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BRI AAARRE R BRNERY), BEENR. RERMEESEE
RERS . EEARTBENRFZEEKX, MEEXERE, B—FRANEE &
AT LR TR BB R EERAT LR R R EMAREIR 2N, R
ESHEN. BT, REMEROOABRIEER, S0 HHTRANF AT
7K, BOBEANSEHEIR. BMAFE=REERSS, KEMEA KRR
MEBO, SBERER/ROBREOTERY.

AL RMMFEFIA. #—PRARLBFWME, KRN ERB#ET
A, BIERERGRMEYSEM, FHXHLHTRFRMAES 4, #—
SHHEEYEnERRNEBYETRL. I, HEFAHEERTH/K
YRR PR B T B, R IGRATR A S RIE, SHHLAENHE.
AMAEELERE:

(1) DURERMA RSB RELHEEY SR, K, RERELER
B, PYBETE46.5%; Bl L 3 EXLRMBEREMT, RILHEE
TZ: #AFIAE 3.0%, RMNEIE 120min. BE 65C, FRAR 75%: =9
RERETRELYEmIFE, BE2TER 0*EmER;

(2) LU /R TR B 935 /R M AR BT AR (TOFA) X [Rkt, EERA R,
B A RE S R B RS SE. KPP, NKC9 RBRMIEMET

T BRI R R AE, S RS M SRILABY T A RUR & TOFA LR, 45

HRNEE, 2RRESNBRBETERM: KNEE 65C. KMNEE 1h.
HE 5 TOFA BE/RI 10: 1. B/KFIAEA TOFA # 6%. NKC-9 AI &% TOFA
i) 40%, ST TOFA #4LE 90%; P&l 5SMEEM e RERH: =
Y88 R AR A e ARdE, A LA i R PR R A E TR R R 0, PR A IR
HEISEAE R FEMRIR 3N S 2R S LR B A Al BRI A MATLAB 8443t
B, BIBAEENRCESRELELORX N ESH, IERUSERS
TRBEREYE, HERESERIFEAE T TR ZRONERATEIE;

(3) FIAHEEYEMERRNEREFEHY (TORA), RINHIEE/RM
AR LAFAR. BRI FooREDERFERER, RN S: 3,
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HRCERHE pH S 5, eb B HARRFIR 2%, 43K Cobb T3 10009,
LRk IEHUX 12.26I1N.m/g;

(4) IRAFILE (PAC) HFHEFHRELRAN, HRFEER (NCO)\ K
LR (PVA). BFEFHEH (CMO) MM, $I%MAETIFHETHER
# (NCC-CTS. PVA-CTS 1 CMC-CTS), Rt T MafeERiE; e CMC-CTS
RIPH B F R A A e B i, Cobb {524 12.67 g/m?. HEMEH Zeta BALE T
R, BRMABERNEH G RIYERHE T BOLRRR IR s
AR, BHERRARAZEA, HeukE S B R RS R 3B AR A IR
BEMIRIRLH, RE PVA 1 CMC 5 PAC ¥ MIRHIBIR R AL RE,
AR R YIRS, 1 NCC RREHBEMER: RkREmEMAITRY,
FH BT IR 4R B P AR T M R ARk R T B S BEN R RS, WRTH
Be B fR AR T SRTR I R HLEE.
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Abstract

As a byproduct of coniferous wood recovered in the Kraft pulping, Tall oil is a
mixture of several chemical components of great economic value, mainly fatty acids,
resin acids and sterols. For its large volume of output worldwide, Tall oil is relatively
cheap and it is a chemical raw material of high cost performance, with a promising
application prospective. With the rapid development of paper industry in China and the
wide application of Kraft pulping, the output is increasing as times goes by. But, little
importance is attached to Tall oil resource domestic, and thorough research on its
application is lacking. Except for those fractionated to produce fatty acids and resin
acids, most of them are exported as low-end raw material, which is a waste of the
resource.

To have its high additional economic value applied comprehensively, Tall oil is
modified and processed to produce environment- friendly biodiesel, of which the
quality is tested and the components are analyzed. The residue from processing was
strengthened.  emulsified and cationizated to get cationic sizing agent suitable for
neutral / alkaline sizing ,which is then applied and characterized , and its inner function
mechanism is analyzed.

The conclusions are as followed:

(1) Biodiesel is obtained from crude tall oil (CTO) with acid-catalyzed. Sulfuric acid is
the best catalyst, with a biodiesel yield of 46.5%; the optimal conditions are
obtained by Lo (3*) orthogonal and single factor analysis with 3.0% catalyst,
120min, 65°C, 75 % methanol; the properties of biodiesel from CTO fail to meet
standards, but it can be used as the 0 * diesel oil;

(2) Fractioned from CTO, Tall oil fatty acid (TOFA) is used as raw material to prepare
biodiesel with catalysis of solid acid catalyst and assistance of ultrasonic irradiate.
NKC-9-type strong acid cation-exchange resin is the best solid acid catalyst for the
esterification of TOFA. The assistance of ultrasonic irradiation can improve the

conversion of TOFA and reduce the reaction time; the single process factor are

Il
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analyzed, the result indicates that a maximum TOFA conversion rate of 90% is
obtained under the optimal conditions of 65°C , 1 h, 10:1 molar ratio of methanol to
TOFA, 6% of dehydrating agent concentration and 40% of catalyst concentration ;
according to the product quality testing and gas chromatography analysis, the
product quality meet standards, composition of product mainly are methyl oleate
and methyl linoleate, those indicate the product can be used as a high-quality
biodiesel; the kinetic model parameters are calculated by MATLAB software, The
kinetic model can add the missing link in ultrasonic assisted esterification reactions
and the obtained values of the rate constants suitably explained the effect of the

various operating parameters.

(3) The tall oil sizing agent prepared from TORA is the high boiling point material

after separating the TOFA from CTO. Emulsifier is the complex system of
polymeric and low-molecular surfactants. The Cobb value and tensile index
separately are 10.00g / m? and 12.26I1N.m / g under the conditions of the 5:3 of

complex ratio, sizing environment pH 5, 2% of sizing agent amount base on the dry

pulp;

(4) A series of cationic sizing agent(NCC-CTS, PVA-CTS and CMC-CTS) are

prepared from tall oil sizing agent with synergist (NCC, PVA, CMC) and
cationic reagent (PAC) , which can achieve the paper sizing in the neutral
condition. CMC-CTS is the best cationic sizing agent, Cobb value of 12.67 g/m?.
Zeta potential analysis showed that tall oil sizing agent can be transformed to
cationic sizing agent use of cationic reagent; the particle size and chemical
functional group are analyzed ,using laser particle size analyzer and FTIR and the
results showed that the cationic transformation process to lead to the increases of
particle size and chemical bonding occurs between the sizing agent
particles « synergist(PVA&CMC) and cationic reagent(PAC) ,NCC just stabilize

the emulsion; the analysis of surface contact angle of handsheet showed that the
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paper sizing with cationic sizing agent can reduces the surface free energy of paper,

which explains the sizing mechanism.

Keywords: tall oil; biodiesel; Kinetics model; cationic sizing agent;

neutral-alkaline sizing
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R (Tall Oil, XRRZ/RM. AREM) R—HFRE. WHE. BARKNEER
WK, BRAAKBRESIRIEIRE . CUAK B BRI RIS AR, HAK e i i B A A
B BRI, BUARTHEERY, AN Phhbgm A Te®: BlK
HE—ERER, HRLLETERRE, $HLHEFARTR, FHEAE/RE,

1.1 ZAMEFTELEEX

SREEN, SENERMFEREEX, Wik2007MY, HEKR, HiKLRRERKT
BER, REURANEHOHEERTV XERR, BTRENETE. BN ERHF.
ERSEEATL, R Tl BR WL 3. ANSERELRITHEX,
R DUAA D R R AT, R EARE NP, AN, RER-MAFEFK
B, WEEESHARERNIAP, EERNRESREN, ANZWTHRHHR,
B IGETRNNRERR, BORENMEEHEIRMGR. FlnES=HE RS,
KEBAME RS BRI ORI TR SR, SERESRMBENZERR 5FEN
S,

B, &7 LHERAEOEN. 24, BNENR, ARRERmET RIS,
B & A YA TR EYSEERER. 2. FRIOTEERRE, ZRFA
WEERERRAR, BE ANENR. B2, BiEmEnntEgRRE aLaR
FERTHEERE, BAHAEEELBENTGNE, TR ST EPm B
£ 60-80%"1, 2 Bk7E E 9 BT T A PR A s, TR 2 h bk B SR R Rk i,
RSk S RIS, R AR 1-1 TR, 2 AL Bk B O Rk SRR
M B R A P A, RN, B/RMA SR &EMENFERNIFBIEEX
BNER, FIFXLERIEERT R/ B SRR N ST A8, B HATERE
O M /R R R B, NAEAMBRM KR RMINE, RPKER
ERE, RIEHBARAE.
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Fig.1-1 Prices of potential biodiesel feedstocks

MEROETTE, AFFEESIE/RMNEESRNEMNR, ARt EEYD
SEMAE RN EA, REFENTHRESH. BRENXTE, B/RmHIE Y%
WERSMTFREENER, HIZEAMBRTRATENERE, TEARRXTIFEY
HIRME: MEFRRACESEREZEATERE”, T2, RERE, BEA
BIFHE FHR AN TR R, ERATLER, RERKNGIAZE, BEEUER
T B 2% B R T AR, R LI ARG
1.2 BRHAFRIK

BRMEBRRD ARHR, MERNAZAY, R4S EEMM. i REFHW.
Fr e, ARAMAEREES B LZFAAMAEEER. LMK/ R MRS A
B B 1257 7R o
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Fig.1-2 Geographical variation of crude tall oil composition

HTFREESR. BRARM. SEILZS5EME, SEREERMELS L5H
HEEER, TEFRET. FM. EAHEHOE/RNES 0R-1FiR. BEBET. F
MBS BIABRAA BB RO AR, BTEMCHSS /R sy L AR,

F1-1 REFE XL RbAD

Tab.1-1 Composition variation of crude tall oil

R R K HUBGR
B¥ 20-30 50-60 7-14 1-5 <0.2
HM 20-30 50-60 7-12 1-5 <0.2
K 384 39.6 21.7 1.3 <0.1
AN 35.27 47.81 16.92 54 <1
L+ 39.4 374 16.2 25 3.5

HE/REE KBS S, TRIKBE TR M=,

(1) kFih (Tall Oil Heads): LRtk AMRIABEY, Ak 5-15%; FERS
AW ISR R REAED, RERE. HEBE IR B-AKE). RimE. —#5. R

&

Wt
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(2) B/RMBERT# (Tall Oil Fatty Acid): By C16-C18 HKMEBIERMK, L&
25-35%; FEAHHE. LmMIAEAEHEAD>ERMOFEER. EER,

(3) ZIBE/RM (Distilled Tall OiD): A& B = RN R ABUEH RO
B, Ad 5-15%;

(4) B/RMFAEM (Tall Oil Resin Acid): FEANR, PRETEDHELRKRE=F
R, Adh 25-35%;

(5) /RMHF (Tall Oil Pitch): BERENERY, 44 15-25%.
R FE RS L E SR 13 BR:

o
WVV\AN\)L Cry
OH
CH,
$HA% (palmitic acid) H
0 o CHy
WN\/VV\/\)Lm
~ Oy
& (oleic acid) HO
CH
M PAER (sitosterod
0
T HE (linoleic acid)
R

K [E® (steroid)

HAER (abietic acid) #HA8 (pimaric acid)

13 MR E RS
Tab.1-3 Crude tall oil composition
B0, BEREE/RMIENEMEMFRRD, RAREASHERBRER 10%. 3
2 Oulu K% Anna Koskil "Bl 28 /R il ER ¥ 4E o A M BT K R 477, Anna Hyvonen['% A\
RS R A A AHE B . 46K 2 BB /RGBS £ R 8, HI%E/RimiE
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Bk, BRMMER. BREHE. BEERMALTRELIEN, RAEBRXEEY
H R A= o
121 BAREEHEMTHRER :

BRI EER THEBRRMEED, B, KMA46%H R RRNEEY
20%H 35 R e RS T R 2 P T I RS RO 5 35 2 MPirita Uschanov N WE BB it —
I, #5 R e & MR IR SRR MR IR BT SR o=
MR B A A A 8 R B R vt 4 AR SRR AR R D TNV R B R v A
REDBUBEU-RURNAT AR _RR, B5uREREREMENE, TRf
EERAR R B, SRIENHE. AEFHNAGKERN: EREER, BRMEHRE
ERRTEERARENIER, RMHSERTIRE, JRAAHAE /RN R S
BIERMAETREN%, KEA10%.
122 BRBLEROMENA

BRI R R T IR ERARE, BANAAESRAERARERRH
F. EERMEATEDEREFIF 0% L2 RS RMAFR AR, Fr=gik s T K
SHZE SRR ) U0 3 R S AR R T 4 JRUR B L 41 23431 80% L L1170,
123 EREHEOF 5L

BORmE EERERSEH, HEILAN. BRmBRmAS, EhSELERAEE,
—BR2EHAERBEEMER, WNE/ROHELDRRA S, REARERTHRH |
I RAREIN R, SRIETRRE=RENSBETE: BRMHE RN mEYE
] B R & & HA KRR RS, AR SRR ERE; 528 M Korhonen 1 A Kellomiki
USRI R A E 5B EEAR RS £ TR,
124 FRIEERMSLFhMHMREA

AR E BEARE R SR RAER SN ER, THTHERRME. &kt
R BRA. BELPHRETREAR. SRRBILRARER . FLALHIR i
FHNPIRENE: kFHAARSNPHEY, HEAGEMAMNEA, TRATTANFE
WA SHEBE/RMES, EAEFDHEMAL HETFRERENINHETALAE.
1.3 EMSHAMAIK

K RS T AR UE R MRS R0 BB AR . BT, KTHE
YISEHRUKE . AT EMmEEY, BRRE, M. SHREEARSMEAAR

5
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LM IEHEFHEKEERmRRmiE, BREMEIER, ERLAIS5T,
LB BN, H& B — R D R B RE.

AWM FRE 1S MNELRNBREAR, 3. MYHIENSF—RH 14-18 MREA
B SRCEMSFRREEE. Bt Lo, £PEmTENRLERNERAE. £Y
SMAERELBNFHENLEY. RUDSHEERSD, THRREESSANAER: H
BEERTYHERLLH, SEEMELMME. Rit, £YEhAFHERTHALRLE
i fs 0%

(D) FRERE 2. HE EYEmORERFIERS). EYEAXKMHEELEER
R EReRE R, HENEXARSHIE;

(2) FREE, EYRFENE FREASRELENSTFRILEY. RUDEFTER
5 BRI ATIRDL) 30% CHAEEARIR 70%) M SMBRRAHE, HILTFRLEn
TTIRAE 0%HI S Bt

(3) WAk, Rty BTEYEHHNE—RE 100CHUE, EEH. BEM
HALRED, TEEURETREIMRER, FRTRRS;

(4) TARER, BESER TAREREEEMN A, BWEmRistin
S YRR ARE—RBT 45, RS, RIDER, BREteR T EEsm;

(5) HRHRILR, BIERZEGK SPEMOATRERE, XARIIERIER
AN, BEBHARR, TRIERSIVOTIRER

(6) AT 5RALSEmIER, LR EABUE.
13.1  &msembl &K

EYEmMEE EESANTRE: PHENLEE. YEEXSHEEREGENMI
ik, ERRAERES. HYMRERESALENRES, MR RIS BT,
WEEEETRLE, BORENBEARRBE: BREEAANOARR, XA7shREL
% WA, EYBELENBIERFRES: ¥R BT AEEYEmNE
Bk, ‘
132 BREHEEMEHEIK

BTERMEFREHRERBANER, FHTEDH. HFRIzMESEH
HM=MEHESER, EFIH NaOH. KOH %R iE ARAF, % FBAF T4 ysemH
R RRNY, FERECENER TR &EDED. RENHETEIEARE
Wik, EYIEBENE. Bl R FRERNEE.

6
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1.3.2.1 BfEE

R ARA R SRR BRI R N R R IATT R Y, EHEFEET, WHEENRMKE
BBATEUNGELNET, RESRKFERERR (4 100) . #eR0F DTN
EREX R L RENERINS, RERLRNRED, FRtEETEEE. BiR
FERNBEREATCERR. S8, SUE. PEER. PEER. BREXAETIR
RiE%. ARSI ZNERERARNEEESR.

1 /RN R

B/ RmAIRY, 5PRSRKERNEEEYER, FERANEDER
SRR HTHE, BRASETANEERE, BEZEAERIIS BHX
g, RIEEme B ER M g (B 1-1) BT, HE/Rub. B/RIARD BRAE
R REIN RS 3k 20.00 35 /B%. 40.00 %53 /BEH 42.50 £53/85, BIRTAEDEH
T & ERRREH KT (44.07 29 /B5) FUSHISNFH (54.57 £40/8), MR
Bk, B, RBEMOEERBAER, THRBIERRRE, REEDEH
mHESF .

Setsuo S % A2 120°C-150°C Y R BAR A AL, 76 R FE R N4 KA IS /R ol &5 9P
BI7E 140CTRE RN, BRI 4 BR & AHEEZ K (0.01-10mmHg) IR K 2 . Siddharth
G. C.% A7 Marda S™V53 BILIKBERE . ZBEEON LA, HEKAS/RMS FEETHE
feBstk, BERIEER OK) MENER (ZBZED MARIRNAT, FE2IREDR
RRE SRR FEAE: WTEIERNREDER, WELY 2mmHg 2B MREE R
%78, Demirbas A. % $§EEMfE MBRALIEALA), AP5em 5 /RMIbRS M2 E, BT
BAYME 5%NaOH HIR L.

2) BIRuhNR TR A R

BRMEHRES TR, EMREEURFENSG TRK, B2TFEEM. K. T#
LERBEYLEM. Altparmak D 2 AP ER HoSO, AL, HI&FA KM EN 14214
FEN 590 AxHEMAEYISEm: K5 RLsmZARLLERRM, ARATEMARIL. &
RIEIETTT, WYL A L T34 SR 6.1%F1 5.9%, CO A1 NOx HESE AR
I 38.9%F01 30%. Kurzin AVENPRATHRMIHE, HHE5THE. ZEARRE
REEOELERIL, FTAMBLTASHR. MPEHR. SUENETFIRNIE, =YkRiE
s mE AL, ABIRIRFT AR EN 14214 #RHE.
1.3.2.2 EYEsEALE
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YRR ERISIETES, RSN P s DR A4 SRR Rn RS, AR R BRI
2, EEMR. RE—, FIKEPRELKR. BUSEHRY, BRMEMFRM,
T AR 5 R B R b A A S e A P E EL AL a

Setsuo S % APBILL 20-60°C #1E 2 4L RSB Novozym® CaLB NEALH, HHIE /R ity
AAEGHE. CERN, FANSEREIBEZTE (0.01-10mmHg) MBBEARS. H
T RRELAY B MRER R RN, FEHBEAIEERKNFERE, HALER
M LRI B RIE, FLL Setsuo S FAME A MRRTES AT M REILES, $3E/Rii 5 R
BIRRELR 10: 1, TRTEREMER 10: 7.5. FRBRHBELEEENS—NEE,
RIEMBREBRULSET K IMFE. BAKS RS ERREBHRE RAEHEERFAE
B e AR BB A2 5 N6 . Setsuo S 28 N FIRIFSE 2 7 FR B 2 A B R B 0 77 0k
IR I
1.3.2.3 BIEREEE

i FRERELYREENENETHER 2, 2RHN TR @H—FEE -
ELAEXEBENYE, EERKR, SWEHEN, THEXREETSE. RARYH
0O, FEMBIEARE (T.=240 C, P.=8.1MPa) H 7 FHEAT#e & BEAE Ak [ I O 4T
X FREMREDEEEL, Bi5FPRAERNNMREE EAFHEMACY, RN
BT 1 1-6h 455 E 240s, FrAMRNRITSBELNIENR PR, ~RiEEE ASTM
D6751-03 brttE, AFEEEUFIERMBEEMRMFHEAE. 55, RiEFEE, HAKE,
MZE, 1-W8, 1-THR, EZ 1-FEHTUATEDEmNFIE,

RIS F R SRR BIE S, RE ik FRER RETRETH
EERREOME, BEFEORE. GAGEMMaEHCY, FRkR P EmNT
MR, NSRS ERERE (Hh=8) MRERN. A4, BLRNEE, &
KA E BB 0.5%, NIELEHEEE 90%LL TP, {HK47E T.=270C. P, =10MPa i,
RFTEMERRE, FHTFREHH h=EK R R, MR AP it 2 5
B, BEERHEAKSFESA TERNEE.

BT, ROBFHBRABARFERMBEEDEM. Taylor S. LEVEREHE LR
RN R BB A R LA R, R LB RN, B TR
HFE. BRVIRPAHEGRTRER ELFRENENRAY THTERMBS I, T
JEHI B LY. Baboock R. EPVEHFRAM S, LAIE/Rib. SS/RMARBRAING RS K
Fr, SRS PRRN, BhHE&EEDSl, FPRTER, N, BimkSEnEy

8
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SR R BRGEM. R, WAREEERINEY SRR ITEN, K
. DU R A R A YL E R K, BRRER A MR ERIERE ASTM
D6751 Frt. '
1.3.2.4 HfbhE

RaAb 5B 336 & £ Mrsemime — f Ak RN, HARE RN T XBEEY e &
WEAFIBL A B INE KT = F g AR .0 (CANMET) 5 & K Saskatchewan
PRFTBATIRAT, BB 00 SRR H /R 51 %& AR H SuperCetane H97= 1Y,

Liu D.D.% AP R T NS AL, YT HEMRES BN 82%, BAM
AEEHET 25C; WEARMZE, LEMREE B 82%ME 13%, B AMAIERS) A
BEF-12CR-11C, THARENAT 74, BROZ S A B REFHRBHSMA S
MMEAHRETARE fiLAE BHNIKERE. Wong AP /RIMZE EILELL,
$1% AR BB AL Robert C.POMEF =4 Ni-Mo 3 Co-Mo KBk TK-555.
C-424 1 C-448 fEHMALT, BHEANDZETREEE. RENEMNAKES, M=
WER, +AKER. S/REMRLEREW; FIRERTE TR KK
MEMHATRE, tARERNELNE=YNE e miEE, MEHERE. KRS
RRU, BREMERTUMENFISREBASENEFEEY, ARBNBES=REE,
REE IS0OCHRASTEMMELHT.

Keskin A. 210 2 /R A B RE 1T 55 NiO 0 MnO, 1Y, B 2 RL I & B EAMRELBIA, -
FFLL Sumoll A1 12pmol/l HIEBAMEIEH 60%5E /R AEYISIMA 40% 5 i 918 A0 il
(TE60) . BAMEN, BMEEAIMEBIFIN BV LM SR, % TE6O
HEATREGESHEMARTL, BTEREZE, TRINEREREBIFIK TEO HEE
#0 6.0%, RALBEEBHBFMMATH TRIEBHEOAE. AN, £BRMEBMEN
A BY T B0 s i SR HER, CO HERUE A BE 23 7 BRI T 64.28%70130.91%,
NOx KRR B AT 24.36%. Keskin A S HEHIE T & Mg-Mo Z /R B RAMRH
B, RBER MBS KAy LA R. HARSE, ZAARB ARILIETH
BEHENRT, BRSHEREATAINE, CO HEMBEMREESNRIKT 56.42%7
30.43%, NOx 1 CO, Hf( & th A HAE.
133 EMLhbEAEMNRS

B BA E P H & EML SR BT (R 12 Fi), ARAAR&ETT
BTN RIS REGRMYT, EYEMRETTHETEASMENE. B
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L. EVBBEILE. BiER FRENNEES.

R 1-2 EWRMEE TR

Tab.1-2 Pros and cons of various biodiesel production methods

BT R AR
BB o CHJ EMNMA. iEE ATHTHERSE
o K. KE )RS
o BRARNEE (Hi R RSl
=ZEARED) FER=YH W, ™
o BRIRHEAR Y5> B A
BURFFH. B
ML o OH EMH. X K R mBeK
o K. FE KEEAERX
o RERMIE BRI CH ol
FEmT A RED =EAERD
o YIBA, TREY EUFFFA. B
5 R R &
YR ELIE o K. KIE BAK RN (7]
o WEMRRIRAH M= EYIBES B 5t
B ml 4 SR EVIBR 5 R
o YIRL, ETRIFY mRZALE, I’
o BRHKEAE E-$01
Bl 5 B o IFERERTEANH = T EB R R MR A
S8 AT 4E b ok RS, BEFER
o LT Bt
o KGEWMAK T Bl 57 e B B A
o FUBEHNE ER%
o BRI IE seHED
JIIERGS o WEMRRTRAH = o BB R R A
= e w4k A R ek RMES, BEFEX
o CHIEETT TE RN FRT
EUFA T PERR

LA E
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1.4 FABFREIMRIK
FEEEFEART, ARRZBEERKREN, BUEERBMBKES, URTFHK
KRR AR K, R BhATk L IR £ B R BRI E SRR A R . B aT,
[ 56 F B 4K 3 BB RV B A HA B R BB FRC R0 R 2 B ARSI (AKD 1 ASAD . H P, AKD
N ASA FEMRNEK, ARBEHE, RERAERSER, KETH, RAREEH
B, BRERERTARNER, ERRRERRERN FAER, HEREORGNE
RIVRRAIBERSIEH:; AKD 54%RNEE, B5HIHE. EBREEZEE,
ASA BEKBRYUE, FERAMBEFRBEALRBEN. LarRkERRFEHUEAMSF
BhE, WERFIBRARREXZIERNMEER, H&BE0AERIERATZS
ERREFR A,
e YRR B A KR 2 R A LA T 45 81,
(1 BAGKER, WkEFHEADT 16 MIEBKE;
(2) HERFUERR R REREF B K T+, LR 28
(3) EPLKAES, HRAVALRERFEREN, FEEKMTISNAENHTH
REEM,
() HRAEDRIBPLAERMEEEATE L, REAKRK;
(5) MkTHRE, HERAFUS FRSRTFHE RS AEKKNIRE, FRKEAHRA
4, Bk H RS L
(6) BMERASFERUNEILMMER, SEKFELRENEE.
BREASESFRENENR. RERIEESERY, JERNIELEHENEEHR
KER: BERMETHNSE. HBERUIBEAGTE: ERMPIRERRIEEX
BN RGN, WREE, FEPREAFHAEN: PRN, MAKREBENEES
MBS & RAHE FHEREEST, RREFBHEEAERE; THENR, BENSHE
RIEHBHIK G BERSAERENZRRN, RELKSReNNIE, FIAGREER
HEFN, ZMKEEETFRENERNAELEERREEY, BNARNES, EH&
B TR, MRS EEERETRNIELES, BRRNES. Bit, AE®
LM, EEURIAT RPN SRR B RN, B 4 I A S
B 1807 SE4RF (lllig) BAKNERMAN—EA FEKERZ G, ERITVHEK
WU R EMFERFER S OII12 ), ERAB MR & R AR AT 1L BB,

1
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WEBESTRE, HNGEE, B2 RECGEEKNEDRNGEE, 240,
WERERAZT T 2UHERHR. SRAHRR BB 72 Bt B 5770 B B F 4> B e 7 2%
I TH

BEl, EFFLKKERNEhRERST/FHEEE, MEFRRAELEEFAENIE
B, REDENEZSHETHA%ESE, BATROHMBMEBNEN, AILIRT/H
PR . PR FrBURR 20 42 80 ERFHBEEN—KARAFT RN, EEHTHHLA
. BATIMEE T RS MR AN TR B T A DA T R TR ERTR b/Rbt
HfH . RARRMUNF=RE 27, —FREBH T HITA LM HI-PHASE35, H—
FRUBATE)IMLE T kX SH R R A IR BT A T SRR DR F BRI
WA MERORETFURREES 3 Mk METAMAILE BSHETL
TR,
141 MBEFIAERFLE

PR 7 IARIA AL R IRE S T F AR A B AT, BRI REHE ERT.
B FRMB TN BERNS, HEFRETREFHEFALN. FREHL
—HFEETFAARBRESBRE, —RESHAMRNSBANREERH. BEg 5
FECBILRARIRFBLMN, TEEIMAERIHE THEFLERER. ik
EGE T MHEETRYENMN, EBERS) FREFUNNER ENNERAE/
RIS HEER, AR TR FREFEF M EBEXKRE. ZHE
U2 \SB it & T FCPH B T ROLAL, ARl o 4% o — s A P 1 2 40 R 5 A B )
HPCRZ, ZABAFBRMIERY, ILBOERFHIREA 0.567um, EHRREAEN
1.0%, THAMBYHI, MR R 1.0%, MG K 10°C, pH {E4 514 6.0 #1 5.0 B, Stockigt
MR 27 A 53s 7 67s0 FhICHUTRA BRIRFHEFIA, AWMBENRENE
HE BB FRE TR, RREEATRZE. IARRESFERRR- TR
FRREL— B R E SRS R DT, £ BIIE U R P T 2 B B
(SYM-DAFE MU F A HMBRBRFIOYM-1), FH BT ENIRRRL: 8.
142 BEMRABTFLE

MARERERRENNREAANHEFNAGER, ENRFITLIAHETF
&, BEIMETERA. R ERSH O, 7 U AR AP 3T 445851 Diels-Alder
RMFERMEE TR, ZRESEHEME TR . RN ERILEN A
RUA_RRE_FREZENGER. SREZFREALE. ZBRE PRI, &

12
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TESPHENE. 3-BTHBEE2-BRESFERIES ., THAYSIHHHIF KK CR87
57" 5(CR872. CR876)R—F2H i B & FHEF RN FILBHA, TRAAAFIML &
#l, BAEEREHYR. BERHSSHALRE. HEFRERLEMD0CHRKIAT
BNA] AR A B, RHREE SCTHRETHITURER, &4 TEZE “H
BRI, &FLK, BITRGEREMTER. KTER0.1pm UT, EFAZTRE,
BeiE 1 FUE.
143 #EE

HEREREREFHIEMERNER L, HREEFULRFNSAEFIBRERER
FABFAENER. BREFHENHEBEFIBNERAATEE: ETOEMER. &
HEFLARAEER. BEEAT, UHETEREBREK. METFEn. BBE-RX
WG, BRE-RAEWE. TRERE-REEWE. BN ERE-RABMEFE N
BFRA, HEAENBEERERE. HiEn. ReRLESHRETIELER
BT

MR EEAREFILR T M E TR, &TFRBARERBERRER, AR
BRI ARG, BEEYRIHE TR SORY, ABEERNHETL
WRAS SR NS TR, Eit, #UREEARSFARPIMARER, BEFNE
BREMUM FRHEFLROM UG EEEY, EANRERNRENEFARIME ALK
PR, FEABEFHERENHEEFEERAGRERE. KERRE RS SR
S HAETFABNER, SRTEEFEEHGTREAS/BERR, FARENE R
BEAEK. 2ZHES% AR 850K T 05 T AR R R SR e 1 B & 4L,
SR AT ) & Pk AR B OBH B T2 BOA B X CRZ. 2003 4, EETFA LR T#5EH Yong
Zou, Hsieh Z AP ARMMEREAHEHAARR, RERUESRERETRRSL
BEATELERLE, sHFRER B FREMIER) MdaiEm B
IR R IR B2 F AN RBAER, K7KE Cobb {& (Cobb value) F%% K{E (Wicking
value) A AR HRE. BdAETRELEENRTENLBEYHHERHN, BAF
ARETFHRFMRAFER, XATESLCHEEE—FHONETELHEE TR,
Yahya Hamzeh 2% APV LR WP ST a0 LT RS, RARUBEHRETR A LR
SCERR /A RS, T E SRR A R A A B E AR, LT
BHEMTEHEE, BRUMSKESAPCSRNER, BAAMBSENRERZR
ETRAMEN, BHEEHHETFREREE RN REERFHA R, RY

13
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REFUBENERET RN, RAKESEHEHREFRRR. BEEHAEAAS,
ALEF S FURAEER—FIRER, MIEHREANHETAARIIE.
1.5 HREMFEBRRLROE
151 WMREHRRAR

ABRE B iF B IHS RT— RIS, FEEYERER TS/
BB NEETHER, ATSREE/RHNES. BARBSFIINERE.
HALZmAE 1-4 FiR:

> EYIER > B, RIE
A
. 404
¥R SR & B
AR BHEZEE (TOFA)
(CTO)
KR M By
(TORA) B, R
LRI t
HETKL
A E
> BT M F R
B 1-4 TEHREHE
Fig.1-4 Route map of research
RBTHRATALRE:

(1) EHRUHSE/RMN &L, STEAeRME, #UNAE. FEHEE.
ROE A RMEEEEETE, R RE TR, o4

(2) FABRMHTRERE, HEHEREIDR (BEXTFH. B/RMEHRMERE
Rifl, GiRRSE/RMAERTRR TOFA), FEBFEESRILERT, MABARETEL
RRLBI & EY o HTHEATIER). B, RUARAESHEIE, RN
Wi R RERATR AT, ELRAEM E, BUMNKSNFEEY, TR
B

14
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3

1.5.2
(D

(2)

(3)
(4)

DURLEE /RWBAIA B 1 TOFA FEROREBE SR (B EB/RMRERIE/RMHE, 4
FRIE/RME A TORA) HER, BRI, L. BEETFUERTIRMHERE
FHERH: FAARGR, AT, BRARE. BRETASHETLE, ¥
ST AR, 2T HAENE,

HURRR K ) RE

DU /R b B B & A s g 2 o, BEREURINRE A RETZEMHR
s

BAENES R E GREL &L, FiTERENEYELGEHE R, B
SNIE N FRER, R NALEET T

AR AL RE. REMMBITEHHE;

BB FHITESRAMBEE, KIHBIRHE T,

15
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FTE RERATFEYEH

213l

MR R EEDER, FERFAERBASFHRBREYR, EEAFIER
T, SEBERLHERERITREER. RNIRTEASR (1D:

catalyst
R-COOH+ CH; -OH —=R-COOCH;+H,0 n

3, R-COOH: H/RimmmMitns, FEXNE/RMAENE: R-COOCH;: MMM
FEFE (Biodiesel)

HTHERMAN SHEWRARER, 55REELARERRNBLRN, EIER
‘EE%W@%&;E%ﬁﬁk&%ﬁ&%%m%ﬁ\ﬁ%ﬁ%ﬁﬁ%ﬁﬁﬁ?ﬁﬁ.%%
HEEK, EAABRERFEE: MEEAFREEFEREHE, LEEOTHESL
HHZERAE, QAT ABERENEEDTIE L. REAE, EHUE/RENER
THRRIREY M, TEKENERMER AR, RE GRS PR,

2.2 KEHa

22.1 LR
£2-1 FERK. MEE K

Tab. 2-1 Main raw materials, specifications and manufacturers

AR ki P X
IRl T FLRLBHERAR
UL STt . BAREMLERAFRAF
AAAR : et RETRFZAERHA
xof B KT L RETRRUERFA
NEBA ST HAERLERERAH
WRER P EAEALEANFRA H

PR Pt BEAERLERFERAF

222 FEEERSIE
BHRE (EMEEERARAF); BFKE (LEEFTHENSERAT); KK

16
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FHEFHAR (SETEENEERAR); RARETZR (LBRZR) ) SHANE
i (B8 GR3500, Ky k) fANBMy (8BS SX2—25—12, L#SLRAH)
223 BIEIZ

¥R PR AEBARBARE—E LIRS, BATERRS. HREN
B 500ml ZOFS, MARRERE, FHTH RN, ERRENERE B
SRS A S B B B, 1 K B E 65°C-90°C ] [EIHL: BIRYE-&YEE 10mmHg K
TR, B0CEABITRERE, 2BEEIMERSYREAEDEH. RETZRED

E 2'1 ﬁffﬁo

Gl S

A

g

WA r

HER+A
LUk

224 Haath

65C

224.1 HUERE

LR (%)=

A

E2-1 TERER

Fig.2-1 Process flow diagram of biodiesel

RREEEYRE - RN ERSYRE

10mmHg 250C

RMAIREYRIE

(BE €/ Bk 5 BE KR GB5530-85)

2242 FEPRERNE

225 FEYIREREES T
mFHEERRRL SR EDsemir, BATYRIRENRESBARM &
HXEREE (BERE 2-3).

23 R 5i1E

a5 (o WERETR

x100%

/R R

Sk

x100%
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231 EETRIFIR

ERHERBUENRT, #TEHRERUNNRL. FmENREELIEST
B GRERRD. BRHIR (FALH). Bl IFEERIAEER) SREEDR. &
B, WRBAEZNREELA, RERRENET . MEEEMELRREIE A, B
SRR EREZICRETFHNS T BFRETFE, SASSTRER, EdHZS
FRRMH BN ERETERREVRRIELEY, TEFTRKBENER
HRERER.

Yield(%)

Catalysts

Bl2-2 REMENFIMEDEHEER
Fig.2-2 Yield of biodiesel on different catalysts
a: WM b: FMEE; o FEBM; d: XPERHER
(RBEZAF: 100g H/RM: 75g FBE; 2.4 EALH; 120min; 65°C)

22 AREMELFIGAEYEBEE. bR 22 T8, KEROECKEHERTH
AT, BERTIE 46.5%, M HRRBERIOELRRKZ, BEFERANTIENELED
BZE. 5 Kurzin AVEARRRLERAMUD, Rk, Sa0H, GAKRRKRAEDRLEL
il
232 BREIZEHMML

FH Ly (3H) EXTH#, WRMEIE. RGEE. AR EENFERENA FEHE
BIR M SR L B T2 &L EXRET RERILE 22, MREMTR
EA1R, ZWEFRTAEAFAE> RN E>RNYEE>FRHAE, ELNEEYW
BEABE, RNNEMRMNEEZWHAY, FEARZNEEOEZRED.

18
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R 22 EXRRERE T
Tab.2-2 Orthogonal test result and analysis

eSS H#E BE (%
it &) (min) #E (C) BUFHE ) FRER %)

1 1 (60) 1 (60) 1 (1.2) 1 (55) 12.00
2 1 (60) 2 (65 2 (1.8) 2 (75 40.07
3 1 (60) 3 (70) 3 (24) 3 (95 58.70
4 2 (90) 1 (60) 2 (1.8 3 (95 29.90
5 2 (90) 2 (65) 324 1 (55) 48.60
6 2 (90) 3 (70) 1(2) 2 (75 42.77
7 3 (120) 1 (60D 324 2 (75 58.23
8 3 (120) 2 (65) 1 (1.2) 30959 54.34
9 3 (120) 3 (70) 2 (1.3) 1 (55) 44.03
kl 36.923 33.377 36.370 34.877
k2 40.423 47.670 38.000 47.023
k3 52.200 48.500 55.177 47.647

R 15.277 15.123 18.807 12.770
233 BERBEHMZESH '

B 2-3 PENMEROBMBENTE, 1) LRNEESH 60CREET 65CH, BEH
fEzRm: #—FARENC, ABXEHNERE, BAFETRNBREATELE—PR
Ho B, BEIEER 65C, MRFFEABRES, MRNEFH. 2) FEAENEERN
FRELNTRNERE, #iet, REFPRAETES KNSR T NET, BEARER
KL 95%Kf, HARE TS, & FEEA. REHRFLFNASE, PR
EEHR 15%. 3) RN EFMELNHENBRKPmERHAL, BEEE RN EmEL
FIAERR, SEUBZRE, FeRARNER. BEEEREN, WEDRERE,
BoRESTTa, EARRENRNEENGRMOZRER. B, SRXEERE
1T BT
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54 - 50 -
524 48 |
50 . 46 4
48 44 ]
2464 421
5 4 a0
> ] e
364
3 34
» _ nl : — .
60 70 80 90 100 110 120 60 62 64 66 68
56 Time (min) 50 Temperature {T)
54 - 48]
] 46|
44
42]
40 4
38
36 -
34]
12 14 16 18 20 22 24 50 6 70 8 90 100
Catalyst dos age (%) Methanol dosage (%)

Ei2-3 BRI 2k

Fig.2-3 Factor effective curve
234 MR E) 3 EE(LEE (LR AF M .
100 .
10}
001530 45 60 75 90 105120135150 165180
Time( min)
T Eo4 REHEAMBELENEE

Conversion{ %)

Fig. 2-4 Effect of reaction time to esterification conversion

CRBE4&AE: 100g BE/Rh; 75g FAE; 24g fE4bF; 65TC)

B 2-4 AT40, ZEFFEGEY 30min B, HEARET 50%; HUHEZEKZE 120min B, 4
MEEMEEEATIX 96%, ABEEN BIME—FSMKE 165min, BLELTHERE, RND

20
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EEEBRERE. Bk, 120min f5K R A 22 0] LB BRI,
235 EAFBENELELENEM

HE 2-5 740, KAET 75min, EAFIEERHELEEREKR, BEECAHENR
B, BURMEZIRE. RNE 120min, ERAREN 1.8%0, HUEEAEEE 90%;
2.4%F0 30%ELFFE, HURHREE 96%, EURAREWRS. NELEAE,
24%(E TR RNER, 8 3.0%0ELFFAE, REEE 45min, FELREFTE 85%, H
ARG RNE. REEER, HUNHELER 3.0%,

100
TRt —s
90 [ ,.:z;’,A—~A—A-_-A
) s AT
- e,

80 / /;A
= /S 7 ~e-3.0%
w2 e 2.4%
5 sof /-/// —a—1.8%
f 40F o /‘
o /
> 30t/ A/
g 7

10 p

0075730 45 60 75 90 105120135150 165180
Time( min)
E2-5 A Ex B LR
Fig. 2-5 Effect of catalyst dosage to esterification conversion

(KR 4A: 100g38/RiM: 75¢F®E; 65C)

g LR, FIRRERRCEE /R, $I&EPEMNRETZEMR: BUAHE
3.0%, RATIE] 120min, RAVEME 65C, FEME 75%.
236 FAEBUERE

BTFREAYEmTIESRE, EVEnOHXERFERCHE, BRREAE
R RN B, MR EAE, REAXORLRMFEETRE, FERREDE
WA OF s MOFR AR AT I L. AR FUIBRR AR 2-3 B

MBI ZE R4, FIRRE /R E & R, BIHERK, WARIK, AR
IREFHA & X EMBRMA YIS IEIR. T TS /RN S HENERANERERUS
M RNMRAY, KEERERAERERES BB RAEYERT, ERT ™Y
EHMET K R, EPTEEAE LT lARRNE/R I RERE ST, E8
WA RARHE, RRAIE/R IR N ARXR A FL T AR AN, XERF

21
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ERNEE ERET MR, BRE-YRLTES R ER. BPRITKRE
RIBIKRIRBEAURE, B—PREFYRR, FEASHHEE S HIFREE 0850
gem'H 6.0 mms, FYHEMBERHRAG; H—TTHRRHB/RBETRLE,
HERD T RO RMIENR, BAARSEEDES, THRIAFH KL BRAT.

R2-3 EPLEMAIRFRERR LR

Tab. 2-3 Properties of biodiesel compared with international standards

TR i EENFE x4 WA i
(g/em®, 15C)  (mm¥s, 40°C) (%) (C) (kl/g)
o, L) 7y GB/T GB/T GB 508-85 GB/T261-83 GB/T 384-81
1884-2000 265-88
23 0.900 8.0 001 90 4424
#[E ASTM 6751-03 0.875-0.90 1.9-6.0 <0.02 >130 —_
Rk 0.86-0.90 3.5-5.0 <0.02 >120 —
EN 14214
0*sem 0.820-0.860 3.0-8.0 <0.01 >55 4339
(20C) (20°C)
2.4 NG
(1) DUHB/RAER, ATHMBREEDLEMNHIREA, BELTZESHMTIE
IR B = 2 5F B D AELR)

(2) WERMBLEARR AT X PR EREERARLE, FYBETE 46.5%,
T AE S HEL B IR oo ) % A Ay S e B AL VA6 R 5

3) TZHMFOMUITRE: FRENBEOZWHSRFEIAELFAES RN
B> RNERE>FEAR: BETZ4MHNELTAER3.0% R 120min.
BE65C, FEAE 75%;

(4) FHRFEMSFTERER: =YFEaPE CRmMmEX R, THEILERME
Hi; BEEEZHREE . N %G B T AR IR HiA B E . RS miznvE,
B A BB SR

22
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$=F ERMEMERS &EYSH

31318
BT MR R IERE A Y R RS, WRA LRESYM . W

O REEATIRES B, BERH R R (TOFA), FIRIHAEN R G YR

i B

WML RR, HUER, EREAGHELH, REREUSFNIE, &
S, k. TR RREEELERE, BEEXRENTLBKFSEGSR. R,
REMASBMEE, RESETSEIGREME. B, BUHFIEILENRIR
B, BHRESENNE, TRLEFTE, BSRERARMEESAELERINESR
FA: R, BERNRBCLATERAR, HRTRERMREEM, 8% TR
EHETR. B ARERKEIR, HHEARELT, FFRIFONAKR.

EhRESHE TN RSN ISR MR, SRR FEINEER. ME

W, BT e R R AL AL TR ARTLIR S, B T AL S R By e

R, BFLEREERNERNT, REMEREEWIRERK, XANTRNYSHEL
WAL, HRNAMERMUTROMRNAR. Hit, BFmiEreetan
FRA TN BIIHA RS EEGRARZ I, Sk RRIEMREFRIHRM IS L
il

BT RABFRER S EAELR, SBBANRNERBB-BIEREZN
BRI R. MABERESZUER, THBRR SRR EEAEYRnRE.
AR EAERES R T, BERELE/RMENREHEEMRRO TS, #
BAANE N FERA T 24 IR L.

23




BERKKFE2010ELE AR

3.2 REEHS
3.21 ZREH
%31 FEREH. IR X

Fig.3-1 Main raw materials, specifications and manufacturers

R Wik &K
AILIRRRME R 245 P F Bt i NKC-9 & BRRERI |
SRR TR g SXC-9 & ZH=EMERBEHERAT
SRR P B T A ELTIRE2 S ZH=ERERBEERAR
K CaCly e EAZALEARERAR
NaHCO; kit HAEHALERFIFTRAE
95%Z. M Kt BEHRALEZARERAF

322 EWGERSHIE
BB R £ 2% (DSAS0-GL,-2.0L &, Th: 50W, % 40KHz); B T 1% (DZF-6020
B, LEBRNBHEERLAF): BRERBHE (FHNELHEFRAT); BFRT
(EERERENBERAR): BEYNEHBRAR (SENELUBERAT): kA
| REFR (LBEFFE)
| SHEEN (B5 6820GC1180A, RERFERRFLFRAR): EHAMEN (BT
GR3500, KU #lE): FAXmMES (B85 SX2—25—12, LEEREH)
323 BERMERHEMNE

ol ¥ E 2 AR R A T

BI3-1 BEAREEE

Fig.3-1 Equipment for vacuum distillation
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KR REMAERARAREZER &S (WA 3-1 FizR), g 250°C-2607CHH,
# 10mmHg EZETHTREXE, SARBAYR (BELTH. BRUMEHR. &
TSR, SRR /RMAERTER TOFA); BIRIA N HIE/RME Y (TORA), 1FHHIEM
ERw i) e
324 fERImLLE

B BERMEMETIRRIEAEETKREBYE, REH 4-5%HMRHRRA 2h,
EBFAMLEE K pH EH 6-7; B 4-5%NaOH BFHIM G 2h, ZHFAMHEZHAK pH
X 8-9; BRER LRI, L8, BT, BRERATERFTER.

325 ERiLSHEH

B E BN ETIHM R TOFA 5RENREET, 2BENTEHAHENE
RRENSOEE, #BEREETEAERERT, HARESENA, BREZHIE 65C,
FHRANRAGHBBERRES. FRNUZRE, BRETFIRMENESBTIH, F
KBEWBAN BRI BRE, WEBRBRBIFEEED .

A e R B A NaHCO; BBUKSEEZ pH & 7, UREFKMAARE, @dE
ZH 10mmHg HREREREE 190CTHE, BREACKHHEDEMH.

326 @A

TR RS, SARE N 7SR FATH, BSR4 RME. TOFA H4RER (2)
wHH.

L2 (%)— S S 100% )

0
So R R FFIAHIB A RMRME; SO RIZE e R R -A R E
327 FEYRRERSH

BT EE R ELE DS, B =Y RRR A KRS A~ &
HEMBERFE (AERE 3-6). FYFEE. BHHE. KOMRESKEANNERRE
BATH
328 FYSHAGIESH _

%A SE-54 BB E K (0.25mm*250mmx60m), FID M2, FJ22000 Windows (F
) T, FRABF M THE: HEYIE 80°C, f#% 0min , UL 5°C/min 7 2 140C,
Yt% 12min, REELL 2.5°C/ min FE 240°C, #4F 10min. ORI REE D5 A

260C. 280 C.
25
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33ZR5i1E
33.1 BRESHEL TR T
%32 B FRHM IS5

Tab.3-2 Characteristics of cation-exchang resins

NKC-9 i 2 5 SXC-9

SR L1 SHk= LN i SHERRFA SR A IR
‘ BREH Styrene-DVB Styrene-DVB Styrene-DVB
\ ThaeE -SO:H -SO;H -SO;H

IR HE Na # HE
THEER > 4.7 (F, mmol/g) 2.35 (mmol/g) 4.7 (F, mmol/g)
EKE % <10 39.0-42.0 <10

BHULLLE gml  0.70-0.80 0.80-0.88 0.65-0.75
BHEWE gml  1.20-1.30 1.25-1.35 —
\ FE  mm 0.40-125 0.315-1.25 0.40-1.25

FEMS 2 LARR R BH 3 1 AT 4 e O LA HEAL IR b, PR RY 50T KA et
FEtEletERe (A0 3-2) BATHE, FERERRRIEMEFHME.

|
|
|
‘ 100
90 = NKC-9
80} -« Catalyst-2
9 70t —— SXC-9
e 60
0o 50}
£ a0l
Z 30l ” ey
[=] oo
QO 20+
‘ 10}
‘ o e 4 1 " n I
| 0o 1 2 3 4 5 6
Time (h)
Bl3-2 e KB LR W

Fig.3-2 Effect of catalyst style on the rate of esterification reaction
GBREERES: BMAERL: 75 1; BE: 65C; #AFAE: 30%)

B 3-2 AIF, NKC-9 HHELBRELE, SXC9 mTHAFIME 2 5. RIE=Frfk
FIRIPERELLE (R 3-2), BEMLFIMIE 2 STRRBTREN A KEMERNTHRAE B
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e AR RS, 1 NKC-9 f1 SXC-9 B THRIARMMELN, KERTHREGT K&
RET S EREEN,. Eik, %% NKC-9 1ENFBES TOFA KN # R BIAMALHA .
332 BEREHNEN

100
90+ —=— with Ultrasonic
80+ —e— without Ultrasonic
70+
60
50
40
30

20}

wi///

%2 "3 4 5 6
Time (h)

Bi3-3 A BB AL E AW

Fig.3-3 Effect of the presence of ultrasonic on the rate of esterification reaction

- .

~T T
N

Conversion (%)

S T RAFAR S ARG R N0, 7648 ) A9 RE AR /K b (2R TOFA /R LA 10:
D). BAAFE (NKC-9 FIE % TOFA B 30%) MIRMERRE (65C) AHT, Wakmg %
R RT A A RIEN &4 T, TOFA HLEBER MELIER (W 3-3). HE 3-3
A RAN, EEANEALEEREN YIRS TOFA #itE, H7E 4h FrEHBERR
&3 68%, ®mTLABERKBES 6h 1 HEFIN 63%. BAEKBHNRNERNRE, B
REBETEERERNYNRROZWAR. BERERNRTIES, SBTZHRITY
B RS K. REEHR, X-AERETEHERFRERRNIR. SHRHAR
B, ZERRATE I RIS LI A B AR/ N P, 724 S000K LA LY EAIRL) 5X107Pa
MR, BEAERE 105K, HAE4 IR FU b R BA 400km HISHA'™, SR
EEABENRBITUEE—A “URNE”. XMRAREREN “BRNE" mET
FIREA TOFA MIBSALIER . BAARINEM LS TOFA Bo8kAl, fE78 TOFA RRAIK
HEASRTL, BREEFRTHEESOEDN, PEENASBREFRGNR, %
TRTFHY, HHK BERET, MREHRTE. NERAE, SEKENER0IRE
BT ERALR R, 4% N (A
333 EHERILAE

KIEN R B RET FRIRE, FEERYRNERARIE, HFERNEZS
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BRI, MR T RNRE, EtARPERERAOBIRE, HBRBRLRNEIEN R
#1T. B34 R T EBEREH M T, FRKFEF TOFA B/RE (3: 1. 5: 1, 7.5
[ #110: 1), Xf TOFA FALZ BN [MARLKIELME (NKC-9 FIE % TOFA ¥ 30%, KRIHEE
A65°C). HE 3-4 AR, 7ERRCAIAT 1h /9, FEEA TOFA MR HLENERAK,
BA R N AT R AR T TOFA R BEHE, ARBRERENTFERE. ARNIEH
RIS, BEmtbA MBS, 7.5: 1/ 10: 1 HGIE BB RRE. Tk
RFMER BRI, BEENAEK, KABNPRERENE, SRTHEIRETRE,
Fb PR T ZRME R, NIRRT REEEMSLERE, W T EWEmNER;
BEmEE/R LR ME] 7.5: 1 0, PRAERAZHERNTR, K2ENFBELXERSH
HISTERARUEmAEYEMER: BREE—SREE 10: 15, BREEHRMNE
HREAREE, 7.5 1 OB BB,

110

100 - 1:3
- 1:5
- 1:7.5

90|
80|
70}
60|
50|
40}
30}
20} %
10}/
o

Conversion (%)

Time (h)
13-4 i BE /R LEXT R AL R AR M

Fig.3-4 Effect of molar ratio on the rate of esterification reaction

334  BRAKFIRY M

WREEAL R YRR, 1mol JERTEER Imol B R N4 AL 1mol EHBEASHD 1mol K,
RIF=YIK IR R R R LR OVR B, PRARARAL R RIE R, MM TOFA L3
FEAC MR Bk, it TEAR I &M T GBAESES: NKC-9 FIE % TOFA i 30%;
FRBZAI TOFA BE/RIE A 10: 1; 65°C), Bi/KFIRE TOFA kR mm (Il 3-5). EEE
7K CaClo fE A MK, 1P 3-5 A4, BEE LK CaCly BIINA, ML 0.5h fFiAF) 50%
MR, BTERARIE M 25%#0%, By BHaE RN FERENE, 2h @4
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BRNEE, TERKAERTE sh FalBRas. BERKAERNEE, £
WAL R Y 3275, MK CaClyik TOFA ) 6%, HLETAE 80%; H—FHRED
TOFA 1 9%, it 7K 7% 4k 32 70 g B I (8] () o 3F A B B

100
90}
B
X [ A—rb—a
T 6o} I
S 50t
0
5 40}
E 300
o 20}/
10/,
0 2 3 4 5
Time (h)
13-5 BRI R E XL R R W

Fig.3-5 Effect of dehydrating agent concentration on the rate of esterification reaction
335 HEUFAEMTE

100
90f —e
80}
70}
60}
50}
40}
30}
20}
10}

°o 1 2 3 4 5
Time (h)

13-6 HEALTIR BT HAL R AW

Fig.3-6 Effect of catalyst concentration on the rate of esterification reaction
Fist ARSI, TR TOFA B/RIL 10: 1o RAHRA 65CHIFAK CaCl, FIE
% TOFAG6%IRTIR T, %18 T AR NKC-9 FI X% TOFA ¥ LN MAELAZH (WHE
3-6). HIE 3-6T%1, % NKC-9 FIE % TOFA 1 40%K, ML EE 05Sh ERRET
80%, H 1h ERERETE 90%Zc A, FTAER i TR T FH IS 38 e i i b R TTAR R SL D

—a— 30%
——40%

—— 50%

Conversion (%)
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- ELRME AR, AREPREOEZINE KERNNAMERER. $#—FR5
NKC-9 FIEZ TOFA f] 50%, MFE=#IMBEFLEM, RIUMT MEEH TR, TaR
HTRIEAS & KYmM T BRI AT, S KER S OEWKRETRE HAEN
R .
336 EEURMHFER

HEEFERENHET, FARETIRMIEMEL TOFA 5P REHTERLR NG HE
B RARE. BEit, EREMNIEERNEREEEM B EBR THNENE %
¥, HRARETS, ERBRKER, BTPRIENEE, SHEFARNEREER
RT TOFAWRE: REK@EHE, REURPEREFETHERBECRT™ENK, AFE
FERE, Bk REKEEREERFRNRERE. Eit, BMRNMERTHR
(3) &7,

(—r):(:‘j(%@)=klx(TOFA)-k2x(E) 3)

Hep, (n)hBELRREZE, (TOFA) J TOFA MK, (E) MFSHiBPREAIRE, k1
RHEMRMNEE, K HRANRNEE,
483X (2) TOFA HUEMIHE, THR (3) B HLL TOFA BB KRR MEE
& 4).
(%)=klx(l-X)-k2xX @)

X 7% TOFA [y
ARTEEH TR N¥S5EE MATLAB BT (FELSFA B B4
FH B B AN Isqnonlin JELHERIA B H0.
3361  BETERNME)HFEEE
% 3-3 BEHEN YR RNE %S5

Tab.3-3 Kinetic parameters for reactions at the presence of ultrasonic

k1 K2 K(k1/K2) &
HEREN 0.52+0.06 0.22+0.06 2.36 0.012
THEAGEH 0312014 0.15+0.19 2.00 0.100

& 3-3 At MATLAB i+ 83, BERENEWIRNI %Skl R K, £
1, K ARNMFEHS. TS KETAARESR, BFKEHNT#S K 2.00 25
3236, MEREALRAER, STRERNEYS.
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& 3.7 MBI T E 44T (NKC-9 FI£ % TOFA i) 30%; FEZFI TOFA BE/REEA 10: 1;
65°C), BAEBIES X TOFA HUXFWNERE BHEFHEMNSE. hE 3-7 77, @8
PEBINMET LR LRERNEEYE. TR 3-7-1 FE 3-72 250 TEERES
MEBERESN, TRABRMERSHERBUE RNEROX LA, XHE 3-7-1
M 3-72 KW, TEAEREHE, FANIEERE N REE LS KRR RENM
MEVIAERE, MHEARERENN, WEERE, WaEEHERANEEREHRT
a5 R AR AN (A AR A B, NI ERIRINZI N EER . RINATGERT
T, BAEREN T ERRNATGEES 0.3 BEF 0.5, RUIHEFERBEHN TRE R NAGE

R, RIF@ER T ZREENERNARE.
1

Ow ith ultrasonic
0.8t |4 without ultrasonic
= —BH&WEENE
§ 1%} L% ‘*-4!
S 0.6} 1
[/]
§ 04
0.2}
o 1 2 3 4 5
Time (h)

E3.7 BEREH RN LRI ISR
Fig.3-7 Fitting of experimental data with estimated data
(sample set at the presence of ultrasonic)

¢ Experiment ]
0.4 ——- Kinetic Model| 1

&
L]

% 1 2 3 4 s 1 2 3

Time (h) Time (h)
H3.7-1 TEEENRNERLR 5 HFHE B3-7-2 BEENRNEE TR 53 HEUE

Fig.3-7-1 Fitting of experimental data with estimated dataof ~ Fig.3-7-2 Fitting of experimental data with estimated

reaction rate without ultrasonic _ data of reaction rate with ultrasonic
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33.6.2 ANEREHAERILEIB) ) FAER

3: 1
5: 1
75: 1

o DX
o

0.8

010: 1
(B EEENS

Conversion (%)

Time (h)

3-8 ARIEE MR LEZRIE 5HEHE
Fig.3-8 Fitting of experimental data with estimated data

(sample set at varying molar ratios )

0.6
0.5 ¢ Experiment
04 -+ Kinetic Model

g 0.3
0.2
0.1

i
-0.10

1 5

2z 3
Time(h)
M3-8-1 Wbtk 3 MIRAERER 5FH#HE

Fig.3-8-1 Fitting of experimental data with estimated

data of reaction rate at molar ratios 3

0.6,
o ) o Experiment ]
04 —— Kinetic Model| 1
0.3
3 o
0.1
-0
-0.10 1 5

2 3

Time (h)
B3-8-3 Mtk 7.5 MRMERLR 53 H¥HE
Fig.3-8-3 Fitting of experimental data with estimated

data of reaction rate at molar ratios 7.5

32

0.6
0.5

© Experiment
0.4 —— Kinetic Model |1

Time (h)

H3-8-2 Bt 5 WRNERLR G HENE
Fig.3-8-2 Fitting of experimental data with estimated

" data of reaction rate at molar ratios 5

0.6
05 ]
© Experiment
04} \, ——Kinetic Model| |
g 03 o .
3 02 .
0.1 i
o ©
0 o
M T N
Time (h)

3-3-4 BEALL 10 MRPDER LR 5FHERE
Fig.3-8-4 Fitting of experimental data with estimated

data of reaction rate at molar ratios 10
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3-8 HARITEE&HT GBAEHIES; NKC9 FEXN TOFA i 30%; RNEE 65
'C), AFEIEEMAE/R LA TOFA #ARMLREES BHLBENSE. HE3-874H, &
ERABIMMARTEIRELREENEEYE. B 3-8-1~E 3-8-4 W RRBHERLL,
SERHERER SN FERE R EER R LA, fE 3-8-1 70 3-8-2 KH, R
BEREE3: 1H1S: 1 By HERRE M IERE ML S LRABEEOMIENEERE,
TREFEHEREN, PREEGRTHEEENZU RAEERUENEZWHE, M
EZAEHRE (O RUEMSIHEHE: BERHERLREZE 75 1/ 10: 16, ¥4
BB, RYURERTFRETUN RVELTUEZHAK, RELRERENRM
EERRA. XA 3-8-1~F 3-8-4, K ILEEhEE/R AR w0 0] (84T 4 R RO 26 i 0.36 3R 7%
205, 7.5: 18010: 1 BWERWGRIEEAE, RHA 7.5: 1 WERLEZEEHE RN
Tk, SERBEEERMOMERE.

R34 NEEMAER IR NS I ESE

Tab.3-4 Kinetic parameters for reactions at different molar ratios

CH,OH: TOFA k1 K2 K(k1/k2) HE
3: 1 0.36:0.21 0.52+0.49 0.69 0.015
5: 1 042:0.15  039+0.24 1.10 0.075
7.5: 1 0.50+0.09 0.25+0.09 1.97 0.027
10: 1 0.52+0.06 0.22+0.06 2.36 0013

% 3-4 hilid MATLAB i+ H/33), RRBRMAERILMRMENESH k. R HK,
Hef, K ARMFEFES. B K ERUAEMGH, BmBERLA3: 1, RAKEE
EETERBLER, KERHK 069, LREE LI HEYEMBRIRE, BEREE
KZ 5.5h, TOFA MELRMAHEE 40%; BEEHBE/RILIZEE 10: 1, K HREE 236,
RUIFEABNENERN TBRRNERNIRE, FERLRNEE.
3.3.6.3 ARBKFIFZRS)HFER

B 3-9 AR T Z4M4T BFEKES: NKC-9 FIE 4 TOFA [f30%;: FREA TOFA
FE/REEH 10: 1; RANHEE 65°C), ARIBEAKFFEN TOFA #URMITRHES B L
BEMSE. dE 3-9 T8, BEUHEREINHLTIRELREEYS. B 39-1~H
3-9-4 ANFEKFIFE, SRFA/RNERSZHFERUE RN EEF X E . #idxd
B, BEERKAAES 0 REE 9%, RMMVIHEERS 0.53 253 3, KNP
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6] 4h 455 = 0.5h.

1 2 3
Time(h)

4 5

139 R AR B AL R R BR 51 4
Fig.3-9 Fitting of experimental data with estimated data (sample set at

varying dehydrating agent concentration)

$

[ 1 4 L

2 3
Time (h)
B3-9-1 TR AR RIREELR 55 H%#HE

Fig.3-9-1 Fitting of experimental data with estimated

data of reaction rate without dehydrating agent

1 2 3 4 s
Time (h)

B3-9-3 6% K FIM K N ER LR 53 HEHE
Fig.3-9-3 Fitting of experimental data with estimated

data of reaction rate at 6%dehydrating agent

25

© Experiment
—— Kinetic Model

o 1 2 3 4 8
Time (h)

B3-9-2 3% AR R NER LR S5FHFHE

Fig.3-9-2 Fitting of experimental data with estimated

data of reaction rate at 3%dehydrating agent

4 r v —

2 © Experiment
—— Kinetic Model

2

0 Py
o 1 2 3 4 5
Time (h)

B394 9%B AR R N EE LR 5 HENE
Fig.3-9-4 Fitting of experimental data with estimated
data of reaction rate at 9%dehydrating agent

& 3-5 kit MATLAB HHE B3], ARBKFHEENRNND%SEH k1. k2 MK,
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K, KARNFEEES. 8T K EZUREBE, BRAKRIHAES 6%, K EHR 3.65,
KF 0. 3% 9%BRAFAEMK 1, RUBKR 6%HEREESRNAERERNEE,
B, THAKRNE K E2.33 KT 3% 8 1.97, SXRFERNERE, RHUBENS

FE (4) BIANSHZEBERTHIET0ERH, FHdud.
R 3-5 AR BT R AR N3 FSH

Tab.3-5 Kinetic parameters for reactions at different dehydrating agents concentration

AR AR k1 K2 K(k1/K2) FE
0 0.530.06 0.22+0.06 233 0.009
3% 2.17+0.11 1.10+0.08 1.97 0.018
6% 2.50+0.32 0.68+0.17 3.65 0.160
9% 3.02+0.27 0.90+0.15 335 0.110
3.3.6.4 AEIEFIRERNZ S FEER

1 4 -

—§°‘ ° .

0.6

5 04

02

% R
Time(h)

E-10 RREANEREAELREESHA
Fig.3-10 Fitting of experimental data with estimated

data (sample set at varying catalyst concentration)

¢ Experiment
—— Kinetic Model

0
-0.50 " . -

1 3

2
Time (h)

FE13-10-2 40%E LRI R R R LR 53 H ¥ S
Fig.3-10-2 Fitting of experimental data with estimated

data of reaction rate at 40% catalyst

0 1 2 3 4

Time (h)
B3-10-1 30%BARN R ERLR 5 HEHE
Fig.3-10-1 Fitting of experimental data with estimated

data of reaction rate at 30% catalyst

o 1 2 3 a
Time (h)
E3-10-3 S0%E LR R MR LR EF HFUE
Fig.3-10-3 Fitting of experimental data with estimated

data of reaction rate at 50% catalyst
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B 3-10 AR TZ %M T GEF KRS : K CaCl, HE % TOFA 1 6%; FEEA TOFA
FE/RELA 10: 1; RIGEAE 65°C), REMEWHFIFARN TOFA HURNTRKES B £
BEMGE. mE 3-10 78, EdHARANHETLASEREENREYS. B
3-10-1~ 3-10-3 ARRBAAHE, TRHTHRNER G HEERBE RIER KX
. =B R, SRR E MR R % 5 LR B RN EY A E R
B2, 40%HHEALTIR BEVIRE R HHFAMET 30%H 50%, B9 RBAIHH B
RERZMIRRE, 0%MELTHEYMBERRT 30%, HERFEKTER.

X3-6 FRBUFFEENRNEESH

Tab.3-6 Kinetic parameters for reactions at different catalyst concentration

A AR ki k2 K(k1/k2) %
30% 3.27+0.55 0.90+0.30 3.63 0.490
40% | 2.69+0.38 0.24+0.17 11.18 0.150
50% 3.25+0.28 0.4120.11 7.96 0.100

% 3-6 RiER MATLAB 553, AREMRIFEENRMZH¥SH k1. K MK,
Hep, K ARMPEFH. @it K ERUMEBE, NKC-9 FIE 40%H, K {H#iA 11.18,
TR T 30%R ) 3.63 H1 50%HT ] 7.96. 40%IHEALHIF B RS IAB R RNV, MR K%
MBI ABEARE T LXK TRATFAER TOFA B R REE.

33.6.5 BNFEREEMT

EAMARTESHEMT, MATLAB 51 RNE %S EITHT, REKE
ERNZUMAERR: FREUARELG THBEK ERR, ATFHBSHENKHE, %
PIEAL IR B TOFA LR MY ME K. FEM, BAFAREWAZ, BEKES
W=, BMERLEWRERIK. LHBEREN, % KFAE. TS5 TOFA R
EE 10: 1 71 40%NKC-9 Fi B, KA 11.18, BIAREERARNFEHER, Wi,
AR NEE R TOFA HILERHE.

33.7 PRt

KRB DBt AT &R (G RAR 3-7), HBRIEH S RiE

PR & 5 AR A S AR AR HE, AT .
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31 KHIEWLEmh A @B K B

Tab.3-7 Properties of purified biodiesel compared with international standards

o AR R FHE BB K5 WA ME g
(g/em?,15C) (mm?/5,40°C) (%) (C) (mgKOHWp)  (kJ/g)

B GB/T GBT GB GBT  GBT GB/IT
1884-2000 265-88 508-85 261-83  264-83  384-81

B 0.886 5.0 0012 170 04 4429

ASTM 0.875-0.90 1.9-6.0 <002 >130 <0.8 —

675103

EN 14214 0.86-0.90 3.5-5.0 <002 >120 <05 —

0% 0.820-0.860 3.0-8.0 <0.01 >55 — 43.39
(20C) (207)

338 FEHHS W

B lE iR BT A ST AR ISR AT, BEISAEEE 3-11, EES AAEE
BME RN SAEEIERE, TEIAFIRSAEEER.

13, 140

B 3-11 RS- SmaEE
Fig.3-11 Gas chromatogram of standard sample and biodiesel
B 5 e e B AR RO SR BT T A, P S R o B RO
Flie, TR, FRMTRE, WRERE, THRTPR, WHRRFRAR-11-Z185%
PR EEE, RPSYTSEERTRE, BT, WP h R T RS
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WIRRFRE, SICH R I B S S AN BRI\ BR AR B AR P R b (00 AR
& FYENZHENRTFROREY, TETERALMEENRIBER.

3.4 NG5

(1) ASaPRYERH B F 2 B AR A BE AL R L A A3 AL Y, T3 e AR AR R 1%
EREM. FERSEMRENE. Bk, BUNSRIRN, fUTESTE,
- Q2) BFERHOHEERL, REHMIRE TOFA LR, S5 RNEE; BET &4
ARMNEE 65C. KREE 1h. F RS TOFA /R 10: 1. BiKFIFHE % TOFA
i1 6% NKC-9 FI&H% TOFA f) 40%, TOFA $:4LFik 90%; P41k 4 bLitiRe B g
MMM TPEEAE: =Y RRIERABIEE. KDL mFER S E o'EmbRi:
(3) BT RBEHIBM AT, BRI TR IR TOFA M MBS H LM,
| HBARNEERLNL TOFA K (X) HHE t BRESHE
) —kix(1-X0-Kk2x X F7: FIF MATLAB #t o B0 R T 0 R AR
|
\
\

SHkL KR AK, REFHABRETR 2T, FIF L HI0 R R 4T 55
REEREVEUE: THNEREBRTRURNAERFKEN TN H%S
.

38



BRRHRAE2010EH L2018 X

¥ME RHEFERERTINEE. MARERIE

4151F

BT, EEF ERKAEFTFhmERT/ SR, b/ BEERRT AR KRS
A HERKAEANLES, ROBUEYRXFENRRNRZET, REKK
BRI A EAERNE CaCOs 1IN, FRAERA: BETHEOMA, B
& T HATWR ARG, LT B LERRS 0P/ RS RN, E
EhiR AR _RE (AKD) MGEEBHIRE (ASA), {EXFMHERAFEN R,
BALEES. KEEHNK. BRAETRESHE, EHARUERELENA, T
EXBRACEREEMATV T EA M. Hut, AR FMREILGEEN P/
HE R I PE B F A A LB E RS A M 2 )

Bk, LUBHBRITRIES Kb BE, B, k. B TFRE—RIMLER T,
SR PR, RN, BEMEETFERATRIERDENA, Fifln
FEERE.
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42 TRHS
421 RTREH
R4 FERH ABET K

Tab.4-1 Main raw materials, specifications and manufacturers

3] b I
IEMEAZE (10) & feags EZ A AN R A
(OP-10)
RHRRAZ IR Yot EZ AN AR R AT
GF¥Fin; 0-20)
FARES PR it EZ ARG R A
(CTAB)
5K LI SR A fepst EZ5 A A T
(Span-80)
FRE (Am) L KA AR
KZH (SD) A4 EZ AU RAE AT
RAMETE (BA) 74 EZ ARG RAT
L. S I AR T ABAL T
AN ZS it RATLFERFAT
HE=R S EZ LR R AR
THIMEH S48 MEEZR EE) LA
WiTH MR (BKBAT) A EASALLANERAD
* S EZ &R ARERAT
AEULE (PAC) 4 R AT E A
MAALE (NCC) _ SREAS
RZHEW (PVA) 44748 E ARG AT
RERLAHEER (CMC) SH47 4 EZ AN E AN G RAT
B4 (AL(SO4)s) VI FEENUTHRAF

422 FTEGESSITNE
REE RS I B, EMELEBRAR), FHLAMNHAER (ZNCL-D
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B, AERESRERRERAT)

{8 R AMEEUFT-IR) (Nicolet380 X, EEMBAT); Wi/ fmKOW
B (JC2000A B, LT REFHEAREFMAR); BOLREH X (BT-9300H &,
PRRTEHNUBERAT); MAEKN JSHUH B, HEPREFEAFTRAFD.

423 FALFIBEF

423.1 & FIAA (OP-10 BRMEAMARE, LE) HH%

1) OP-10 #ifk: % OP-10 A 20%-30%KIEMA 1000ml =AFMPTHE, HEEE 70
CHY, FKLHBMEEY, LEEFAE BOCHBTRERE KBRBEARX, HEXE
HYRREEE, 835 OP-10 ALY,

HygCg
0 (CH,CH50) 1oH

TEMBEZHE (10) B (OP-10)

2) OP-10 LR EEsiL: ¥ OP-10 AL IMAH A BB AEEN=DFK, RMAE
AL BRI S E R D RMET, MAE 0 CHDRRE T&EL, ARE 75
CHITIEB RN 2h. THEES 65C/E, MATEFE, BEKMN2h &, B3 OP-10 XE
[N

H1sCs + 0=(oj=0—>"'19c9
CH,CHA0)40H = _ O(CH,CH,0)4,OCCH=CHCOOH
HygC
o + CHOH —n
HgCg
O(CH,CH,0),0CCH=CHCOOCH, T H0

OP-10 kR L
'3 OP-10 TsRMEEHMIL: 11 OP-10 TREH A A0%ERMEMKEH, % 0CK
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R 2 /e, REBERPHIKYBRE, B3 OP-10 L RMEMHM I, BMEA FIALHI (LE).

H1Cy |
O(CH,CH,0),gOCCH=CHCOOCH , + NaHS03 ——=

H1sCo o 0

H SOsNa
OP-10 5 RER B IL
4232 WATIMN CKZH-FRBMEIMA, HE) %

ERERAE, RASNENERERNS OIS, MA—E B0 HHRR AR
EEHAUK, ENURBER TRRILR: FHEE 60T, MARAR 0.6%HEHMEN.
WEZH . FHME TRATHBEZR R T LA GRS, LSEE L0%HERmEK
ARSI, B TFIHAE 85-90CRML 4 Mt REEREAHE 40C, 19
BMILRE Z ST RMRTA, B4 TR HED.

CH
Z 0
e N Jk/c“
+ Z/NW/ t e N N NF
0
HNOC |
—HyCHCCH£HCHHCCH,CH—
S CeHg CooH
R LIG- NGB BERIAT & B

424 BERFIEIHI&
424.1 EREEFRLIL

BIRHE TO (BUE/RMEHY TORA) MARRES, AREERSHR, KREE
ZRIMADRRA, SRBRASETRRFFE 180CRML 2h, BRHE, BERMLER
M STO (BGRILEE/RIMEHY STORA).
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4242 FRFARESI& 2 BB

FEREBERHETHABHREN =0T, MAZERERE, KRERARST
Wk ERIAN, WHILEER L WO B, ZIEMATRREE 7K, AR BREH
e, EHEREZE 1100/min, HREMABKENK (HBK), ERELALTEE,
REAHE, BVAAEHERA
4243 BRI HEBHE TR )

e R REE B 4 40-50°C « BEHETERE 5 1800r/min FIVE A K )4 30min &4 T, #H#E
HEA SRS R EERRRE s, ARETHTRE, HYERHE TR,
4.2.5 MERCIE R A 5 RIE
4251 Bk

WATRE R 45°SR HIREBALZRACH 2% MR, MBHEH: 2min, MARRGR, %
SEMRBEHH Imin, RERBEEMAREEN ALSO.); FH, BEHH Imin, HIERH
B. YA FUHEEN 60gm’.

42,52 HERH Zeta BLAL BRL AR H

KB & MR, HESGHTHNRR, Mk OCGH TR Zeta BALRE,
P BOERLRE 7 A SOHAT ML BE A o
4253 R RN LA EE R

BABMRHS KBr B A, BHATASMGENT, TR, DHEENDH
FY 4em”, FHETEE 4000-400cm™, FHEKE 32 K.

4254 AoktEaeia

¥F4 Hr 4% AR (GB-T1540-2002) #15E (#7513 € Cobb &, E#5 (GB-T12914-2008)
L BB KT ' -

4255 FHRORDERHAE

BRIOFY A A REmA/ TRk OMEN, AN EREKHERKE
T KB A o
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43 R 54
43.1 FLUFREBKE

% 4-2 IMRIRBBZ
Tab.4-2 Effect of emulsifier style

AmAR RE FUARAE AT
OP-10 EHEF 8% N 2R
OP-10 4i{L4 EBEF 8% TEeAAL
OP-10 Bk B AR {LY FABF 8% AEesli
LE FAEF 8% NN

HE S 8% A EEFLAL

OP-10 + Span-80 EEF 8% AEEFLI
OP-10 + 0-20 E| 8% N:2iRA
LE+ Span-80 BT 8% N R A
LE + 0-20 R 8% AREFLAL
LE + HE S 8% JF P4k
CTAB FHEF 8% iR

LE + HE + CTAB — 8% AEEFLIL

ERIE S BHRAIEED, ANFRIEXEENER, T 42 SRR ISR
R FIHEHEE. BTERFESERENNR. BRRSENSHELUREOLEY,
AARRN=F w40, Fit, REALLRE, UL OP-10 fER IR 14,
EAL. M. BUCERISE, BIERARSHOILR. BE 41 FOR, £—HL
FIIFREXT M R T AN S8  OP-10 5 Span-80. OP-10 5 0-20. LE 5 0-20. LE 5
Span-80. LE 5 HE S M _ uRMEMAERMARF, RA LE 5 HE iR EAER AR
I AL Rl WEEREZEG-WERAELES TN BERORPREE. R
FUBTERREFIYE, 7EMRS FRMFERM AR DR ER L, Atk BRI
WA E AT HRRE N, BRI 8.

HTAFRANRAEN, RHEESHTS/MAERYHET2 8. SELLTN
ik b, BRUTARE=FERILE (CTAB) fEXFHBEFIAN, HMEFLLA
AESIE. LRRYA, CTAB HARRMENE/RIMMPAEFAALF, LE. HE 5 CTAB =
TERBRMEEN AR R T LRI AAE/Ri, TR BT /RMANREREAH®
K= W45, 2TZREREK, E—0 CTAB RIEE5H. KA F o uREARWR
M= R EARESH EEHEERANESR, TERNERS TRAERRMRY, BRA
SERETIHBRESERE. BEilt, %E4EET LE 5 HE ZuE AR B & A% FHE/RmHER
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), P i A R 2 P T R
432 FUFEER LHIRTI

4-1 HBREIALFIR B SRR E 8% AR L, AR, K2 FAUNRERY
HRTI B W GERFABARETEN 2% , RRERAE MR 2 ).

100 : 20

- Cobb value 119

L . Tensil 118
- 90 Tensile lnde 85.00 87-25] 17 )
£ 86.67] 116 @,
Q | \\ ] 15 o
P {143
3 70f e
: 66.50 \\ - | 139
> 60.50 N L1 |12
-] 60} \-/ {111 Z
8 110 3
50} {9 ¢

8
2:6 3:5 4:4 5:3 6:2
LE:HE
Ba- 13RI

Fig.4-1 Effect of ratio on emulsifies

HP 4-1 A1/, M LEHE % 3: 5H, WEBHREENTRER, KR Cobb EH
60.50g/m?, FUIKIEHH 15.1390N.m/g (BAE T2 EARAEM 15.668 Nm/g). Bk, & 3: 5
& A F IR SR Lo, XA 5 R i AT LA ) % 23 U ABE ) 4L Cobb {2 60.50
gm? HAREEH A LIEFER, TR hT I UG RARFIBRR 5 R REEK, N
TSR SR E. Ht, ERS TR TFALNERLSA 3. 5 Eab L, Fini
BRI R 1%H PVA ¥IE R E A HON. SRR, PVA BRIV INE E7 Cobb &
R3] 31.33 gm’,
433 BIEFREFLLMHMIE

BEESEE/RE (TO) fEHERS, Fi%EBHRIAE/RE (STO). H/RMERG
# (TORA) FR{LE/RMEHY) (STORA) fEAAMLER, &% AR5 4B TOS.
STOS. TORAS F1 STORAS. Bl 4-2 HRFIZKE S Btk REXT EL I, d1[E 4-2 743, STOS
1 STORAS (Mt feRFIk k&8, T TOS A TORAS BB B Tk MY AT
Diels-Alder K, FARFIIAFMREFEE A, HINHER A STMES & R,
BTR MR ERRFERTES, EAEEBBRATKKMIEER. L+, STORAS
RIS PE S B tE, Cobb K 10.00 g/m?, HsKIFBM T HARKRMMERA. ThER
BT ARG RBRELILA, T STORA RHIE/RilZ5 BER % TOFA &R,
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JRR LA

BABAE—, GHMLIEELTHE, BASEMEFRAMRAAMIE. L0, %#
e B M STORAS BMERFEAHEHBFRBRAMERRE. hTRRFE, ¥
STORAS B Ji 2 TR #% A B 8 F 45 /R i HERR 7 (Anionic Tall oil Size , ATS).

40
— Cobb value
. Tensile index
< 301 3133
3
8 20t /
= —//l—“
g | ° 18.00
Ko
2 10} 12.00
8 10.00
0

1 1
-

1 1
- b

) I |
~N © ¢

| . TOS STOS TORAS STORAS
| Bl4-2 NI B HERCR I8
Fig.4-2 Property of different emulsify size

434 HERTIREAEM

15

\
| e 50
\

-
© = N W

(B/w'N) xapuy ajysuay

I i
-
O = N W

1
-

[ — Cobb value
— 40| 39.01 - Tensile Index
£ |
23001 . 2503 25.50 |
3 20/ N ]
S N
2 ol 1000 |\
[&] 4

[ ]

0
1 1.5 2 2.5
Dosage (%)
Bl4-3 R H R M

Fig.4-3 Effect of size dosage on property

B 4-3 5 ATS FEXT LA M. BRI pH 4 5, BREERKH 2 .
FERCEL A EM 1%3] 2%, #K3KH) Cobb HZEHHD, BURHK BB 2%/F, KA LFt
FEas. WRER M THREBSIHERDNERARE N 2%, ERACHREERT,
RHERH TGRS S, H Cobb K EMMIMBETM; EUREEMATEL

46
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A% RN, FRRENEEMNYETRESSENES: i, BBIE 2%H,
EIKMPUKIERRE, HEERRRAEN 2%,
435 FEAHFXMTM

PAC ATS ARITIE
Kl4-4 PACHBRINZE ATS
Fig.4-4 PAC add into ATS

ATS PAC RESE
El4-5 ATSYRINZE PACHK
Fig.4-5 ATS add into PAC
BB PRI AR BRI ERNEES, WL EHE
FRRAKXEEE, B2, HHEFANERRREE LHRETREFEMT). HHH
BTRAIRASAMNE (PAC) B AR MBI A A BH B /Rl + (Il |
4-4), EAMA BT A EESEBAHAERE], TERM 2% HRIE B PAC B
xR, NTTSBABMBABR. Eit, REHERAZEMFENE PAC BHBF (E
4-5), LABGER 5 sy i e U UKL A R H 238T PAC BRI
4.3.6 PAC FIEXIRERLFITEAERITMA
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110

—ICobbvaive |124
i —=— Tensile Index ]
o 100 100.08 120 €
£ 3
2 90T (9101 116 3
2 86.05 —" s
8 80| o~ | | 1 (8240 |4p =
a P
L c
g™ {8 8
60

1:05 1:1 1:1.5 1:2
Sizing:PAC

Bl4-6 NFEPACH B M B T AR #E
“ Fig.4-6 Properties of cationic size at different dosage of PAC

4-6 AFIRAFE ATS 5 PAC BC L %143 P B 7 e 71, 22 T07R I BR S5 AL 4 3 5
. BYERIAS THT DD, RNBRNKKIERE. BB 46T, X ATS 5 PAC
REH 1 20, FRRAKEERTHMALL, Cobb EtLARIRIK, FikE RS
PAC RS 1: 2 M RILLGI. HE, RRBILKIH Cobb HI9E T 80g/m?®, HRMER
B, TREOTREARERSBRNER, W TR L. FHik, $mfEH PAC
HRHZMMEEFRER, B3R EERIBENERAR, NE—PEEBREN
fIRER .
43.7 HEYHIXT REB I R RO

R 43 HEBRAIMTERE

Tab.4-3 Properties of emulsify size

H A 7 A B T B AR ZAYH
ATS NCCCTS PVACTS ~ CMC-CTS

Zeasafi (mV) 3110 3366 2891 2242 —

HOKIE (Nmig) 12261 17745 19350 19308 15.668

Cobb {f (gin?) 100 33.33 1567 1267 —

F: ATS HEAKETEN 2%, HREARAKKTER 6%, pH=5; RFIFHETFHK
FIRBARETER 2%, HEAAEAHERFIN 1%, pH=7; ZAW K pH=7, TIEMAB
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#

Bl NCC. PVA 1 CMC fE ¥R E ), 7 ATS FLAA NP PAC SR ZETIMA, ATS
HL9 55 PAC ¥R 1:2, §I & — R 5B B -F JERH NCC-CTS.PVA-CTS 1 CMC-CTS.
% 4-3 A RFUHERSRI M AR AR

m% 4-3 A4, @i PAC MERERIMAEM, BB TR AR E N e HFH B
FRBHR, BATScBRA /R . 7R3 PH T AR 7R ) B B B MR T B T AR
MR, BEPHRTKEERTREFRRARZAY F, REEREER. Bt
NCC. PVA Rl CMC MXEEfE NS RN, Rt RAMEER, SRAEBH. L,
CMC-CTS MRt e i, Cobb ik 12.67 g/m?; PVA-CTS IR R, HiakigH
¥ 19.350 N'm/g, tbZEHHRE 23.5%; CMC-CTS KL A 19.308 N'm/g, IR
2.5 PVA-CTS #ii, &4, CMC-CTS Z/PHE TR Atk ae &

X BA B PR MR R AT AR, HEREB AR CMC-CTS BB B TR
EMAMEAERS, RUFEHETFERNRFRFNEEN.

. . I pH=5

NCC PVA cMC

FEl4-7 BRIXT R A e ) W

Fig.4-7 Effect of Cobb value of synergist
7 R TR AR B PG RE, BRI AN FHR. MR R
" Kt 4-7 Bk, NCC-CTS fF4# K Cobb & H 33.33g/m” FRIEE 13.67 g/m?, il ATS;
7l PVA-CTS #1 CMC-CTS RUBEEZE 9.00 g/m* 1 8.50 g/m?, {&F ATS £ 10.00 g/m*. Cobb
HERY, FBRBMARINEFITIE5E R BT HERFIRHRECR . WTRRHHER T K
FABTFAFRNTR, ARETARRPEAHNAE, RPN ET RS TI4%
k@,
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24y N pH=7
5 22| B pH=5
E 20l 19.35
520 | 1839 1931
x 18 ]
[} L
2 16}
2 14}
2
o 12}
P L .
10 f
NCC ~ PVA cCMC
Ela-8 BB FIH KRR A

, Fig.4-8 Effect of Cobb value of synergist

WRHRTTME 4-8 FioR, SIMRAMHAED =P B T MR MR M ARk ok 15 509
ARERBEE, HH, CMCCTS FERETHEHE. THREESRUELAHT, KKT
BHRETHAKE BWTRKAREANEREEBEETAENRLE, BNSBTH
FKORBL M T RE.
438 FHRREEMASH

BikGE &M, LRERITER, €1 & B=HXA%, BE-BRESE
WA B SRR HOR AR A EMA 0B 4-9 FIR). RI\BEMS 0 HAINTHTH
Wi B .

’ [ \
N 0=0° ﬁﬁ’ %éﬂﬂ@

0° <0<90° HAWEREE
0=90° ST 9 R
90° < 0 <180° AEE
: | 0 =180° Se & TIE
BA0 BACRTE_E RO

Fig.4-9 A liquid phase on a solid

*%ﬁ%Z%U%E%%%%%@#ﬁﬁ%ﬁ,I%%@%%Eﬁﬁiﬁﬁ%%ﬂﬁ
BEE, FHENBRRARNE, EAKMKKRTEAA RN, KIKHREE R
AT HREKERME SRENE—RERE, BERAKREERE. B, SdRKEE
SKBORIEMANE, THTHRRKREMERRE, WEBRR KRR,
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pH=5/Sizing:Al(S04);=1:2.

pH=7.

14-9-1 NCC-CTSII b R I efud f
Fig.4-9-1 Surface contact angle of the handsheet sizing with NCC-CTS

pH=5/ Siliﬂg:Aiz(SOd;=1 2.

K14-9-2 PVA-CTSHI# f R T A A
Fig.4-9-2 Surface contact angle of the handsheet sizing with PVA-CTS:.

e N I PR R I T
s B . . %

pH=7. pH=5/Sizing:Al;(50,)3=1:2.

K14-9-3 CMC-CTSHI# i R e h /1
Fig.4-9-3 Surface contact angle of the handsheet sizing with CMC-CTS

49-1. 492, B 493 AHA=MHBEFRRFAEARARpHET, FPhkESE
KA, B SEEMA RIS, KERURRETFEYAEE, BELRE
5KiiEmA 0 AT 90°BIANEE, RUIPH S TR MR B D> K R E R
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EWHE, REEKREAHE AMESAKRERFRERS. ERURNHBHL
FRIURHE T HOBETU R AR A8, 75 9M MR T 4-7 S Cobb (E 3.

439 EEFIREZESH

ETRBRDMIEHRA RN ERRW, MHBRRNORSHETIHT (I
R4-4). AR 4 THE, BENRFIHETHRENORZE /N ATS HRH, X585
HEEER. B, BRVORABEFHETAKS PAC RERMRE, #BFHEL,
IR 4 2R o () HE AR LR B B DT,
R 44 FERRIBURL IR

Tab.4-4 Particle size of tall oil size

& FHr%2 (D50)

¥ % /um

D3 D6 DI0 D16 D25 D75 D8 D90 D97 D98
ATS 2.57 071 087 110 137 168 401 503 618 917 10.05
NCC-CTS 142 040 048 056 064 075 359 529 659 873 923
PVA-CTS 1.86 041 049 057 066 080 584 772 936 1219 1291
CMC-CTS 1.81 041 049 057 066 079 509 652 773 985 1041

i: DX=Y R RTBHHAAE Yum AFH G X%, @ D50=2.00um, R¥IER+ Bk
HF2E 2.00um BT & 50%, —RF DSO RN AR MBI 2,

100.0 10.0
00| - “|s.0
8.0 .0
10,0 1.0
g0 ' s.g
gﬂ.o : 560
Go.0 ARPY
30,0 3.0
20.0 20
10.0 1.0
0.0 0.0
0.1 1.0 10.0 100.0
Size(um)
Bl4-10 ATSHIKLZ 3 A0

Fig.4-10 The particle size distribution of ATS

52

100.0 10.0
%.0 : v 9.0
80.0| . . ’ C 2.0
AN « o e
@o et . . 6~E
Goo|l - 4V o i |8
.0 ) : N Y
00| : C 2.0
10.0 . o . M 1.0

0.0 0.0
0.1 1.0 10.0 100.0

Size(um)

B4-11 NCC-CTSHIKI 124} i
Fig.4-11 The particle size distribution of-
NCC-CTS
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10.0 100.0 10,0
9.0 9.9 9.0
20 80.0 8.0
* 1.0 10.0 7.0
G'E go.n s‘g
5.0 .0 5.0
Y 0.0 &
- 30 3.0 30
P P nol| - 20
1.0 10.0 1.0
0.1 1.0 10.0 100.0 o0 o.c{u 1.0 10.0 100.0 80
Size(um) Size(wm)
E4-12 PVA-CTSHIKL 240 Bl4-13 CMC-CTSHIKL B4 A7
Fig.4-12 The particle size distribution of Fig.4-13 The particle size distribution of

PVA-CTS CMC-CTS

B 4-10 5 4-11~4-13 LLEAT 40, PHEFHERABR RS i — B B bk ATS %,
SHEEFRRAGRREERBENBRANEN. bR 44 7, SRR+ D3,
D6. D10, D16 1 D25 fki2+ 21, B/ F lum, MiZEERPEEH PAC FINCC,
PVA B CMC B #/NBRL, XEH/MNRR MEE SRR OBAN A RE TR, EX
T LR 5EBSHEMER: T D75 UEHMAEHEK, BFEER, WHEZ PAC. NCC.
PVA 5 CMC SHBONBHAC SHIRBHK, BMMNTEEET PAC. NCC. PVA &
CMC 5HERFIFR A FEX M RNTE S
4.3.10 FEESFILISMEE S 4 =

B 4-14 A ARMEFREAGEET A ER. SEERAK (4000-1300 cm™)
HIELIX (1300-850 cm™), 7E 3424 cm’ ALHIAR TR OH FHA AR 4R IR B4 KT
e, FRELT ATS RoR%eE, =HEETFHRTM OH EHMEEREATNE, B

& 1100 em™ 2245 &b Al—O—Al H 4R 5170 981 em ™ &t A'—i—m A E iR zhig
68, REIARPIIANT PAC X—BELREEY: BINEREE L 2928 cm”, 2850cm”
% CH, (MR I0HE; ATS #1700 om™ &bAK A FHE AR RE0ES, HEERNE,
PAC 45 1F e 1630cm™!, BEEARMMFAEMA T HIRALY, BHRAK CH RXHR
B Rk 1459em™ tRIBEF=4 T 48, PVA-CTS 1 CMC-CTS WIZE 1554 cm™ it}
RFwRE R, AR E RGN B A Frie IR W T MR AP RE
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W
NCC-CTS

i 1 A l.[ 1
4000 3500 3000 2500 2000 1500 1000 500

wavenumber (cm™)

F4-14 BA B T OB HOFTIR i P
Fig.4-14 FTIR spectrum of cationic sizing agent

| IS 1

4000 3500 3000 2500 2000 1500 1000 500

wavenumber (cm™)
El4-15 BAYR FTIR EE
Fig.4-15 FTIR spectrum of mixture
1 T #E PVA-CTS, CMC-CTS B MFiig R PVA FI CMC A 5 (98 et liriee, %
MR PAC #1 PVA Bl CMC E¥:iBE (W 4-15). B 4-15 T4, PVA (BL.CMC) 5
WA PAC HEER S IFR=EHE, K PVA-CTS, CMC-CTS # PAC. M5Bk a]
AREENYBES, MERETHEL S, BABFRNFENEFTTHE, CMC 55 #
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B4 B, PVA 1K, NCC SHRALTESS, ThRREHRENNER, &
R AR T R R A SR P I B T BN M Be P RE A B PR, B CMC A9
WM EEE, PVAHIK, NCC &Ik,

4.4 INGE

()

(2)

(3)

(4)

(5

B ESFAMAETERTHAREN _TERER, EMNERMFTERHIA
A8, BRISEMERH: FIF CTAB X 24 FHEFIMLAR CTAB 55, 1K
AT R TELIZ R

. EAFAMN-_TERARNERLEN 5: 3 B, BETERENHREK
R, SCEARERibA AT B, R R R AR

ZHSBUBRHI, STOS M1 STORAS B MBI HEB Tk REBLAE, Cobb HAHIH
12.00 g/m’ #1 10.00g/m>; STORAS R HERHIMIHoKIEH 12.26I1N.m/g, T HML=
FERH. FA%E, STORAS BUERAMMARE, KIMEAHBE FHERKNE
iR -
eI ARG RBY B &4 F, R PAC AT R 23 2IPH B T HEARH, &
££1f) ATS JLAFI PAC BCHL A 1: 2; ¥RINNCC. PVA 3k CMC fE A E RGN, W]
KB RGPS FHRA, Lok b/mtEiR. 24, CMC-CTS BHE T
BRI R B AE, Cobb f 12.67 g/m®, M EFMBETE Cobb Hilt— B
3 8.50 m*; WHFBRINERER, HRERARKNIKEE, REEERH
kTR $3R 7 23.5%:

%t 251 BH B F MR AU R B R LM AE 84T 4047, RI PVA H1 CMC 7T 5 PAC
Wik, HRABRRENEES, FEABTHERABRAONEER, FEHRN
{2, TINCC RRRIBEHER. £+, CMC MESRIERR, PVAKZ,
NCC £355: Wit AR T H5Ix M B TR R 2.
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£LE £k

AR “+—H” BRHBHETRITE (No. 2008BADAIB0501) FIHE R 4 R T H
BORHE (No. 2008H2002), ¥t /R il & A M5k K BA B F MBS HIHEATHR AT o

B R HEAT R BV, HIE TR B M A et AE T R/ R B
FHETFoEE, LRTERBNLE. RASEFA.

FEERE: _

(1) DUES/RY REDEL ML S & ED e, REREBLNESE, FHE%
ik 46.5%; it Lo (3) EXERMBLRENHT, RULHBETE: BUFIHE3.0%,
R RiREiE] 120min. B 65°C, FHBAE 75%; =95k BIIE TIREE YL mizE, |
B AR E, SEATEN 0" 5

(2) HHBRMBETHHNE, BRE/RMEHR (TOFA), &L HImMIHET
REWREHEALIEREXI L, B LA NKC-9 W EARREALN: RN, LUBARIES1E IR
WBTFB, RET TOFA BUE, BERNNE; SRELRIM, BETSEMEIR
N 65°C ALK A 1h, FRE2L TOFA BE/REL 10: 1. BE/KHIF &% TOFA £ 6%. NKC-9
FIE % TOFA i) 40%, TOFA #{LEIL 90%; Y2 RRAMARLBMER, =HEFE
HXRERRAEDSMARAE, A EYSmEH: EXRERM L, BT TOFA #4Z (X)

XA t H‘J{ﬁﬁﬁfiﬁ(%hklx(l-x)-mxx R M R SRR S AR, FIA

MATLAB Bt HBFEEELM THRNEESH kI, k2 K, HETERAERNZY
FHEED, XTRAEGBHRICEFRELRLOHEXNESE: FABNTENS
., BT R EROMEN AT,

(3) HIBEVLEMERIK M /RMBEHRY (TORA) & /RMAHEHERA. ERK
AMRAE. KLY FoaoREELAERGER, HHRERRLN S: 3; ks T
HIE/R it (TO). SRALEE /R (STO). HE/R i =) (TORA) FI3RALIE /R M H5 i 7 (STORA)
BATAMBR RIS (TOS. STOS. TORAS #1 STORAS), ', STORAS Mifak R
Bt RERHABAKEAESN 2%H, HHKK Cobb HFIA 10.00g/m’, HIkKIEHE
12.261N.m/g. )

(4) BANCC. PVA. CMC 1ENH, PAC HMEEFRERRA, $I&MRFIHE
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FHEH, ST pH=7 (RIS, Hd CMC-CTS R FHE IR MR 1 Ao R i,
Cobb {2 12.67 g/m’. HEH| Zeta BRI IR, /R4 BB AL R G BhLRM
B, BOLRZRRIALAEA TR, BREERANAEK, JEE P HRAHN
W i 2h s AN 4 R B R R %, R PVA R CMC 55 PAC ¥, FERBCHIRIRL X
Hfpas, MFEFHEYERES, T NCC REEIRENER; KRRMEMADITE
B, PR FHERAMALNARRTERBRAKKE S SRENHERS, AREE
FERRR T IR AL

1y
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