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A research on fast pyrolysis products
of cellulose, lignin obtained from coffee
husk

Summary

This paper focuses on the pyrolysis
product’s structure of coffee husk and
parted components of coffee husk: cellulose,
lignin. The product’s chemical constituents
are classified into six groups: synthetic gas,
hydrocarbons, oxygen contained compounds,
nitrogen contained compounds, water, and
char, and these products’ formation pathways
are also mentioned, analyzed based on the
structure of starting materials.
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Pat van de

Cudc cach mang cong nghiép dau thé ky XXI tai My
va chau Au ciing chinh 14 khéi diém cta cudc cach mang
nang lugng. Khoi dau 1a viée khai thac cic ngudn ning
luong diy sttc manh, giai phong con ngudi khoi su 18
thudc vao niang luong co bap don thuin, va cho dén nay
than, dau, khi thién nhién di tré nén khong thé thiéu
trong cac nganh cong nghiép va doi sdng con ngudi. Tuy
nhién, dic diém chung ctia nhitng nhién liéu nay 12 khong
thé tai tao. Diéu d6 dat ra cau héi 1a xa hoi s& nhu thé nao
néu nhu nguén nhién liéu hoa thach tré nén can kiét?

Viéc tim ra nhitng nhién liéu méi co tinh chat gan
gidng nhién liéu hoa thach 1a mot giai phap hop 1y nhét
va ¢6 thé coi 1a mdt cude cach mang ngugc cua thé ky
XXI1, giam sy phu thudc vao nhién liéu truyén théng nay.
Dau sinh hoc thu dugc tir qua trinh nhiét phan sinh khdi
dugc xem nhu 14 nhién lidu thay thé tiém nang nhat do di
tir ngudn nguyén liéu phong pha, doi dao [1]. D3 c6 rat
nhiéu cong trinh nghién ctru nhdm tim ra phuong phap
t6i uru cho san pham nay duoc cong bd trén thé gisi [2-5].
Tuy nhién, kha ning tng dung vao thuc t& san xuit ctia
mot nguén nhién liéu mdi phu thudc rat nhiéu vao tinh
chat, thanh phéan ctia n6. M&i ngudn sinh khdi khac nhau
s& cho ra mot loai dau sinh hoc khac nhau.

Vé6i dac thu nén kinh té truyén thong san xut nong
nghiép, Viét Nam 1a nudc xuat khau gao va ca phé 1on
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thir 2 trén thé gisi [6], di kém véi d6 1a lugng phé
phu phdm néng nghiép doi dao, do do6 viéc tan dung
cac phé phu pham nong nghiép nay dé san xuat nhién
lidu, nang luong dang 1a hudng di tiém ning, giup giai
quyét van dé moi truong cling nhu bd sung mot nguén
nang lugng mai, dac biét 1a viée st dung vo ca phé va
vo trau [7]. Do vay, viéc nghién ciru thanh phan va co
ché tao thanh san pham 13 budc di quan trong dé hién
thuc hda nhiém vu tao ra nguén nhién li¢u thay thé nay.

Thuc nghiém
Héa chit va thiét bi

Céc héa chat duogc sir dung 1a hoa chat tinh khiét
ding cho tong hop, phan tich trong phong thi nghiém:
etanol (99,8%, Sigma-Aldrich), natri sunphat khan
(Trung Qudc), nudce sir dung trong thi nghiém 13 nudc
d3 qua mot lan chung cét.

Nguyén liéu trong nghién ctru nay duoc lay & huyén
Di Linh, tinh Lam Pdng. V6 ca phé sau khi thu gom tir
hong xa ctia may xay xat s& duoc loai 4m bang cach dit
trong ti sy ¢ nhiét do 110°C cho dén khi khdi lugng
khong thay d6i. Nguyén liéu nay tiép tuc dugc dem
nghién bang may nghién dao véi kich thudc 16 sang 1
mm [7].

Céc phuong phép phan tich str dung gdom: viéc phan
tich thanh phan san pham l6ng, khi dwogc thuc hién trén
may sic ky khdi phd GC-MS Agilent 6890-5973 sir
dung ¢t mao quan phan cuc 122-1334 DB624 (30 m x
0,25 mm). Pdi voi pha khi, ngoai viéc phan tich thanh
phan hop chét hitu co (HCHC), ham lugng H,, CO,
CH, cling dugc xac dinh bang may GC-MS Agilent
6890-5973 nhung st dung cot MS-5A va dau do TCD.

Ham luong nudc trong san pham long duogc phan
tich theo phwong phap chudn do thé tich trén may Karl
Fischer 803 Titrino Plus (Metrohm - Thuy S¥). Thanh
phan nguyén t6 ciia nguyén lidu va san pham than duoc
phan tich tai Trung tdm Phan tich phan loai hang hoa
xuat nhap khau chi nhanh TP H5 Chi Minh.

Nguyén liéu xenlulo, lignin sau khi phan tach tur
v ca phé duogc kiém chimg bang phuong phap phan
tich FT-IR thuc hién trén may FT-IR ctia hang Thermo
Electron Corporation.

Thanh phén nguyén liéu
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Thanh phan xenlulo: thanh phan xenlulo trong vo
ca phé dugc xac dinh bang phuong phap Kurschner
- Hanack va Updegraff [8], co s¢ cia phuong phap 1a
dwa vao tinh chat khong tan trong nudc va tinh tro dbi
voi dung dich axit, bazo loang cua xenlulo.

Ba vo ca phé sau khi da loai bo cac HCHC véi thanh
phan chu yéu gém xenlulo, hemi xenlulo, lignin va tro
duoc thuy giai trong dung dung dich axit axetic va axit
nitric dé lai thanh phan xenlulo khong tan. Tir d6 ta
¢6 thé xac dinh ham luong xenlulo trong vo ca phé.
Phuong phép nay ciing duoc sir dung dé tach xenlulo
1am nguyén liéu cho nhimg nghién ctru tiép theo.

Thanh phan lignin: ham luong lignin trong vo ca
phé dugc xac dinh theo phuong phap Klason (GT/T
2677.8-94) [9]. Theo do, vo ca phé sau khi da loai cac
HCHC s& dugc chiét tach bang dung dich H,SO, 72%.
Hon hop duoc ngdm khudy tron ¢ nhiét d6 phong trong
2 gi0, sau do dugc pha loang thanh dung dich axit 4%
bang nudc cit va phan tng trong 4 gid ¢ nhiét do soi
cua dung dich, lignin khong tan s€ dugc loc rura cho
dén khi pH dat 7 thi s€ dugc can va xac dinh hi¢u suit.

Tro: ham lugng tro trong vo ca phé dugc xac dinh
theo tiéu chuan ASTM D1762-84 [10]. Trong d6, mau
v6 ca phé dugc ddt trong ti nung & 750°C dé phan hiy
céc thanh phan hiru co, phan con lai 13 lugng tro trong
vo ca phé.

Do 4m cua nguyén lidu: d6 am cia vo ca phé
nguyén liéu ban dau duoc xac dinh theo phuwong phap
sdy kho TCVN 1867:2001 [11]. MAu duoc sdy trong til
sdy & nhiét o 105+2°C cho dén khi khbi luong khong
thay doi. Khi d6, do giam khdi luong ctia mau chinh 1a
d6 am cta nguyén liéu.

Quy trinh nhiét phdn

Thiét bi nhiét phan 13 éng inox hinh tru c6 duong
kinh 60, dai 200 mm v&i day hinh non, phan dat trong
10 gia nhiét dai 100 mm c6 két ndi véi bd phan didu
khién nhiét d6 PID. B phan ngung tu dang 6ng Vol
long dng duoc 1am mat bang hdn hop da, mudi NaCl.
Khi mang (N,) qua b phan diéu khién luu luong trudc
khi di vao thi€t bi nhiét phan theo hudng tir dudi 1én.
Bo phan nap liéu lién tyc dugc dan dong béi mo to
cong sudt 60 W véi tbe do quay duoc didu khién dé co
thé thay ddi van toc nap li¢u theo yéu cAu.
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Hinh 1: so' dé nhiét phan

Diéu kién nhiét phan nhanh khong xuc tac cin ctr
vao két qua nghién ctru t6i uu hoa thuc nghiém voi gia
tri t6i wu (tai H = 36,59%). Trong d6, nhiét do 450°C,
luu lugng khi mang 4 lit/phut, kich thudc nguyén li¢u
1 mm, thoi gian luu 4,2 gidy [7].

San pham khi thoét ra tir qua trinh nhiét phan duoc
liy gian doan bang bo lay khi nham ngan chin sy xam
nhap cta khong khi bén ngoai va phan tich thanh phan
bang may GC-MS.

San pham long thu dwoc sau qua trinh ngung tu
dugc phéan tich ham luong nuée trude khi tién hanh
loai nudc bang Na SO, khan, sau d6 phan tich thanh
phan chit long bang may GC-MS theo phuong phap
phan tich cua D.K. Shen va cs [12]. Than cta qua trinh
nhiét phan dugc xac dinh thanh phan nguyén tb trén
may Horiba EMGA 930.

Két qua va thao luan
Thanh phan nguyén liéu

Thanh phéan cac chat trong vé ca phé duoc thé hién
trong bang 1.
Bdng 1: thanh phén v cd phé

STT Thanh phan ligno - xenlulo Ham lwgng (%)
1 | Doam 8,00
2 | Cac HCHC chiét xuat 5,20
3 Xenlulo 27,00
4 Hemi-xenlulo 25,30
5 Lignin 26,46
6 Tro 8,04
Téng 100

Ghi chii: (*): ham luong hemi-xenlulo dwoc tinh toan dya trén 56 liéu
da biét cua cdc thanh phan con lgi
Xenlulo va lignin c6 lap tor vo ca phé dugc phan
tich pho hong ngoai IR. Két qua IR ciia vo ca phé trudc
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khi phan tach thanh cac thanh phan riéng biét dugc thé
hién trong hinh 2.
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Hinh 2: phé IR ciia v6 ca phé sau khi da logi cdc HCHC

Két qua IR cia mau xenlulo tong hgp & phong thi
nghiém (hinh 3) cho thdy, hap thu ¢ s6 song 3.442 cm’!
thé hién dao dong cua nhom O-H, hip thu & 2.920
cm’ thé hién dao dong giin C-H nhém methylene va
methyl. Trong vung dic trung, dao dong ctia methylene
va nhom methyl (dao dong udn va kéo cit) duoc biéu
dién boi hap thu 1.462 cm™ va 1.426 cm!, hip thu & s6
song 896 cm™ mé ta dao dong cua lién két C-0O-C & cau
nbi p(1-4) glycosidic dic trung trong phan tir xenlulo.
Ngoai ra dao dong cua lién két C-O-C trong két cau
ctia pyrano ciing dugc biéu dién boi hip thu 1.163 cm™!
va 1.059 cm!. Tir d6 ta ¢6 thé thiy mau tong hop mang
day du dic trung cua xenlulo.

% Trasnitance Absoebance
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IR cua Xenlulo theo [13] IR xenlulo tir vo ca phé

Hinh 3: phé IR ciia xenlulo tir vé cd phé

Véi lignin, pic hap thu & 1.609 cm™ va 1.502 cm’!
md ta cho dao dong dan ctia ndi d6i C=C trong khung
benzen. Hap thu ¢ 3.392 cm! biéu dién cho nhom OH,
mili hap thu & 2.926 cm™! thé hién dao dong gidn C-H
nhom methylene va methyl, hip thu & sé song 2.850
cm’! dic trung cho nhém methoxy gin lién véi vong
thom, hap thu 1.709 cm! 1a mé ta dao dong C=0 trong
aldehyde hodc keton, carbonyl. Trong vung ddc trung,
dao dong cua methylene va nhom methyl (dao dong
udn va kéo cit) dugc biéu dién boi hap thu 1.459 cm™!
va 1.425 cm™, dao dong cua C-H trong vong benzen
thé hién ¢ hap thu s6 séong 867 cm™. Lién két C-O




Khoa hoc Ky thuat va Cong nghé

trong cau tric phenol thé hién & budc hap thu 1.213
cm™ (hinh 4).
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IR cua lignin theo [14] IR lignin tir v6 c phé

Hinh 4: phé IR ciia lignin tir vo cd phé
Nhiét phén tirng thanh phdn civia vo ca phé
Két qua nghién ctru nhi¢t phan vo ca phé, xenlulo,

lignin tach tir vo ca phé dugc tong hop trong bang 2.

Bdng 2: co cau san pham nhiét phan khéng xiic tac

Nguyén li¢u ban diu ’t‘l:'ilo"lc‘;‘;;le‘ télglilgtrliil:zé Vgac ?o‘;?é
ca phé HCHC
STT San phim % Khéi luong O/l‘]ulénhgi (Vl"uléﬁgi
1 (CPIIi )CO’ €O, 20,33 15,20 21,63
2 Hydrocarbon 12,47 4,16 8,50
3 | HCHC chira ni to 3,30 3,50 5,59
4 | HCHC chia oxy 20,61 33,48 10,62
5 |Ho 25,00 28,86 19,56
6 | Than 18,20 14,80 34,10
Téng 100 100 100

San pham thé hién trong bang 2 cho théy, sy phu
hop giita cac thanh phan voi nguyén lidu dau vao. Ty 18
tao thanh khi tong hop ctia ca 3 loai nguyén liéu tuong
d6i can bang, chtng té co ché phan timg gbc mach hoat
dong mot cach théng nhit va twong dong, khong phu
thudc nhiéu vao ngudn gbe nguyén lidu. Gia tri nay &
lignin ¢ giam hon vi ban chat ciu tric cua nd c6 dic
thi riéng, dugc gidi thiéu ¢ phan sau day:

Ty 1¢ hydrocarbon gitra xenlulo, lignin va vo ca phé
c6 su khac biét rd. Trong khi xenlulo cho ham Iugng
hydrocarbon 1a 12,47% thi lignin chi dudi 5,00%.

TAP CHI

HOA HOC

ONG NGHE I} Nam 12(1) 1.2017

Ty 1¢ HCHC chtra oxy cua lignin dat 33,48% so
v6i120,61% va 10,61% cua xenlulo va vo ca phé tuong
g, pht hop vdi co ché cit mach cua cac nguyén liéu
nay.

Céc hop chit chira ni to chi yéu ndm trong ciu tric
ctia vo ca phé, nén hop chat chira ni to trong san pham
nhiét phan xenlulo va lignin 14 két qua cta su phan
tach khong hoan toan nguyén li¢u.

Su hinh thanh nudc trong san pham 1a qua trinh két
hop giita gbc tu do H' va HO" cong véi lugng nudce
trong nguyén li€u (khoang 8,00%).

Than tao thanh sau phan tng ctia vo ca phé nhiéu
nhat va chiém khoang 34% vi qua trinh polyme hoa
xdy ra trong phan tng nhi¢t phan. Mat khac, trong vo
c6 mdt lugng nhya va polyme tu nhién nén ham lugng
than ctia nguyén liéu nay cao hon so v6i xenlulo va
lignin tach ra tur no.

Co cau, co ché hinh thanh san pham tir nhing
nguyén liéu khac nhau dugc thé hién nhu sau:

Nhiét phin xenlulo: két qua phan bd san phim cua
qué trinh nhiét phan xenlulo tach tir vo ca phé dugc thé
hién trén hinh 5.

% khoi lugng

30 25,09
25 20,33 20,61
20
15 12,47
10
c I 3,3
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Hinh 5: cdu triic san phdm khi nhiét phéan xenlulo

Ham luong nudc chiém 25,1% trong tong san pham
c6 thé duoc giai thich do xenlulo dugc cAu tao tir cac
mat xich p-D-Glucose lién két v6i nhau bang lién két
1.4 glucocid. Vi thanh phan oxy chiém 46,25% trong
thanh phan nguyén liéu va da phan ¢ dang nhém chirc
-OH nén qua trinh dehydrate dién ra manh mé.
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Ty 1¢ va sy hinh thanh cac san phém khi nhiét
phan xenlulo c6 thé giai thich boi cu tric ciia mach
xE:nlulo-hemixenulg tao thuan lgi cho viéc cit mach C .
de tao thanh cac goc ty do "CH, "OH, ‘H, ‘CO... Cac
gbc tur do nay nhanh chong tai cdu truc dé tao thanh céc
san pham nhu CH,, H,0, H,, CO va CO,. Qué trinh ct
mach c6 thé duoc biéu dién theo hinh 6.

% _on
S o _o OH  cH,0H CH,0H
—on o,,ﬁi + 9_,é:o _.ézo + Co
Y NoH L b, bu,
H HO
r % on ] CHy CH;
EIN [ —oHu cnon = o wl_o+co
_| Jon ol oH —». HE_oH bn, b,
\ . OH b &no
7 v i
HOH
L H 7\  CH:0H | CH, CHj . 0+ cH,
¢ HO HOH éHO
(o] )
=z OH CH,OH CH,OH
<o o é:O _o * CHO —= CO + H,
. OH H H,
$ éHZOH
co CHO
4
=0 CHO CHO C=0
o éHz — (J:—o + é é CHy + Co
= HOH —» CH — Jj ¢)
H,OH
HoH ‘J?Hs H,OH H,OH 2
"HOH
H,0H

Hinh 6: co ché hinh thanh san phdam ciia qua trinh nhiét phan xenlulo

Nhiét phan lignin: két qua phan bd san pham cua
qué trinh nhiét phan lignin tach ra tir vo ca phé dugc
thé hién trong hinh 7.

% khoi lugng

40 33,48
35
30
25
20 15,22 14,8
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10 4,16 3,5
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Hinh 7: cdu triic san pham khi nhiét phan lignin

CAu trac cta lignin chi yéu 13 hydrocarbon c6
nhén benzen dugc két ndi véi nhau theo nhiu dang
lién két, cac phéan td, don vi trong lignin ciing khong
ddng nhat ma bao gébm nhiéu loai nhu: synapylancol,
spirodienone, coniferylalcol phenylcoumaran... qua
trinh nhiét phan cac lién két bi bé gy tai cac cau ndi
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C-O tao ra cAc tién cht lignin alcohol va cac san pham
nhe¢ nhu formadehyde, metanol, metan... (hinh 8).

+3 + CHy — +0 +:CH,
u

N T iCHy —= + O + CH; +:CH
b
OH “CHj OH
o+ :CH + o —= CO, + H
[éHB T —> CH,
5 +iCH —= Co + H
[(':H3 + O + H — CH;0H

Hinh 8: co ché hinh thanh san pham ciia qud trinh nhiét phan lignin

Nhiét phan vo ca phé: két qua phan bo san pham
cua qua trinh nhiét phan vo ca phé thé hién trong hinh
9.

% khoi lugng

40
35

34,1

25 2162 19,56
15

10

10,61

Hinh 9: cdu triic san pham khi nhiét phdn vé cd phé

Vé ca phé 1a hon hop cuia xenlulo-hemixenlulo va
lignin cong thém mot lugng 16n nhya va polyme nén
co ché ctia qua trinh nhiét phan vo dé hinh thanh céac
san pham tuong tu nhu co ché cua lignin va xenlulo
tich ra tir nd. Diém khac biét 16n nhét la sy hinh thanh
than 1a san pham polyme hoa ciia phan tg nhiét phan
va polymer ty nhién ton tai trong chinh no.

Két luan

V&1 muc dich nghién ctru st dung vo ca phé dé
tao gia tri gia tang cho san pham chu lyc cua vung
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Tay Nguyén la cay ca phé, trong cong trinh nay chiing
toi da tach xenlulo va lignin tir vé ca phé va st dung
phuong phap nhiét phan nhanh khong xuc tac dé khao
sat co cAu san phdm hinh thanh sau phan tng va so
sanh v6i két qua nhiét phan vo ca phé dé tir do xay
dung quy trinh ché bién vo ca phé. Két qua nghién ciru
cho thiy:

Su hinh thanh cac san pham khi nhiét phan khong
xuc tac xenlulo, lignin tach tir vo ca phé hoan toan phu
hop vé co ché va cdu trac san phdm clia cac cong trinh
nghién ciru da cong bd vé nhiét phan nhanh xenlulo va
lignin sach.

Mot luong 16n khi tong hop (H,, CO, CO,, CH))
hinh thanh trong qua trinh nhiét phan nhanh vo ca phé
cling nhu xenlolo va lignin tach ra tir no, ching té qua
trinh ndy ciing tuan theo co ché gbc mach nhu nhiét
phan hydrocacbon trong hoa dau.

V6 ca phé voi dd am 8% c6 thé thuc hién phan tng
nhi¢t phan nhanh khong xtc tac ¢ nhiét do 450°C, luu
luong khi mang 4 lit/phut, kich thudc nguyén li¢u 1
mm, thoi gian luu 4,2 gidy dé nhan mot s6 san pham
c¢6 gia tri nhu khi tong hop (21,62%), hydrocarbon
(8,49%), cac HCHC chta oxy (10,61%) va than
(34,10%).
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