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Abstract

Pyrolysis characteristics of Enteromorpha prolifera, cornstalk (grass biomass) and sawdust
(woody biomass) were investigated with thermogravimetric analysis (TGA) method. The results
showed that Enteromorpha prolifera has lower thermostability compared with cornstalk and
sawdust. The kinetics parameters including activation energy and the most probable mechan-
ism functions of the three biomasses were calculated by Coats-Redfren method. Moreover, using
sodium carbonate as catalyst impregnated biomass, the pyrolysis process of the three kinds of
biomass and the effect of the catalyst with different concentrations were studied with thermo-
gravimetric analysis. The results show that sodium carbonate can decrease the initial decompo-
sition temperature and the maximum weight loss temperature. It has a stronger catalytic effect
on cornstalk and sawdust on Enteromorpha prolifera as far as the decrease extent of the tem-
perature is concerned.
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A 5 S R e AR P A SE A R B PR A T AR R, B M A, A RRUR(COL CO,n
Haov CH,55). [fl A (£5 e tFR A= P o 2 ) R A (CE 0 i) =P A R o SRR PR 70 A P o B AR P 11—
FRE T2, Gl R A P T AR S R i R AE R G — A R B 1. (HE, AR R — A
R HR N RE, ARIREE . AEVITEORMRRME . AR BRI 7. TR SR AN AUR i B A5 R R
Ho 2= AN [F) 25 T 52 M A 400 A R . P 28 A 2 EE B[] (2]

Horf, AT LLRRIE R AN IR RS, 10 LR S5 @ = 4L e, =y b Sk & &
B, AR SR, &S T URESCN B PR SR RE[3] [4]. % T URRE, TR AR AN
P P T S AT T LA R (e A TR AS 5] A2 0 A R AN TR [5]- 8] H R F AL 54
WA 4> T HZSM-5. 388 (NaOH) . Bl 4 Jm B R £5 (Na,CO,)« Bl 4 & 2R i (NaCl. KCI). B4 @ kiR &
(NaSiOs). B A MA(ALOs. TiO,) [6] [715F. BTN ALY R KIEMERE T RZ M5, A
B XTI E A A R AR DGR ST HAR A, A SCHIE TR 5| S AT T A

AR F T T =R AR A B DL B R AR ) R S B AR E W R AR I 22 S, RS R L


mailto:zhsdust@126.com

RIS 5 S 5 P AR AR S LA B T 7

ol LA TR] B BSLATLER F) R BRI = A 2E W5t (30 1122 2400 0]-[15], JF#fiE HEREUIB /1228, wa
LA NapCOs NHEALT, Xof = Fh A=W BT IR EAT 1 07 SR, DA BT LSRN & 9 E W s R
fAE L RIS % .

2. MRSRE
2.1. R

SR SR FH SR & CBEAE IR ) . FORAEFT (B AR ) AR R R AL W) A RE 3L 1) 4%
WIS (2009 4 4 H SR B0 SRS, Enteromorpha prolifera); 2) o KAEAT(2009 4E 5 H % h A RHE K
2B B 2008 AWK B T-F5FT, Cornstalk); 3) 4EA(2009 45 4 AR E ILARE W, Sawdust).

IR BRIREN( T A, REETT RN AL E R T R D).

2.2. RMEALFIRE Y B RATHIE

SIS IR R AR LT I = A= W AR S TE DR TR AE N 60°C T, FIMBENL 5k RE, - 40 Him 7
S AEIORAE < 0.45 mm [ =FFESL, 20l BB . DA 2 IR IE SbR itk GB212-91 il sE 1
JHERAT I, JCER /5 HT7E Elementar Analysensysteme GmbH JTER /T LA EREAT, £F4ER . PeF4iR
FIA R 25 B 72 43 )% F T29% 0 BRIR K Ak . 2 mol/L Eh R /K v AR BR IR E[16]. BER A TAk2M KT+ 7C
E RIS s Ve

TR FR AN (R it 1) 46« SR FNBIR BT, 0 42 2 Frow, BOAS [A)J03 & RO b G 5 0 AR KRB AT)
53NN 50 pL AN A3 FE(0.2%, 0.8%, 1.4%, 2.0%) 1k B BN W EA TR 35T, il 2% A AL 7712 B2 20 Sl A 1%
4%. 7% 10%IHWFES, TRNTEFEN, 75°C R 12 h BA],

Table 1. Proximate analysis, ultimate analysis and component analysis of the biomass/%(wt)

=1L ZMEMR TS TR 573 H%(Wt)

e WE AR FORFEFF
Tkt 2 (wt.%, ad. Basis)
K4y 9.83 6.51 6.97
WKy 12.46 5.48 3.30
Ry 68.79 75.50 75.63
I SE Bk 8.92 12.51 14.10

JLEAHT (Wt.%, daf. Basis)

C 32.89 52.69 42,57
H 4.67 5.92 5.32
0 35.33 41.54 38.73
N 251 0.48 1.16
S 243 0.65 0.83
WA 43HT (Wt.%, daf. Basis)
Lf o 13.49 24.06 14.11
NN 8.81 24.75 21.20
AR S 29.03 31.26 22.01

*Weight percentage on as-received basis; "Calculated by difference.
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FEA ) TG-DTG Jl5E R HEi+ METTLER TOLEDO A &4 77 i TGA/SDTA851® #E ) H1iX, %%
SEFKFE, HEHLE A BB K IRE(TG). M A E(DTG). LK R L 99.99%H &S NE,
=, WEAN 50 ml/min, FHEHEZA N 5°C/min. 10°C/min. 15°C/min. 20°C/min. 25°C/min, &30
A 30°CE 700°C, FESFHEZ 9mg.

3. LWHERSTTiR
3.1. =HEMIRARIFYE

SHEFE T R - T P (TG-DTG) /4 [13] [14] [17], YEAXTEE, A S T s A G A= A= i &
KFEFFANAE R A BTS2, W 1. (4 1 R, =FAEYRNE M E T M= B, BB
N 200°C LA FIZEM8 Sk BB B, 0T 7K 3 BT R A AR AR A 23 IR B0t 3 5 7B B Ak L e i
20%, 76K T-85 AR (1.2%) F1 E K AEFT(3.2%) I L i %6 . 55 B B PRId R BT B, 1L 43 Jll /& 180°C~530°C
(&), 250°C~430°C(HEAK)F 200°C~400°C (K AKFEFF), =M BN T AW H K FHIRRSE . Wi,
FER LRI . 5B =M BERIUNGAR R E, MR B BT R R R R A I

B R B ST 7 P U P R B KB X L R BE R R W < FORAEFT < R, X— 7T H
TS S AR A WU AZE R 122 5 [18] [19], 95— 5 Tt 53 & M MR 7> & B 9% [20]. 4K
RN RAEFT N b b i SR B MR AR . PR AR R, HP AR FERIEBUKIE—FE

Table 2. Preparation for samples with Na,CO3

7 2. PNERBRSNEORE AR

RN & = 1% 4% 7% 10%
P i A 2 (9) 0.0099 0.0096 0.0093 0.0090
TRFR AN A 2 (uL) 50(0.29% 1)) 50(0.8% 17 ) 50(1.4%[1) 35 50(2.0% 1))
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Figure 1. TG curves of three kinds of biomass without catalyst (8 =
25°C/min)
E 1 =REYIBRAR I ETIRTRY TG #iZk(s = 25°C/min)
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MR AR, T & B =R S R R AR R S ERAL ETHT SRR, K EiE
12.46%, 100518 A AN T KA AT 488 i b v S AE M O AR O0 AR A 89 8 oh O™ M lSons SR e B AL A T, mT 1A
AR AE R AR R A [18]

3.2. ZMEIIRRBRINZFE S

AT HEPHRIRES T AR SRR S0 AR, BRI R A R K. M4 Arrhenius 2 3R &= A4E H
SEMRE, FEE I MR AT AR OR N
da

o =K@ L)

k = Aexp (%) )

b kA Arrhenius S 25 F(min™); E MR BTG BE(KI-mol™); R NS A H %, R =8.414 Jmol™ - K™;
A NHIRA T (minY); T N4 EE(K).

f (o) TEHR EER T PR SR S . — MR RR S f (o) SR T RS A € JE6, B
TIRMFESE o B FHEEZRE B Al RRN:

dT
ary ®
K @)FMEHRN Q) FFEH AR
da A -E
o= 5oolar )@ @

TI R IR T AT LR
a d AT -E
G(a)=] T;:EITOEXp(ﬁde (5)
K Coats-Redfern #2143 2{[18]:

In{i?)}zlnﬁ—£ (6)
T BE RT
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Table 3. Integral kinetic functions G(a) of different reaction mechanisms

7 3. FRIR MR G (o) RE[16]

No.
1

2

8-10

11

12

13

14

15

16

17

18

19

PR A4 R
Y AL
Valensi 7772
Ginstling-Broushtein 772
Jander 75 &

% Jander 75 FE
Zhrualev, Lesokin and Tempelmen J7 2
SR
Avrami-Erofeev J5 f2
W AL AA (T FR)
WCARERAR (AFR)
Mampel Power 7: 11
Mampel Power 7: 11
SR
IR
32 %

—

=%

L
—4Ey#, 1D
Z4EhHL, 2D

=YL, BRIEXTRR, 3D
ZHEYBL BREXRR, 3D
—4EYHL 3D
=4y L, 3D
1

n=-—

4
BENLRAZ FIBE J5 44 (n=1,1.5,2)
AL TR, BT FR
AT, ERIEAT AR

n=1

BN G ()

az

a+(1-a)n(1-a)
(1-2a/3)-(1-a)”
[1-(-a)"]
[(+a)"-1]
Ya-o)]" -y
1-(1-a)”
[-In(@-a)]"
1-(1-a)”
1-(1-a)”

a'?

2

1-(1-a)
1-(1-a)
(1-a) ™

(1-a)' -1

[(@-a)-1]/2

KJ-mol™, 60~90 KJ-mol™, 25~50 KJ-mol 2.

3.3. =R EL AR

CABRER SN AL 3 R AR TG ik 7 in e 2~1%] 4 o, DTG #iZk il il 5~ 7(8 =

25°C /min) {77

1P 2~ 7 ATELFE Y, NapCOs % = Fh A R (AL SEMa B A AR, (BXREAR 1 =R B U R A
SRR L, (R HE TARIRAE R BIB H  IIN NapCOg J5, 5 K 2 B 308 7 f I B2 30 P A, O HLIah
AR T P2 R 5 DA L R o0 7 P i B o A 7518 I 0 M m i aek,  BIAE —SE AL RS I RS R Y,
AL TR S R, W0 FA ARl FEE AR 5 K 2 R 38 4 o L i P SUBRAE o A 6y A A i PR M1 K 2 Bl 2 oy
XS U 2 A1 3 oo LR TR R BT A0 o A s A gl P2 AT 5 K 2R BT X I 1 T8 1 7
Bréli R 5 At R A AR AL S B A A P BORE S IR BT R v R AR A 2R [20] A 7R /1N, TR
BIER DRSS b AR AR BB R R 1R R SR, SRR A A R SR BT R A
17 H 3B m] AR B R A&, BT BLS B I Bl 2P 3 SRR R MR R

Ni[21].
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Table 4. Non-isothermal kinetic parameters of three kinds of biomass

4 ZMEMRNIEFFERNNFSH

. T KAEFT(200°C~400°C) HE A (250°C~430°C) HFE (200°C~500C)
® E/(KJ-mol™) InA/min* R? E/(KJ-mol™) InA/min™ R? E/(KJ-mol ™) InA/min* R?
1 59.60 9.44 0.9927 103.83 17.76 0.9583 21.31 1.14 0.7960
2 65.33 10.22 0.9914 113.43 19.27 0.9701 26.39 1.97 0.8549
3 67.61 9.30 0.9904 117.38 18.66 0.9743 28.63 1.12 0.8762
4 72.22 10.47 0.9874 125.43 20.49 0.9810 33.23 243 0.9094
5 53.82 5.69 0.9929 94.85 13.456 0.9491 17.25 -2.35 0.7531
6 87.45 14.31 0.9728 152.66 26.61 0.9910 49.39 6.85 0.9669
7 32.30 3.05 0.9831 59.22 8.44 0.9793 12.49 -1.60 0.8393
8 35.06 5.18 0.9774 64.12 10.96 0.9852 15.36 0.71 0.8961
9 20.25 1.79 0.9721 39.39 5.87 0.9821 6.90 -1.76 0.7794
10 12.85 —0.08 0.9641 27.02 3.19 0.9780 2.66 -3.55 0.4592
11 29.73 3.04 0.9873 54.72 8.07 0.9711

12 31.42 3.10 0.9847 57.67 8.36 0.9768 11.60 -1.61 0.8151
13 25.11 2.45 0.9900 46.88 6.89 0.9478 5.64 -2.75 0.4958
14 7.87 =177 0.9752 18.40 0.92 0.9129 0.3291
15 17.81 1.02 0.9681 35.09 4.69 0.8808 0.0090
16 12.50 -0.25 0.9029 27.00 3.02 0.8001 0.4008
17 47.96 8.57 0.9449 87.73 16.41 0.9876 29.87 4.95 0.9830
18 2.05 -3.44 0.1333 10.35 -0.25 0.6616 2.08 -3.29 0.7401
19 47.96 8.57 0.9449 87.73 16.41 0.9876 29.87 4,95 0.9830
20 63.50 12.54 0.9093 116.79 22.99 0.9705 48.31 9.92 0.9913
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Figure 2. TG curves of Enteromorpha prolifera with
Na,CO; under different catalyst content
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Figure 3. TG curves of Cornstalk with Na,CO5; under
different catalyst content
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Figure 4. TG curves of sawdust with Na,CO3; under
different catalyst content
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Figure 5. DTG curves of Enteromorpha prolifera
with Na,COs under different catalyst content
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Figure 6. DTG curves of cornstalk with Na,CO5; under
different catalyst contents
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Figure 7. DTG curves of sawdust with Na,CO3 under
different catalyst content
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I 7 5 A7 6 (BRI, NayCOg Xt = Fl A R (K AL AR F LL B 2, e B R BehT HRRAR T £
ST G A U P R 5 e TS R ) 7 FAIRLFEE o fEL NapC 05 6 =i AR AL SR AR 52 AR ), M BT A
KA, Na,COu it ZHEM TSR : EK > TRFEFF > WE, XA R SR E RIS
—EXA.
4, g5ig

AR RAS R SIN AP AR L R AT FEBOR sz B, TR ARG A AR LA
R T 3 B HEAR TR BN 24 BT TR A R[] [2]0 s AR ST m] LLUACHIL -

1) JEIE = R AR (10 A5 AR i 2 B AT, AR O B AR AR R AN R UKy
NZAY B £ K2 200°C VAR A A B 55— B BUSON. T2 22 AP0 5T ORI SR 7K AN 5 B 28 73 Bt e 72
REBONGNE; 1£ 200°C~450°C )58 —Fr Bog BRI BL,  (EULE Bibr th KRB RIIE R 7, Ko T JRIZN

B Wi, R, A FEREM B 450°C 2 G KA R BRIE =M B, Rk SR A
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Table 5. Initial pyrolysis temperature (°C)
5. YIARERREE(C)

JE A Aab3E 1% 4% 7% 10%
WE 151 151 149 147 135
FOKRFEFT 194 190 177 169 153
HER 236 234 229 212 203

Table 6. Temperature at the maximum weight loss rates (°C)

7 6. RAKREREINANRE(C)

R RAbH 1% 4% 7% 10%
WE 265 258 253 248 244
FRFEFF 352 339 318 313 302
Bk 391 358 335 310 300

G IRIOB B e AR ZEV BT = AN IR B IR R A AR, M S & T R
ANEEHE KA R AE A AT AR AR TR S A, R R 1 FA AR A 12

2) [E N AMEE LAY AR S NS 735 05 TR T VR 22 BRI AL, HOR 2 302 R B AL Ak 2
JSEE IR AR I RT3 T REAT e A SCAEAR MR BOR MALER R RTHR T, S 5 W AOAS [ S LML 1 R BOR B
WA BN F1 2 B8 IR T NS 2 S B e — € S H N E.

3) AL SN ALY AR — N EEE R R R . A RIRER) Na,COs HFFAIK 1 =MLY i 4R
PRI L, T L A oK 3 0] 7 Yl Pt T PG o L AR FE AR FE AN AN AL I — 3. Na,CO;
Xt =R A AL RCR AN TE A RV, AELERT AR W 5470 s FA A T PS8 AR 5 DK 2 L 068 o 1 i 2 e IR
ETT 5 NagCOsz Xof i A A= 4 J5t T KA AT AR A A AL R0 R B T P A W B il e & O AL RICR . 3K
ANGE R RE S TR B R B AR RO S5 K BRI A O, L5 A 7 18 DA L IR IR AT AL R B AR
Na,COs AL FHIELAT —5E [ B FH BT 5

B W

TR e [ RL 2 B AR P AR B S2 06 5 Tl 42 (CASKLB201507) . 5 5 i BHBL 111 (13-1-4-232-jch)
Bl S R e A 0 M) i 5 AR 20 A AR L i S50 55 i 2 42 (MBSMAT -2012-03) « HH [E[ 18 - J5 2 4
(2013M540560. 2014T70659). [E 5K H AR} 2234 (41302079) %5 %) A TAE 1S HFo
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