich thude
hat 500 pm duogc trinh bay ¢ Hinh 3.

-

-
=
L

Hiéu suit long, %

Nhaét 89, °C
Luru hwomg khi, Lph

Hinh 3. Hiéu suét 16ng & tdc do vit tai 20 v/ph va kich
thude hat 500 um

Bang 4. H¢ s6 trong phwong trinh thyc nghiém va mirc
y nghia

Hé sb Gia tri t-test Mu’c~y

nghia
by 43,70 335.50 +
b, -1,51 -10,78 +
by -1,93 -13,80 +
b3 -2,40 -17,13 +
by 0,38 2,75 +
bis -0,16 -1,05 -
bis -0,42 -2,81 +
biy -0,75 -5,00 +
bas 1,04 6,93 +
by 0,16 1,04 -
by 0,43 2,87 +
by 0,07 0,08 -
b -2,36 -2,74 +
b33 -2,08 -2,42 +
bag 0,10 0,12 -

Céc gia tri t6i wu cta bién thue duoc tinh todn
theo [6] va c6 gia nhu sau: x; = 26,993 (v/ph) ; x2=
475,84 (°C); x3= 6,115 (I/ph) ; x4=370,5 (um)

Céc thong s6 nam trong ving khao sat nhung do
gi6i han diéu chinh cac thong sb cua hé théng nén diéu
kién ti uu duoc chon xi = 27 (v/ph); X2 =475 (°C); x3
=6 (I/ph); x4= 500 (um). Tinh dugc gia tr1 Y = 45,02
%. Ta tién hanh thuc nghiém véi diéu kién trén thu
duge Y = 47,33 % gia tri nay cho thdy gia tri thuc
nghiém twong d6i phit hgp véi mé hinh.

3.3 Dic tinh diu nhiét phan

San pham 1ong ciia qué trinh nhiét phan & diéu
kién toi wu (27 v/ph, 475°C, 6 I/ph, 500 pm) dugc phan
tich cac dac tinh vat ly nhu: ham lugng tro, ham lugng
nudc, ty trong, nhiét tri, d§ nhdt, pH dugc trinh bay
trong Bang 5.

Ham lwong tro trong dau nhiét phin cao 0,7 % la
do trong h¢ théng chi sir dung mot cyclone nén kha
nang phan tach ran hoi con han ché, con mot lwong
than 8,03 %kl chua bi tach trong cyclone di theo hoi
vao san pham long. Do d6, than con lan trong 1ong
nhiéu dan dén ham lugng tro trong 16ng cao.

Ham lugng nudc trong bio-oil cao 1a giam do
nhdét cua bio-oil. Ngoai ra, d§ nhét con bi anh hudng
bdi ham luong lignin, khi ham luong lignin trong
nguyén liéu 16n, s& thu dugc cdc san pham c6 ngudn
gbc tir lignin, nhitng san pham nay c6 khéi luong phan
tir 16n nén s& lam ting o nhét san pham. Tuy nhién,
ham lugng lignin trong b ci phé ban diu khdng cao
nén anh hudng tang do nhdt ciia nd khong lon.

Bang 5. Dic tinh vat 1y cua bio-oil va mét sd san phém
khéc

bic tinh séin Bio-oil tir Diesel theo
pham ba caphé | TCVN 6789-05

Tro, % 0,70 0,01
pH 4,92
D0 nhét, cSt

(40°C) 2,11 2,0-4,5
Ty trong 1,12 0,82-0,86
Ham lugng 29,95 0,02
nudc, %
Nhiét tri,
Mi/ke 33,00 45
Ham lugng
ran, %kl 8,03




Tap chi Khoa hoc va Cong ngh¢ 121 (2017) 118-123

Nu6c trong bio-oil chiém ham luong cao
29,95%, lugng nude sinh ra 1a do am trong biomass
(12,7%) va trong qué trinh nhi¢t phan. Ham luong
nudc cao 1a do trong qué trinh nhiét phan sinh ra than,
than c6 hoat tinh xtc tdc phdn Gng cracking bac hai hoi
bio-oil tao ra hoi nuwdc, than va khi. Trong trong hé
théng nay, da duoc thiét k& hai vi tri dé tich than ra
khoi hoi bio-oil, mot 1a & cyclone, mot chd khic 1a
nhénh bén hong ciia binh nhiét phan. Tuy da thiét ké
hai vi tri tach than nhu trén nhim giam thiéu sy tiép
xiic gifra than va hoi bio-oil nhung thyc té sau khi phan
{mg lwong than con lai trong thiét bi con 62% tdng
lwong than thu dugc. Nguyén nhan nay gép phin lam
giam hiéu suét 16ng va lam cho ham lugng nudc ting
lén déng ké.

3.4 Két qua phén tich GC-MS ciia méu bio-oil

Dé phit hop voi diéu kién thi nghiém phan tich,
mau bio-oil duoc chung cAt dén 250°C va duoc chiét
trong dung mdi n-hexan. Phan tan trong dung moi n-
hexan dwoc phan tich thanh phan bang phuong phap
GC-MS.

Dua vio két qua trinh bay & Bang 6, c¢6 thé thdy
thanh phan bio-oil bao gom: acid, ester, amide, goc
nitrile, trong d6 phan 16n 1a cac acid mach dai.

Bang 6. Phan tich thanh phin miu bio-oil bing
phuong phap GC-MS

STT Thanh phan %tglilé“
1 Indolizine 1,90
2 Hexadecanenitrile 8,43
3 Pentadecanoic acid 3,99
4 10-Oxocyclodec-2- 2,88

enecarboxylic acid
5 Oleanitrile 7,47
6 Arginine 4.41
7 9,15-Octadecadienoic acid 8,77
8 9-Octadecenoic acid 9,91
9 Octadecanoic acid 3,31
10 Methyl 9,12- 5,16
heptadecadienoate
11 9,12-Octadecadienoic acid 20,85
12 1-Methyl-4-nitromethyl-4- 7,45
piperidiol
13 9-Octadecenamide 4,30
14 1,1’-Bicyclohexyl 5,13
15 n-Hexadecanoic acid 6,06
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4. Két luan

Ba ca phé 1a nguyén liéu tiém ning cho qué trinh
nhiét phan nhanh véi thanh phan hemicellulose (20,03
%Kkl), cellulose (64,25 %Kkl) va lignin (17,99 %kl).
Ham lugng tro trong nguyén lidu chiém ty 1¢ thap (2,81
%kl). Bon yéu t6 anh huong dén hiéu suat thu hoi long
duoc khao st 1a tde do nap liéu, nhiét do, luu lugng
dong khi mang, kich thudc hat biomass. Két hop cic
két qua thuc nghiém va ung dung quy hoach thuc
nghiém dé xac dinh céc gia tri tdi wu cho thay khi toc
d6 nap li¢u 1a 27 v/ph, nhiét 46 475°C, lvu lugng dong
khi mang 6 L/ph, kich thudc hat biomass 500 um hi¢u
sudt san pham 1ong cao nhét 1a 45,02 %kl. Phuong
trinh hdi quy c6 dang Y = 43,7 — 1,51X; — 1,93X; —
2,4X3 +0,38X4— 0,42X1X3 — 0,75X1X4 + 1,04X:X3 +
0,43X3X4— 2,36X2, — 2,08X32. Thiét bi nhiét phin ting
s6i don gian, d& ché tao trong diéu kién thi nghiém. Hé
thong nhiét phan c6 kha niang phan huy nhiét hoan toan
d6i vai thanh phan cellulose va hemicellulose.

So véi nhién liéu diu mo thi bio-oil c6 ham lrong
nudc cao 29,95 (%kl) lam cho d nhdt va ty trong
thdp, pH thip 1a do chira nhiéu san phim acid. Haim
luong tro trong san pham (0,7 %kl) con cao do luong
ran con lai chua tach khéi hoi. Dac biét nhiét trj cia
bio-oil kha cao 33 MI/kg, ddy la tin hiéu tét khi ing
dung bio-oil dé san xuét nhién liéu.

Tai liéu tham khao

[1] Xuit khdu ca phé Viét Nam. Nguén internet:
http://cafef.vn/xuat-khau-ca-phe.html

[2] ECN Phyllis classification, "Spent coffee’’. Ngudn
internet:
https://www.ecn.nl/phyllis2/Biomass/View/1788

[3] Brigwater A.V., "Review of fast pyrolysis of biomass
and product upgrading,” Biomass & bioenergy, 38, pp.
68-94,2012.

[4] Mohan D., Pittman C.U.J., Steele P.H., ‘Pyrolysis of
Wood/Biomass for Bio-oil: A Critical Review’’, Energy
and Fuels, 20, pp 848 - 889, 2006.

[5] Vii Pinh Ngo, Trin Thi Hing, Vii Dirc Cudng, Vii Ngoc
Minh, “Péc trung tinh chét cua soi cellulose va lignin
tach tir rom Phtt Tho”’, Tap chi phan tich Hoa, Ly va Sinh
hoc, Tap 22 - s61 (Péc biét), pp 81 — 87, 2017.

[6] Lazic Z.R., Design of Experiments in Chemical
Engineering, 2nd ed. Weinheim, USA: WILEY-VCH
Verlag GmbH & Co. KGaA, 2004.

[7] Orzherovskii M.A., ‘Rapid thermochemical method of
determining the water content of petroleum products’,
Chemistry and Technology of Fuels and Oils, 5 (8), pp
609-610, 1969.

[8] Demirbas A., Arin G., ‘An Overview of Biomass
Pyrolysis’, Energy Sources 24 (5), pp 471 — 482, 2002.

[9] Draper N.R., Smith H., Applied Regression Analysis, |
Third ed., John Wiley & Sons Inc, Hoboken, 1998.



