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(1. WTRMKE TR WTATRES SR ARG, 1KY 3113005 2. W RMKZER L S
BHEEZBE, w2 3113005 3. WL AMRRZEML S AR 2, k% 311300)

O BRI AR R ER, RAPUERREIR, A4S B0 T S AR R AT s B B A
% 30K F R LT AN A R - s B A RN 237 =I5 AL Re 31 77 2458 (distribution activation energy model, DAEM)
X SEBIACHE ( Chlamydomonas reinhardtii, CDR) /INERFE (Chlorella vulgaris, CRV) FIAISEIMEETEE (Microcystis aeruginosa,
MCA) [WPIAT AIT R THIF, RGEHXTLL T 3 FhOREAEL 2R SR B 3705, BT ==,
FHRI LI PN BLIEAT TR . 45 EH: D 3 MR AW 7309 3 N EL, AR TIREL. POl AR BN R
BB, HA B R B R R R, B3] 17.34 %/min, HFEEARIEZRFEN, TG/DTG (thermogravimetry/differential
thermogravimetry) MHZAE SR —MES); 2) LZLAMGIE A T4 R ARGE MR F TN CHy CO,. & C=0 BN
2. & N-H #F1 C-N SINB IR G, Hrh SRR A2 1) CH, B 7 8l s, S BREER £ & C=0
AR B 3) WS MIEEREIE RS e, B LR, ELAEAN 100 HINE] 680 kI/mol; 4)
Py-GC/MS 73 TR W/ N EREE R 7 FE I & A S P A B, 5% 30.89%, AR BB LM R &1, J5
ERBEN G BRBERE A AL S B A SR B, 2 AAE] 10.41%, 13.46%, 13.87%M 14.27%. A3
A OB A REVRAL A B2 B 2 AN LTtk A

KRR AR A A SR AE-LNERA RB- AR
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PRI I AR K B Sy T I T X RO, SRR
FSCE RIS A S AR e M ik . Chen 513
B, BRI ESE A EREE 3 Fh AR (0 T A I I P R
FAEVEREAT T X EUAIF AT, 4 SR 2% 1 Bl T 38 e 5 0 ol A0 Bk
PRI AR PR A e ey, TR & AR DR P e kR R . Wang
AT Kebelmann 5250 i b h i g 25 A HR AN
LA ARG R IL, REFUEE R BB I
PAK AR I RGN IR . SRR RS s 2 A TS R
WL N SRR ISR R () SRR N L
Bhi. B, B5. B, A N-ZRRb &9, Bk &im
Tok 5 7K 2 N 2 A Sy e A

PRk, AN [ FR) AR s I 5 2 S AR A AR 7= 0 FD 7
AR, WA E LAY (TGA-FTIR) AL #
fiEhp SR s S A (Py-GC/MS) 3, iR /NeT
ISR F TGA Yo 2458 i 3 A 3 K B RIS AL BE T T
WA, SERFAHCRE FZON T PO AR R ALY
Bt. Soyler Z5U'URIH TGA-FTIR W50 1 A F & 8 (1 A i
R My, RIAER Y EE /Ny FAARE S (COp
H,O Ml CHy) FIEMLA S (B, IS BRI
HEk. R, BRT /ANy FARMKA S, AAMERETEIEA K
X 73 & A [F 255 fe A 0B MU R 5 21 7 FE 34T 7 Vo
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o T BRE AR Ag A - S L B B A A (Py-GC/MS)
AR GC/MS 1 5 i P A X U T FR ] 0 A FA i 4.
Oy SEBLAE LR B A EE ST . Almeida 25UV RI
Py-GC/MS 3% /)N 35K 5 0 i TR T v 1) e = i AT 1 o
T RINTMEE R RT P= AR 32 5 05 S NS B ML S 4%
BB AL 2 . Zhao ZESIFI ] Py-GC/MS Fof 5 #ff 4 i
FH/NERVE I IAFR =) IAT TR, S54RI ED N
=AML, TR IR 2 R E B S BRI &,
H =5 H00]55 209 me/g.
ASCIEEC T 3 bR B A, B SR B K

(Chlamydomonas reinhardtii)~ /NEK#E (Chlorella vulgaris)
RS- EE B (Microcystis aeruginosa), WRIE=F P EH
Fis BEEAAK G R B0 8E R, TRHBEIT N
FIRT LA T, H RTE AR WAHSSSCERIRGE . 790 R FH A E 4L
ANBEFAY (thermogravimetry-fourier infrared spectrometer, TG-
FTIR) . PRI HfiA- s B AX (pyrolysis-gas chromatography
mass spectrometer, PY-GC/MS)F1434ii G AL AE 3] /17 244
7Y (distribution activation energy model, DAEM) X} 34
A ANEREEN S B FE AT AT T T, &
GHIXTLL T 3 MGRE A RS AARR A 307
o EYETTIRINZE S, PR G R P L B R AT
TR .

1 MR5ERE

1.1 RUEAEEFIEE TR
1.1.1  FAfsmIK

ARSCEELT 3 PSR TOEE, 4 i DR S D AK

(Chlamydomonas reinhardtii, CDR). /NEK#E (Chlorella

vulgaris, CRV) FIHIEEMFEBE: (Microcystis aeruginosa,
MCAD ., 4 Z% Gl ZEHEAN/NERBE (1 A 73 53 FACHB- 912
F1 FACHB-25, $5) HH H [l 7K A2 AR Wt 9 i vk K i 2R 85 57 )
{3 AL, MRAE Rippka ZE"HRALH 7 1L 7E BG-11 1S
FREE TR R .
1.1.2 #EAbEi

P ACHE AT A ce-125 BFARY mt+ [137c], HEE
Koo K2R, MRS Gorman ZEPOHRALI JTIEAE TAP £53%
Bt (tris-acetate-phosphate medium) HHEATH; % . 2440
85 IR B R HOH T, R 6 000 g/min B OHLES 05
25 5 min FFUCEE: WURJE T HAE A L (LGI-18D,
IR HIE G IR AT AT AR TR ARERKE
ET 40 CHETMAF Y 24 h BfEE T E: &M
FEEAT R RITRE , (S HORAR ORHFAE 120~150 um, FH A
TERRAL 2220 53 73 M g i B
1.2 WCEMTRST. £ FE S FRENE
1L.2.1 o4&

KH LR (Vario EL 111, f#[E Elementary 2
A]D ) CHNS A A LT R A ATE, H
MR T RIE Z LR s IR 1 A R FH AL A

(ZDHW-300A, #5EEH BHAM S BCRAR A7) 24T

WTE o

1.2.2 o7k

FR4fE Pohndorf 2% 1S R i 18 Xof 5 1) g 2 ot B 20 5
EHHTIE, K 0.1 g TEEMTBERAES I 5 mL & 1:
i AR 2 0 1 W, fEIRG# A 1h, O
B JE U RS TR i, R AN (D
REZR R 235 M, .

M,="1x100% (1
my,

A m NI E, g omy NIRRT R, g

PG E B0 (GB/T 6432-1994), FIHHLKE R
1 (Kjeltec TM2100) X H 85 1 5 11 )5 = 23 20347 D
SE o BRIKAL B IR 5 B o HN s nT DAE o S 1E A
Pk,
1.3 BRI IE
1.3.1 #HFLshseA (TGA-FTIR) o947

K FH #H 40 4 BE A ( TGA 8000-Frontier, 3 [H
PerkinElmer /A &) ) X ol B FAE 2 300 e L il %
BV AT AT, FerR IE RN 2L AN o WA 2 TR SR A AR
BN 285 CHIAMALHEE I ITERE. BXRE, ¥
30 mg MITLERY R IIA ALO; M3, LL 5. 10, 20 i
30 C/min FJFHEER M EIRTFE 800 C, AN EAIA
K (99.999%), Wi N 45 mL/min. {8 B 204N AR
SRR RE X I A 4 em™ A1 500~4 000 cm™', 4
TEFHIT (B [H BN 8 5.
1.3.2 ek A fg-A A0 &%/ EBLR (Py-GC/MS) 947

K BRI B @ d (CDS 5200, %5[E Chemical Data
Systems 2 #]) FIAH %/ 1% (7890B-5977B, 3% H
Agilent Technologies 2 ] ) Ik AN Tl R A fig = s
BAELE T BUGREE, DUA AN B N E IR A 5
EIEREIIN 0.1 mg T . #@bLL 20 C/ms TR
RIFEANFFPARLIE (4500 5500 650, 750, 850 Al
950 C), MAIREMREITIA 20 s, M@= YiE T
GC/MS SEHLAE &l F Mt . #A N m 4l " R
(99.999%), #HA, He i 1 mL/min, f&HZEAHERE
IR 5N 280, 230 °C, tilkF: A HP-SMS EAEH:
(30 mx0.25 mmx0.25 gm), 4Hitb A 1150, HEMKTT
TEFREF N 40 CUREFF 3 minDLL 10 °C/min J1 % 280 C
CPREF 3 min). Uil TAEMR: 70 eV, Fifitt (m/z)
N 50~400, BTV 230 C, DYZATIRE 150 C,
AR, EFIIERR ] 3 mine AR NIST i 45
G AHIRHIE A TR, K AR PR AT 20 43 % e A X
oW, TR — AR 55 A A AR B 2
1.4 RENHFEDH

K53 A RIE AL BE R R (DAEM) X882 1) #5 il 5 7
ST T P, T IR A S ] (S A R R 4
B oA k. FIFHIAEEDE, @A (2) RIS
AR o 5 B2 R m, Z KR

‘ 2

my —m

X o AT mg BRI E, mg; m. A
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© 2 R PTR, mgs me AR FE B R
AR5 B, mge

DAEM R 5 AR A5 I A 8 g 238 it R ) —
MG RETH HOTIE, AR AL R R R (3) P

a(t) = I:l —exp{ —%I; exp(—}%j dt

R ko AFRRTE T, min™'; E &iGMLAE, kI/mol; R fEFE
IREARH B, 8.314x107° kI/(K'mol); S & THRHEZE,
C/min; ¢ ERSIZHEE, K g(BEYREIEILBED AR EL,
AR (4.

}gmam (3

_ 1 (E-E,)’
E)= - 4
g(E) GmeXp{ 2 } 4
X Eg NP ERECHE, o bRiEZE: K (. 3) AJF
#/EAK (5
da(t) _ = ky

— ]
dt  o2n’o B

E K E E-E,)* )
t —
exp| ——-—-2 exp(——)dt—( 0) dE
Rt po Rt 207
TP R BT AL (6)
m(f;]:h{zﬁgj+06o75—fi (6
t E Rt

A, WFREFHACEM R ZA T, @ S AR F
THEEZR, 615 In(8/F)5 1/ RETER B &R, B iR
~E/R R IHILRE E, JELERE In(kR/E)+ 0.607 5 K45
AT

2 RS0

2.1 3MECEMITE. WEASFRESH
3MREEMTER . M A RE T R 1

x1 ARMERE. PDEKEFRETCENTE,
HFEBASFISARES T
Table 1 Elemental, chemical composition and higher
heating value (HHV) analysis of CDR, CRV, and MCA

. . 2200 4
FLIRALEL Bioch%rii%cgcl‘c%orgpjgsition F=2ha
Elemental content/% o tRyiL
[ZGTES content/% i
Microalgae kAL HHV
species S A e J(MJ-
C H O N EOT g HEK 1571)
Protein Carbohy- Lipids X&
drates
SR

Chlamydomonas 4720 7.90 35.75 8.77 039 54.81 27.34  10.18 22.44
reinhardtii CDR
R
Chlorella vulgaris 40.30 7.25 45.65 6.59 021 41.19  30.76 1424 17.87
CRV
MLk B
Microcystis
aeruginosa MCA

40.25 7.39 43.13 895 0.28 55.94 16.10 1415 17.97

F 1 PEWAREN C M H RESEURE, SN
47.2%F1 7.9 %, FICHMEW R, 155 22.44 MI/kg;

A T i TP B U A B, TR F 55.94 %; /NER
FER KA G NE IR & B s, N 30.76% A1
14.24%.
2.2 {%E=RY TGA (Thermogravimetry analysis) 3#4f

K1 o 3 PR R R E R (5. 10, 20 1
30 ‘C/min) [¥) TG-DTG HiZk. 3 Fisg ) #fig it #2 nr Loy
N3 BB TREB. PSR BRI RVE R4
MrBe. 1) fETEREL, WEVEEDY 30~150C, HILHUN
FIkE N, FERET HEKRZERD, R T
TP B IR VA A 2R B AR AR B TSR D A B AT /N Bk, 32 R
2 DR DA i 2 o T 9 1) 5 7K 3R 8% 5 T S B A TR R /N BR 8
2) {EPURAMEN B, WIEVEEY 150~550 C, 3 FiiEE
BIRRRERLN 60%, EERETHEFEAK. B
AR A B Y5 B oy R IR AR O L SE B AR R
A —NRERIE (2 5068, T /INERE AR S T B B
TAAERE RIS (2 T, IBAFE— AR E
U (3 U, Jf HAR SRR AT G AL 1 2R E R A K
IEH) 17.34 Y%/min, =5 2 Ji PR 4 43 ok B v o B 1 R AR
R HCE AR B AR S B A R i 2R T
0, T AR B 2R 5 A I B R AR B Y Maurya
2625 A F FHE R (5. 104 20 f135 C/min) X2
Bk A 25 1) /N BR R AT IR AR A BT B, A TH IR TR
35 C/min, MREEHN 302 CH, FBRARSEAI/NEREEAE 1M,
A 1) B K 2 B AN 9—8.91%/min, 5 AR S /NER BEEAE TR
FEN 327 CHIEAE AL i KR HL % -13.8 %/min ZE IR
K, VLA AR BER AT NI B R . 3) 7RIS A
fit CRAL) BB, IREEVERIA 550~800 C, HPUE MR
Bk 4% 0 [ 447 o S o 1l A AR A A AR B R Y

SEAE 1 AL, THRE RS R R TN B
S, BEAEFHEBCRE M. 1) —J7 3 MER
TG/DTG M3 H 1 i — MR 3l , AR A2 —Fh A1)
ARG, RGN A S AR R IR RS, B T
TR0, R RURL Y R B RS BB T S 2
TR GBI R AR 2) 05T, BUMIRR R A
RERYE, BEEFHEERIM, AR (A R R
TN, 25 R PR R SR B i T AR s N g
VR R 2 [ AL 5, (75 0 g 7,
2.3 3MRHCEAIFTIR S4f

Kl 2a. 2by 2c NFAHEIEZE Y 20 C/min B} 3 FhiE
ARE) 3D-FTIR K&, HERHI, #ARIERSAEE 6 N
ERHEL AN, BT 3 734 2 9384 2 360
1770, 950 A1 667 cm™ 4b, IEWIIL 5 B N R 731
FEHAD. B 2 d A3 FEAREFIEELR 2D-FTIR
B, AR AR IR SO0 B o) 2 () B R AT RTS8 8 284 R 4y ik
1T%5E, EE S NENSAASMEHHES: D Mt
HHLH S, W T4 S (H,O. CHy f1 CO,) 1)
FRAFIE SIS, o 3 750 em™ &by O-H B 45 R
B, REMRAKST (H0), FERETTENBAH
K28 R R B 25 A K A 25 2 890 em ™ Ak 3 32
& C-H #IgadRs), RERAE CHy FERH TR
AR REE ((CHy) AL (-CH,-) (™), 2 368
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1667 cm™ 4b EF S C=0 BHIH4EIRS, [CRIZ CO,,
FERE TR B R (-COOH) Ak (-C=0)
SONBY, 2y HHUH % E: 1740 cm™ Dy C=0 #f{H
itlkzh, RERMGERBMEY, FERE TR IR
FAS TR L 53 B0 1 545 em™! 4b 4 N-H 1 C-N
B R RO R AR TR B, BB 1T £ AMRFAIE 3
FERE T ERAMNEARAS A=Y, B+

BrB2 27 stage

fit. FEER. HEREPY; 1396 cm™ Y C-H #AI C-O
BRRgERSh, R A T TR AR KA &P
IR e . BRI EM P 1250 em™ N
C-O-C BEMMNAaIRS), FERE T I =4 (1 kR
WEBY: 950 em™ &by Si-O R P-O-P B H4E RSy, H
HSi-O R EDRE TRGE R RNy RERERR SR,

P-O-P 4 3= Tk [ T AL RR IR A5 Bk AR — e A g2

BYBL1 1+ stage

BirBt3 3¢ stage

BrBt2 2« stage  BrB%3 39 stage

® vV O
o O O O O
T T T T

|
I
I
I
|
I
I
I
I
1
I
I

(=}
T T

23 Weight loss rate/%
2 s 233 S

(=}

PR I T T I | Y N T N [ N N S S S|

BBl 1% stage B2 20 stage B BZ3 34 stage BrBi1 1+ stage
2 100 . L R l00E
g% | oshmss | 8 00
» 80r | | Heating rate/ | 2 801 |
2 70+ 1 | | X} 70 r !
= Y = 0L \
fn 60 : : : 'En 60 r 1
(4 [ 1 o B 1
B 501 : : _____ l B 0 |
% 40F | I N
g | I LB er
K20, Treeeesma B |
1 il L 1 I 1 " 1 I 1 L 1 ) ] 1 n 1 "
100 200 300 400 500 600 700 800
¥R Temperature/'C

a. SR A AT L
a. TG curve of CDR

Lo
100 200 300 400 500 600 700 800
¥R E Temperature/'C

b. /NERBERPE R
b. TG curve of CRV

BBl 1% stage B2 2™ stage
PP

100 200 300 400 500 600 700 800
JRFE Temperature/'C

c. FAR PRI A E AR
c. TG curve of MCA

B3 37 stage BBl 1 stage B2 2% stage B3 37 stage

_ ke ! — 0 T - ) - e 1
T Vo SO ! T2 W s l T TR 1
g i -g ) AT e g e/ \
E S R : : E -4 \‘\ : \'\' \L/I /'/‘/\‘.ﬁﬂ% 3 : E o : ‘\'-‘\'\,’ N ," :
X s | | X 6k N \ Shoulder peak 3 | X —6r! I \\ i Shoulder peak 3 |
B | | 5 T i Vo | ¢ LV | l
([2 Ay 1 ! 8 78—9:[“%1 i 1 : E -8 2420411 ! o 1 1
a R I ' A | Sharppeak '/ I ! A 10 Sharp peak 1 R I I
e —10 - I VoL 1 s U ] i I = N VI I I
-l iy | ST S Uiy -2 Vg2 !
& F NN T o Foer o i I S S !/ Sharp peak 2 |
&4 ' Sharp peak 2 B S V Sharp peak 3 OE-6f \ i i

el w0 VT 3 S R TR R R B | P ST YT PR RTINS N R

100 200 300 400 500 600 700 800 100 200 300 400 500 600 700 800 100 200 300 400 500 600 700 800
)% Temperature/’C YRJ¥ Temperature/'C JRJ¥ Temperature/'C
d. SEPATEM S P 2R e. NERBEMIT ST E 2R f. F RIS P E LR

d. DTG curve of CDR

e. DTG curve of CRV

f. DTG curve of MCA

A1 3MHMEERFFRRETHRE (TG) MarAE (DTG) WL

Fig.1
=32 =32
<C4 003 <
2 %
CA %
S EY
d& 1000 %5
[

b. /NEREEAY3D-FTIR
b. 3D-FTIR image of CRV

a. R KRB H3D-FTIRE
a. 3D-FTIR image of CDR

c. HiARIHEERIK3D-FTIR
c. 3D-FTIR image of MCA

TG and DTG curves of three types of microalgae at different heating rates

N-H/C-N C-H/C-O P-O-P

T A i . : 1
4000 3500 3000 2500 2000 1500 1000 500
P ¥ Wavenumber/cm™
d. 3R K R WAL i 2D-FTIR
d. 2D-FTIR at the maximum weight loss peak
of three species of microalgae

B2 3AmEAEFREEH 20 Cmin' HAMLINHE (FTIR) 547
Fig.2 FTIR analysis of pyrolysis of three types of microalgae at heating rate of 20 C-min™'

2.4 IR EEZELDED T

34 3 PR PRI FE 4 Fh B R S A0 (R
6 i U 5 3G N ) A R, MRS Lambert-Beer &4,
A R A U6 AW Yl v, G IS R G PRV KL T B 23 B
kim0 1) 1’ 3a N HO AR, EEAH 2
ARG, 52 MERFREMEEETE 1 Mg, B 1
AMETE 100~200 C, BB B HoO EESR H T B
IKPIIZER: & 2 MELE 200~500 °C, 3 FhiEE3SHK
BEEERTE 200~500 CHIIE, 1XF DTG BHZEHIFT B 1

—3. BB HyO F Bk H T HUE AR B 45 A K
ARG VRTRGEA S CERER. BRI EEY)D
) JL 3 5 87 o ) 5 Tl B o AR 7 A (D 7K 40 IO B
Hem, FAKSEERATHSRES B EAR
(55.94%) 7F 330~350 ‘C KRR, 2) K 2b N
CH, PSR, 3 FHEREEAE 200~600 CYEREIAH 2
AP, IXF DTG HIZER B 2 P B 3 —%, HdEg 1
NG RBREEE T4 2 N, 55 1 NI Bk iRk Ak
EY) (290 'C) FIEAF (330 °C), % 2 METERE
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DEE AR IESE (410 'C) PY, 51 AR5 FEITEACRE 75 110.5~146 1 105.2~111 kJ/mol, 5
AR SRR AR B AR, 3ERES 1 ANEELES 2 AScdiliid DAEM VAT 50/NERTE IT5 Ak e B0 LA 1R &
Ao T3 PSRRI E A BB BRAR (10% 440D, 1z, WL T DAEM 3h /72RO o e A i AT N
K ARTEMEE 2 NIRRT, Hih 2 MyEkE RHEIFHREREM T S feBE KNS
HELOE, (EOEEEt /N T2 1 A SRR BOEMA S (EA. BITFmKeEY) 1R ES 5
() CH, 45y s B T oAt 2 Fhise s, R CHy, ML AR e A7 A0 S 35 SRRt DT), Bui 5038 44
FERE T2, DNA R 5 3 (CHy) JewiP, FEONOCTE AT HE B AR KA S P2 55 1 B A i
TR 25 A 7 IR S B 1 Wi 284 LA R B 1 S A B K AL B 40 ITRFERE THEAL, RILE B AR b i #Ee e PR s 47,
HI AR, TS AR R ORI S YR AR R4 SRS R, AR S N B A R R e
B (82.15%) A 2 FhiESE (/NERVE 71.95%. 4 AR 2 FhEE, RESRRE SN B, Bk S
SEIUTETE 70.74%), (E1FHIE CH, FE S EUR A . 3) R SR BT 1) RS AL R B E B s

3¢ A CO, HIFEHAS A, 7E 200~500 CHBL 1 MR

I, LACFN DTG 28 FITAE IR B 2 Fe KR B R A — 3, ‘= JEEKH CDR o /NREE CRV —+ HiSH4HESE MCA
SBR[ TR 44 (U T IR A BRI RS, 2L 0.016 | 0051
FHE R A5 v R B MO e 0, 3 P P A 1 g 0014y 004}

g 0012

CO, iENHEEFEEIE. 4) WKE 3d A& C=0 &HHNL £ o010}
N s <

WA AS AR, 7E 200~500 C HEL 1 DR, X & g'ggi I

DTG HhZkMBL 2 —5, FEREAFRARIG P, R 0004] [

W6 Absorbance
(=]
(=3
N

0.01}
C=0 {HZFHRENIEIE T 52 b H i = RREsBY L& & A s b 0.002 | .
¢ 3 14.[35] =1 421 i Sl e = w = 0 . ‘ ‘ . . . . .
HOBEIE: | jjé ; %ﬂﬁﬁ&%{%aﬁﬁﬁaﬁﬁ%ﬁﬁﬁﬁﬁa 0 200 400 600 800 0 200 400 600 800
JEJS RT3 14.15% 01 55.94%, S fie KIS FE B Temperture/C ¥ Temporturo/C
0B v R AT 2. H,0 b. CH,
2.5 3 MHECEMBNNFEST 0141
4a. 4b. 4c N 3 FPEESET) DAEM 3)) )1 2# R R 1) 2% 0.12}

VRS AL, FALRAE 0.05~0.7 TLHIN, &L
FRZRH R A RAEIE 0.9, UiHAE BOREH FIAR,
PEIETH AT B RSt RE U th EE B E T e . 18] 4d e

J& Absorbance
e Q9
[=] (=3
N [°}

%% Absorbance

W 5IEWREZ B C R, BEEFALZEIIN, 3 Tl B

EEEEUE 23 E S, s 3B S L RE M 100 0021

1400 %] 680 kJ/mol, /NER (7% AL AE AN 40 14 i & o= S —
265 k/mol, HEBTACHE AL AE A\ 20 #1E] 250 kl/mol. D e e
] S U R /N BR R RS DY AR (1) P s AL RE 4 i A ¢.CO, d.Cc=0

171.63. 148.56 Fi1 155.75 kl/mol, A 4Lt FEH 1751k B3 3R RS BRI AL
REHUE A . Peng ZP%NHIT FWO (Flynn Wall Ozawa) Fig.3 Evolution of main volatile components of
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Weight-loss char acteristics, components of bio-oil and kineticsduring
pyrolysis from different types of microalgae

Wang Junhao®, Zhang Yu?, Yang Youyou?, Zuo Zhaojiang®, Ma Zhongging**
(1. School of Engineering, Zhejiang Provincial Collaborative Innovation Center for Bamboo Resources and High-Efficiency Utilization,
Zhejiang A & F University, Lin’an 311300, China; 2. School of Agriculture and Food Science, Zhejiang A & F University,
Lin’an 311300, China; 3. School of Forestry and Bio-technology, Zhejiang A & F University, Lin’an 311300, China)

Abstract: As a kind of new-fashionable biomass material, microalgae has the advantages of large amount, fast-growing, high
efficiency of photosynthesis, and less land for cultivating. Biomass fast pyrolysis technology is a promising technology to
convert low-grade microalgae into high value-added advanced liquid bio-fuels and bio-chemicals. In this paper, a systematical
comparison of components’ content, pyrolysis behaviors, kinetics, and evolved gas components, was carried out among 3 types
of microalgae (Chlamydomonas reinhardtii, Chlorella vulgaris, and Microcystis aeruginosa) using thermogravimetric analyzer
coupled with Fourier transform infrared spectrometry (TGA-FTIR), pyrolyzer coupled with gas chromatography/mass
spectrometer (Py—GC/MS), and distributed activation energy model (DAEM). The result showed that: (1) Based on the TGA
analysis, the thermal degradation process of microalgae was composed of 3 stages, namely drying stage (temperature range of
30-150 °C), fast pyrolysis stage (temperature range of 150-550 °C), and carbonization stage (temperature range of 550-
800 ‘C), and the maximum weight loss rate was observed for Microcystis aeruginosa with a value of 17.34 wt.%/min; the
TG/DTG (thermogravimetry/differential thermogravimetry) curves moved to the side of high temperature and the
weightlessness rate unit time (wt.%/min) gradually increased as the heating rate increased. (2) The FTIR analysis indicated that
there were 6 strong infrared characteristic absorption bands from microalgae pyrolysis, which located at 3734 cm— 1 (-OH),
2938 cm- 1 (-CH3), 2 360 cm- 1 (-C=0), 1 770 cm- 1 (C=0), 950 cm- 1 (P-O-P) and 667 cm- 1 (CO2). These characteristic
functional groups represented the main evolved gas components were CH4, CO2, compounds containing C=0O bond,
compounds containing N-H and C-N bonds, in which the maximum content of CH4 was evolved from Chlamydomonas
reinhardtii, and the maximum content of compounds containing C=0 bond was evolved from Microcystis aeruginosa. (3)
Based on DAEM analysis, as conversion rate increased, the activation energy values of 3 types of microalgae increased. The
activation energy of Microcystis aeruginosa increased from 100 to 680 kJ/mol, the activation energy of Chlorella vulgaris
increased from 40 to 265 kJ/mol, and the activation energy of Chlamydomonas reinhardtii increased from 20 to 250 kJ/mol.
Among the 3 types of microalgae, Microcystis aeruginosa had the maximum value of activation energy. (4) Based on the
Py-GC/MS analysis, the whole components in the bio-oil could be divided into the following categories, such as alkanes,
olefins, benzene series, alcohols, ethers, aldehydes, ketones, nitriles, furans, indoles, and acids. Among them, long-chain
alkanes, olefins, aldehydes and ketones, fatty acids and esters were mainly derived from pyrolysis of lipids and carbohydrate,
while phenols, aromatics, amines and amides, heterocyclic compounds containing nitrogen were mainly derived from pyrolysis
of protein. Chlorella vulgaris produced the maximum content of oxygenates compounds reaching up to 30.89%, while
Microcystis aeruginosa produced the maximum contents of phenols, aromatic hydrocarbons, amines and amides, and other
compounds containing nitrogen reaching up to 10.41%, 13.46%, 13.87% and 14.27%, respectively. In summary, this paper
would be useful to supply scientific and basic data for industrial application of microalgae.

Keywords: pyrolysis; kinetics; microorganisms; microalgae; TGA-FTIR; Py-GC/MS



