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Abstract

Abstract

The aim of this thesis was to study the catalytic conversion of Dunaliella salina
and microcrystalline cellulose into biofuels and chemicals. The results are as
follows:

(1) The proper amount of CO, contributed to the increase of liquid yield from
the pyrolysis of Dunaliella salina. Simultaneously, biomass char, by-product of
Dunaliella salina pyrolysis at a final pyrolysis temperature of 500 C, was used as
feedstock material in this study. The process not only mitigated CO. emission and
made use of residual biomass char, but also created H.. The reactions of biomass
char with mix-gas (CO,:N,=1:2) were performed in a fixed-bed reactor. The CO,
conversion and CO yield without steam and catalyst reached about 13.75% and 0.19
mol/(mol CO3) at 700 C, respectively. The CO; conversion and CO yield were up
to 35.57% and 0.68 mol/(mol COz), respectively, when the steam was added at 700
C. Steam and high temperature led to high CO: conversion. The catalytic reaction
obtained H, was performed in a reactor of two temperature control. Firstly, the steam
gasification of biomass char was happened, and then water gas shift reaction of the
mix-gas was happened on Au/Al>Os3 catalyst. The Hz concentration increased 80.0%,
compared without catalyst.

(2) The hydro-liquefaction of Dunaliella salina over solid acid catalyst was
examined under moderate conditions (200 C . 2.0 MPa. 60 min). The significant
increment of bio-oil yield was obtained over NYREHY catalyst, increasing about
40.0% compared without modified REHY. Ho-TPD and XRD demonstrated that
NV/REHY as bifunctional catalyst played roles in hydrogenation and cracking, and
further achieved the deoxygenation and desulfurization of Dwunaliella salina under
hydrogen gas, improved the bio-oil properties. The oxygen and sulfur contents of
bio-oils decreased relative to Dunaliella salina, and the HHV significantly increased
to 30.11 MJ/Kg. From GC/MS, the dominant compounds of the bio-oils were found to

be esters, glycerins. The qualities of bio-oils were greatly improved.



Abstract

(3) The effects of pretreated process and catalysts on the degradation of
microcrystalline cellulose into chemicals were investigated. Microcrystalline
cellulose was pretreated in inoculated medium (medium inoculated with Dunaliella
algae), that resulted to the decrease of microcrystalline cellulose crystallinity.
Compared with no-pretreated microcrystalline cellulose, the degradation rate of
pretreated microcrystalline cellulose was almost similar, but the liquid component of
catalytic degradation had a change. The content of levulinic acid was up to 15.5%.
The alcohols increased accordingly and could be up to 19.6%. However, there was a
corresponding decrease of the content of cyclic compounds. Different catalysts had
significant effects on the liquid component derived from the degradation of
microcrystalline cellulose. During the catalytic degradation of microcrystalline
cellulose, organic acids were the main component of liquid products through using
732#strong acid cation-exchange resin, and up to 19.0%. The degradation rate using
HZSM-5 catalyst was up to 87.6% but it was lower than using Resin catalyst.
However, the content of Levulinic acid was up to 58.5%. When 2%Pt/HZSM-5 and
732#strong acid cation-exchange resin catalysts were utilized at the same time, the
content of Levulinic acid decreased to 13.1%, while the content of cyclic compound

decreased.

Key Words: Dunaliella salina, pyrolysis; hydro-liquefaction; microcrystalline

cellulose; bio-oil

II



H %

B %

E—F XHEGA............

1.1 315

1.2 EHIREER

L2.1 ZEWIITETE oo,
122 T o e,
123 AT oo

1.3 REEEEMR

................................ 2

1.3.2 R UK ST TRDL oo

14 AEREEYR

141 Y 2 B BRI oo,
1.42 FAERPIRESGIHTOIRD oo,

1.5 AR XARBEMFRE

EE HREERI.covirnrnnennnninsesisissesississesianes

21 3|8

2.2 LEEH

221 SIABFGART oo
2.2.2 SEHGAER oo,
2.2.3 MEALTUIIRIBE oo
2.2.4 JZIPEREVTMN oo,
2241 BEETIFR oo
2.2.4.2 SEIIIMT oo
2.2.5 SEHGRAETTVE oo,
2251 JEEHT (BA) MR,
2.2.5.2 FAFHEE (SEMD PR oo
2253 BHHEEE (TEMD L.
2254 X-BHEMARATH (XRD) MR



H %

23 LBR5itie 20
231 FEECER T AR oo 20
2311 AR FCER BRI TSN oo 20
2.3.1.2 U BERTRE FGER BB T M oo 21
2.3.2 AEWITURIT T e 24
2.3.3 TR IKZE ST T e 27
2330 HEWTIRIKZE T T e 27
2.3.3.2 AEMTIRMEAL T e 28

24 XENGE 31

EoF HICE TR oeerenecnenecnineeseneessnssssssssssscssseniassmsssensassnssssnsass 32

31 3518 32

3.2 KEERS 32
3.2.1 SEIE AL IR T cvoeeeeeeeeeeeeeee et 32
322 SEIA AR oottt 34
3.2.3 AT IIAR oo 34
324 SEEPERETTAT oo, 35
3241 ZEE VTR oo 35
324 P T oot 35
3.2.5 G R TV oo 37
3251 FTEIIHT (TGAD oo 37
3252 BET MR oo 37
3.2.5.3 HLMARHLLANERE (FTIRD oo 37
3.2.5.4 FEFPTHEBEH (Hp-TPD) P, 37

33 ZR5itE 38
3.3.1 REHY 73 I AL AL FCER B oo 38
3.3.2 MMM REHY 20 T AU AT FCER B e 41
3.3.2.1 SR FE PG ER I BRI M. oo, 41
3.3.2.2 AT AN HT v 42
3.3.2.3 AT I M e 48

34 KE/NG 51

B AR HEREBERR. ...cccoeeeeerenenensnssssssssssssssssssssssssssssssssssssssssses 52

II



H %

41 5|§ 52
4.2 LIES 52
A1 I EG IR T oo, 52
B.2.2 LI ATIEE ettt 53
A3 A T T B8 ettt et et e ernaen 53
R S INTR X 1= 1 OSSOSO OU TR RURRPRUSURRRN 53

B S T R AIE T V0o et e et et e e et er et 54

43 &R 5118 55
4.3.1 FLCER SRS FEIETIAL PR A AT 4E 2R IR e 55
4.3.2 MRS AT HE 22 BRI EE M o 56
4.3.3 B LT e B A K AT 0 3 T oot 57
4.3.4 HEALFIRS 3 2 4 22 BR AR TR T B M e 64

4.4 KENG 67
FRHE it 68
2 | PR 69
- . .79
B H]eererennenecnicocnensoncencasensnsonsassssnsenssnssssssssssssssssssssssssssnssssssessenssns 80

I



Contents

Contents

Chapter 1 Introduction.............. S |
1.1 Introduction 1
1.2 Biomass energy 1
1.2.1 Definition of DIOMAaSS. .....cccueeruiieiieiieiie ettt 1
1.2.2 Characteristic 0f BIOmMAaSS.......ccueeiirieriiiiieieieee e 2
1.2.3 Utilization of BIOmass........c.coeiuieiiieniieiiecie e 3
1.3 Microalgae 4
1.3.1 Characteristic of MICTOalZae.........c.ceveeriiiriiiiiiianie it 4
1.3.2 Current development and research on microalgac.............cccceeevvivenvirennennn. 7
1.4 Cellulose 10
1.4.1 Structural characteristic of celluloSe........ccvevuiiiiiiiiiiiiiee e, 11
1.4.2 Current development and research on cellulose..........cccoevvvieeeiieiiiieenieenns 11
1.5 Significance and content of this thesis 13

Chapter 2 Pyrolysis of Dunaliella SAlin@...sessseseeeesesiciicsccssssnnnnnnes 14

2.1 Introduction 14
2.2 Experimental 14
2.2.1 Materials and rEageNLS. .......ccuieruieriieriieeiieiieete et eteeiee et eae et e enes 14
2.2.2 APPATATUS ....eeeeeeeiiieeeeeiieeeeeieeeeeeiteeeeestreeeesabaeeeesasaaeeeessaeeeenssaaesennsaeeeennns 15
2.2.3 Catalyst PreParation.........c.ccveeruierieeriierreetiesreesseesreesseessreesseesseesseessseenses 16
2.2.4 Evaluation of reaction performance...........c.ccceeveereeeiienieeiiienieeieesie e 16
2.2.4.1 EXPerimental PrOCESS.........eeerureeiuieeeiiieeeiieesteeesteeesreeeneneessnreesnseesnneeens 16
2.2.4.2 Analyzing CONAILION........cc.eeriieiiieriieeiieie ettt 18
2.2.5 Characterization MeasUTEMENTS........ccueerueierteerieerieenreesieeseeeeeeseeesseeseeenees 19
2.2.5.1 Elemental analySiS.........ccceccueerieriieriienieeriiesieenieeseeeseeeveeseessneenseessneenne 19
2.2.5.2 SEM @NALYSIS..cueiruiiiieiiniienieiiesitesie ettt 19
2.2.5.3 TEM @NALYSIS ...uviieiiiieeiiieeiiieeeiiieeieeeeieeeeteeestaeessteeessseeesnseeesseeesseeesseens 19
2.2.5.4 XRD @NalySiS.....cccuieruiieiieeiiieiiieeie ettt ettt ettt et 19



Contents

2.3 Results and discussion 20
2.3.1 Direct pyrolysis of Dunaliella salinia......................ccueeeueeeeeeencrenaeirenannnen. 20
2.3.1.1 Effect of atmosphere on the pyrolysis of Dunaliella salinia.................... 20
2.3.1.2 Effect of temperature on the pyrolysis of Dunaliella salinia................... 21
2.3.2 Gasification of biomass Char.........c.ccooiiiiiiiiiiiiiiice e 24
2.3.3 Steam catalytic gasification of biomass char..........c..cccceveniiniiiiniinennn. 27
2.3.3.1 Steam gasification of biomass char............ccccoccveiveiieecieicciiece e 27
2.3.3.2 Catalytic gasification of biomass char.............cccoevvvevciienieieienieeiane, 28

2.4 Summary 31

Chapter 3 Liquefaction of Dunaliella Salini@u........auecevcsseissiooeesseccceee 32

3.1 Introduction 32
3.2 Experimental 32
3.2.1 Materials and 1€ageNtS. ......cc.eevuieriiiiiieiiee ettt 32
3.2 2 APPATATUS ...veeeeeniiieeeeeiiteeeeeite et et e e ettt e e eatteeeesabeeeessatteeeeennbbeeesennnaeaeennns 34
3.2.3 Catalyst Preparation........ccceeeeirueerriiiieenieeieenieeeieeseeeseesseeeseesseesnseenseesnsens 34
3.2.4 Evaluation of reaction performance...........cecueeevveeeeereesiieeesrieeeveeeevee e 35
3.2.4.1 EXperimental PrOCESS......c..ccverueeriieeieesiieeieeteeeeeeteeseeeveestneeseessneenseens 35
3.2.4.2 Product analysiS.........ceceeruieriiieniieeiieiie ettt 35
3.2.5 Characterization MEaSUIEMENLS......c...eevueerrierieerieenieenieerieeseeeniee e eneeesaeeas 37
3.2.5. 1 TGA QNALYSIS ..cuviiiieeiiieiieeieesite ettt ettt ettt ettt ebeeseaeeteeseae e 37
3.2.5.2 BET @NALYSIS..uuiiiiiiieiiieeeiieesiieeesiee et e te et e st e e teeesssaeesareeesnaeeesaeeenes 37
3.2.5.3 FTIR QNALYSIS ..ccuviieiiiieiiieeiiie ettt ettt et e evee et eeneee e 37
3.2.5.4 Ha-TPD @NalysiS.....ccceeeiuieriiiiiieiie ettt 37
3.3 Results and discussion 38
3.3.1 REHY catalytic liquefaction of Dunaliella salinia...................................... 38
3.3.2 REHY-modified catalytic liquefaction of Dunaliella salinia...................... 41
3.3.2.1 Effect of REHY-modified on liquefaction of Dunaliella salinia............. 41
3.3.2.2 Analysis 0f bi0-01l.......cevuiiiiiiiiiiiieie e 42
3.3.2.3 Analysis of catalySt........cccveeriiiiiiieeiieeeece e 48
3.4 Summary. 51

Chapter 4 Degradation of microcrystalline cellulose .........cccccsssnnnes 52

II



Contents

4.1 Introduction 52
4.2 Experimental 52
4.2.1 Materials and 1€aZeNTS........cccueeeruiieeiieeeiieeeiieeeieeeeiee e e 52
4.2.2 APPATATUS ..ttt ettt et ettt st st s 53
4.2.3 Catalyst PreParation..........ceccveeerureeeieeeniieeeniteeesseeesseeesreeesseeessseeessseesssseens 53
4.2.4 Evaluation of reaction performance...........cccceeeeereeeriienieenieenieeieesie e 53
4.2.5 Characterization MeaSUTCMENTS........ccueerurierteerueeerieeseeenieeseeenteeseeensiaeieenins 54
4.3 Results and discussion S5
4.3.1 Effects of pretreatment on microcrystalline cellulose...........c..c.ccoeennn.ne. 55

4.3.2 Effects of catalysts on the degradation rate of microcrystalline cellulose.. 56

4.4 Summary

Chapter 5 Conclusion

4.3.3 Analysis of liquid products...........cceevieriieriiiiiiieiieieeie e 57
4.3.4 Effects of catalysts on liquid products...........cccoveieuieercieeeniiieeciee e 64

67

eososnee (1] 68

References. R
0000000000 79

AppendiX.......eeeieieeccccnianess

Acknowledgments.....eceecoeecsccsssssesseses

I



11 3|8

BRI 2 A H Lol U A7 R JE (R Bttt ] PO e 1) 45 T R
LGS T o B AL 2RI U i , NN BEIR K 75 SRl At il 2 4 A2
20 1H2d 70 FEARLAK, AN RS AT Lk, KB ARV A OGRS AL 1)
PRI . FaTI, A5 THUR ORI AL R RO, RE AR AR L CRR
D, BERA 454, AN 11348, RIRAUh 27 5. IEEaik, JRIE Al
THFERIEIN T 90%, RARSHEIN 250%, (H A Kefif b8 G PR . Bl fE 5 E
SAWIIE I, A7 R E AL AR, WA RS H e, Ak h H T
o CATRES R BUA R EF o), N Al SERFIRAR S AT BT
ANTT P A PE RIS, 38 A N SEAF AN T o AR R A A s R e ik
W o TR A BRI ARIRI R B vt 0 (0 m] P AR R Ay 21 20 A Bk B 1 ) L

i R0 R T PR AE e O A BRI, 5 4% [ HORE HES) v] Fy
R REUR IR R R 2 21 T2 BE AR A e s o Bl B o ] AR RV R 2 S A e m]
FIAE REVRRRT ] P AR AEVE o AR T 1A BB IR 2 LA 8 KK R B R (1 A4
JCRE, BT AR AR BRI N K L, OKPHBE. RE. ZEWTRE . HiFARE.
e R AN ] PR R R 3600 o AR RE R L AU “ BHOR AR, T
PRI I U5 3022 JOA SR 5 T 46 52 T bk

12 ¥R EER

1.2.1 £MREX

PR AR K B e LMG 2= Re R A A AR b I RE B N, HER B
MR TSR AR I E GBI, A4 BRI S . BOS RS IRRL, 2
CAA9) 5k B A TR T 7 A R U o 2B W I Rt e 454 FH T T RS 1 45 R A BT,
SEMLER P AT e AT A I Eh . Y CRARVEDSED L TR,
W, USRI RA . HRRARE I 2 AR, s, AR AE

1



$E SCERERA

WEFW . AT TP A B AR i [ 44 R 515 © 7

1.2.2 YRR

Y TLRE— A NIV A W AR, DR TR AR RIR S
17 Tt A BRI S DR SR VUG W RE R, (R BRI R b A A,
Pyl EEBAT LR JLANRR A

(1) A FEAEME. BN EEE

)T AL, PR, AT ORUERE USRI KSR o AR R R
MO RREVE REARAE = 10T A4 TS B2 1400 12~1800 120, e 457 kb,
R T H ATt SR BeFEN 10 £ FIE TR el i A4 i gt U5 31 2010
TERIE 3 AL BEAE ROV, Rl i B ARINAE ™, AR B8 UL 4
P UEAUN

(2) (K5 3k

TR MBS AR RL, ST RORAHEL, SmENS AR, K
%, TR AN R T S B A5 PR IS I A SRR, W, A
TR I R o A B ) e IO D R0 10, SO0 T R A L R Ul S
7 HA BB X,

() J Tzt ZHEE

BTGRP EROR, AR BRG], AT AR A
W7 R AR AR . AR RERN R 2 RS A R T W 2 Rk 2B
JRREA A CUIVE S AR S AR (A S A= 55O,
R NNOD RV SR WISV K i

(4) AW FRATIRR 53 s BAEVE A0 . SR AR BT B TR A E AR
A, 1 H— A b K 43 s KT R M T A4 T R R e R FA SRR o 8 U
SrH ZETIMER, BURNEEFIRE R AR, R, 8. AR S I KA
S TRE A H 0 T A A,

.
.



123 £MEKRAA

ANTA) A ST DR AR Y ERAN 2 D AT AR 22 5, W3 U T R (0 3 A0 R
TR ZRE . AT BRI e AR ) TR 2 ZE R LR e e . Ak 4
W B — KLU, T A ) R A B A A A ) T R Y 4 R
T I —ANTE R R R A BOR A B AR WA, [ A
Mg AT A, IR s g sk,

PRI R B He A T B ORI E A rh BT b, KR
(A7 e e d e A e « DUBRBE B RE M R o o R B BOR R e T 1L
BRIGEIE Koy I ) 12 S5 AR i e A AR B (R A ) ol o] LAEAT IR, R 1T = e o
HAEKGE =T 50%MAED T, G FA 70 ERZIE T, &)
PRI ARTE BEREAT — SO TR B, T R WTEESE, AR T AR
161, AW AR AE YR AR R (700-900 C) R, FIHASE G AW
JFUE AT (= AL K R B iR AR B CO,
Hy. CH, S5 af VSR IR o AU R A G RHMEF,  n] E R be sl AR A
SEEHL. IRPURRL LUK L, ] DU SR A B — 284 2 00R), AR s v
R — A 20718090 AL i PR, 382 TE o A sl A
PR HAREREVIWT R o T AN SRS, A2 AR R 8 A b 1
Ko TRV IR . A g s s AR IR e, IF ] LU I i
RS T A O TR AR A R AR 1= 1 PO AR e — iR
A FF AT DT FHBEAR o A A= AT 2 AT o VAL R AR AL
TN AW T 25 100K 5 F A HUER B W OBV AR A A P ) M A 22 1 . %07
VI R SR AN T SEEAT I A MO i S5 2D R, S Nt FEE AR A1, YA i
OftiA7 s,

PR T B B AT B ) AR T T P AR IR AL IR, AR LAy B
ey BB S, HAGATREHHEL R AR Sk, SRR, S Em, SR
EA%; pHEAN, SBEYE: S5 m: SRS M RUe 2=, HEHTk
HUARAEGE A iR 2 2 1 BRI T ZE AR — ks, R e
PRI ST SR BRI A i, IR A L, AL A S5 A B A R
VERREL o TR A5 38 R AR FH B A= e A e, 45380 A A e i [ e v 2
WM. BTLA, A S AR R A R R A 257 B 2 i DG R

3



Degree papers are in the “Xiamen University Electronic Theses and Dissertations Database”. Full
texts are available in the following ways:

1. If your library is a CALIS member libraries, please log on http://etd.calis.edu.cn/ and submit
requests online, or consult the interlibrary loan department in your library.

2. For users of non-CALIS member libraries, please mail to etd@xmu.edu.cn for delivery details.



http://etd.xmu.edu.cn/
http://etd.calis.edu.cn/
mailto:etd@xmu.edu.cn

