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Fig.1 Schematic diagram of continuzous férmentation experiment

1. B Feed tank 2, #MEHZ Peristalic feed pump

3. BEE Rubber tube 4, X ENS Tubular bicreactor

6. BEH Thermometer e, CO2 CO: gas exit
7. YK Gauze haffle 8, #5850 Sample port
D.
1

7R Product tank 10, EiEA®W Thermostatic water bath
1, kFE Water pump 12, 4% #4% Biccatalyst
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21,80 17,28 |154.4 4165 | 150 |0.48) 1,33 |1,08, 1,56 [1.320,9997 + |uncompetitive
Eq.(4) inhibition
q. Ethanol,
36,13 noncompetiti-

73.87 II38.4 295.7 | z00 |o,48

6.39 [4.50, 7,86 Is.10-c.9945 +
|

| ve inhibition

R T rm———
44
IR 2 S A ALY A TR A T

© EFRFRER

SEVE, AMHTS TR T R B R HZ
ﬁ o :
L TR S, B 2

JEMRTATIBRSHER  http

journals. im. ac

cn



266 £ 4 I

B O % 7

op 3 ' 1
BHISHE sso1m0= mﬂ]“[ Sg=g00 =

1
138.4
5B EZEEE, S, Bk
Toima 2, TINE B E R A%
HFTERETESEN, XTHEMER
WS IOHF2HIRGRBBOK  p,
PLEFAE Y E BN (K ;>0 WEH
@® 1/e<Pxf&H @ 1/a>PREE,

FFWHELBLURAN 2 B R PE<Pa,
(Pa.x=0,5118) T HEORI KN
He<<0.511S, fEHHE, 8, Z{RAH

1 1
Sle| s5om= mfﬂai So=10= 38 4

Z R RADET 2R AEH B ER

T ARATFER, EAEEORRIL,
TR AR ERER. K2 EHXHEa
AERNRARERY 48 O 1/a>P(P
B 1 g S, BT AT B By Se M ok i) U
Al e R, WA EEEEERITZI
My BRI E, #HHBRIET 64
TR (1) (2 YRR EF IR Bk
EmtE. B4, BRI ®GS N2
BUNAR Kip=1/a- P XFHETHEE
MR, WAV SERAE « B
HMESHRET EFEESENFER
Al BT 3h J1 L.

2 HHBRIE. HEEEIERS
ﬁﬁm}ﬁiﬁﬁ-ﬁ, BMTFFE2H\ K sl se-10=17,3
FK s 56200 = 143,72 & S B HIF KN
SN EIHESER T IR )T
%Eii-ﬂﬁ%fﬂﬁéllﬂ’(%’ FIRH & #iE X7
ss-10=5294 it X BER FEERELTR
B, AR, EESFEDHSEEES
et LR L EZ A AT, H
TRESEMHBEFIRAIPHK |
coerso= 4165 T K is] soume=205.7 W B

© PEMFRHEMARMATIKSHET htto

XVmpl 5521507 21,990 X V0p) 55-20=30,13
SR ENGEEMTRERFSE
bR, B, EEEAKT BN
REW, WEENERRES M IPHIE
AL R

i b, BEhkKFHEERRE
BTN REEHRAS AR R
EANEESERBRARNN,. BEhE
PLEOR T SAFIE T A A, BRI AL EY
HMITRMEHERE 2 P4

(HEERERERERINZEEY

1, BRI

(IDHBEREMITBEEHEENT R
JoiB R & B Tk 7 R BOR R IR YR
THR R 55 HE, BRBE— %%
BRCRFAZRE, & A BEUWTE
(4), UHBEUUSERS. = 0 WS
EHFEEAERE, FRHBLTHESH
55, R R R

@ Xvap, Ky KisHBER

m BB 2 B XS,
Ks- 8, 1/K;s- S WiRBN, EHH
BEEEXRAMBpRTEREE, B

Xv,.p=a+8S;+CS,?

cr

Se
Ks=a"+ & (Toa?

8s 7
1/K ;s=a" + e a?
By RAE2 FE(OHFHFHEASHER
MR &, WAR SR KRS
ERA: ‘
X¥np=0,13445,+0,8134X 107*S,?
(8)

Ks=exp(2,908x10725,1%78)—1
{77
Kis=[exp(2,421x 107245,5182)
—.l]*l (8 )
@ em#at
PRI R TR 4) & el BIR

ournals. im

ac. cn



3 14 EVERRSE, BB SR E T R HECR R | 267

HEHEEWH B HEEX, ERE
HeP=a+bS, ZH&*RRE, #S=5,
W P=YesS, 2R EARNA K=
a+bS,
Ye/sS,
B PS4 2 3 BT 45 Bl B (R m B IA Y .
e=0,947 % 10" —0,449/5, (9)
(2H)REHBERIBRREENEBR

B MBI EAWESN, REMFKEL
MW EESRE IR & 0 F ks k8
CO,.BlEWRRERE, AMXFHEOE
FRWL A R A E R SRR
Xvap 2 ks N EEHEATFERERK
EXEEG T 2EMEHERENRMNE
XR—EHEENNENER, B, MW
EWTEEHE, RS HZEEANR
THEENERER LR #R), 5IA—
TERBERY B HITREHMERNEBRK
BT ENNEE, AT#ERETXERER
HR, BRBEXRER Xv.p=8-X°"vp K
FTERg, EXFEELRT, BHERA
(G)E[JHﬁvapazj‘J%?E#X“v;p s RTBR

ZHEER, BRAK2 FEG)

%IH’JJ%ER, ftﬁfﬁﬂéﬁi ﬁ%&}iﬁ Paet _

‘.A?f(K'S’K"S, G,P)EE':‘—]:,E

BRI R R R E D TR G EH,

Eixs‘c%ﬁﬁtu SRR S R T

BABRESBTERAEMN, HHNA0)
-iJr%l‘t‘s!ZEEﬁ-%iﬁ“E%f@ﬁﬂ%o

= /e
'FT, w [ [(e0i- 0] Vz:“ s

(10)

O PERZERMEDHARIATIKSHIEES http://journals. im. ac. cr

(3T S WA, AL EIRE
VRAI B RYSINS &R, AL
FIFEFFBEEH LT 6 V4R

S
re= B XV g TS SR s
(1—aP)
Xovep=0,13445, +0,8134%x 107*S5,?

Ks=exp(2,908x10°3S5") -1
K.s=(exp(2,421 x 10°245%#) - 131

a=0,947x 10" - 0,449/S5,

p= (1), /[a+o:-

o), ] (11
2, BEREVIEEE. b T X B SR
134T R EE B9 FE 4, FAERGDX
F1HL KBRS, =150, 2008/LERH
BT B BIANKEE, H
ETREMBEHNTEEZILRAFES; FiL
b, HEATERRETBRRENS
E e, EmAE 1S, =1008/L ¥
1%, *REHLEHEE, S43BAERAD
B Monod 75 B#7 T #HEBERE,
HEHMEREME 4 R
M3, 4 daa, ﬁ[%ﬁﬁé(ll)ﬁ
FSRMRENS,, B3 RUSRRE

ﬁﬁﬁﬁ%&ﬁﬂﬁ%mm LETTR i g8
KH13.81%, B/N1,33%, AN

BEQLMRUBERREW. BN, &
%4 7S, = 100g/L B BB &R0 MR
X FEAR AT SBRRET M, R
(1) B A e R T Moned J5#8, B
BEEI QLD X1 A2 R 2% SE 0 BB
WiREE W TR e 4500 11,38% R
14,44%, T Monod J5 #2828 o N4} 5I%
5,42%%114,56%.



564 £ % I # % #® 7%
%3 BRURUAERRREE
Table 3 The ingpection of medel basic equation and g effect
8s = 150g/L Se =200g/L
RE®R | sy | mom | ssez | vanz| xewe | sowp | wasz| resz
. [Experiment | Model | Perceat | Average [Experiment| Model | Percent Average
Bioreactor Vet Vel deviation |deviation Vet Vier deviation | deviation
Far W [Foy W si6) | 6 [For ®fFey B sy |
1,087 1,105 *1.688  lo o o7ge 04797 0,889 | +11.543 4y o oo
1,992 1.941 ~ 2,560 1.992 2,115 | +6,175
3,433 8,474 | st.p0 {01133 2,246 2,605 | +15,984 ||01:8.39
4,528 4,490 -0,832 |oy1.56 3.623 3,482 | ~3.892 |0:7.96
. - -
1 7,084 7,057 0,099 (@ =1.00) 4,456 4,090 8.214 (@=1.00)
7.426 7.462 | +0,485
10,347 10,787 | +3,751
12,806 12,180 | —5,279
13,042 13,326 | +2,178
1.474 1,541 UL T PO B B S 07678 | 44,110 [o 0 hiny
3,526 - 1,173 -~ 10,61 2,724 2.410 | ~11.53 _
- 5.609 5.346 | 4,680 [IO[:5.80 4.151 4,490 | 18,384 (1018011
8.013 8.524 | #6.377 |o0:6.48 4,471 4,846 | +8.387 |o,8,45
i -0, .94 N -8,
2,455 8,361 0,0942 B = 7,949 7,302 8,139 (B =1.063)
10,74 11,62 +8,194 |0,6338)
. 4 HPURTRNERER
Table 4+ The comparison of the results predicted experiment with model
R S *%
C So=i00 | HEEBG1) Mathematicel model® Monod® 2,. Yp=Xvap—oo -
‘equation Ks+8
g LwE :
) - | 3 3 e
‘ Experiment B BHRE | FRR% Wy HEE THFE
. ‘ p | .
Bioreactor : Model Percent | Average [Caleulation | Percent Average
 Veet ()l Vet " deviation ; deviation Veet . deviation | deviation
Fox ar BN 8% (%> for N a0 %)
0.8875 0.9570 +7,831 [0; +0,0382 0.8007 -9.780 [D;-2,404
1* 1,811 2,069 +14.246 ||d].10. 99 1.8706 +3,313  ||d]:4.15
3.731 3.404 —-8,764 [G:11,33 3,722 ~ 0,241 [g.:5.42
4,039 3.509 ~13.,122 |(B=1.177) 3,907 -3.268 [{(B=1.00)
0.7372 0,6751 -8,424 [b; +0,084 0.5643 ~23,45¢ |d;-0,1582
‘ 1,603 1,018 +19,651 |{d]:13.81 1.697 +5.864 [8] s11.28
2 3,205 3,687 +16,039 |o.14,.44 3,884 +21,186 |o.14,58
4,487 4,056 -9,606 {(B=0,9214) | 4,510 +0.713  |(B=0,8284)
. 5,000 4,183 - 16.340 4,745 ~5.100

* Sp = 100g/ Ly Xﬂ'vgp=14.25gfL gelsh, Ks=4,26g/L, Kis=1T2414g/L, a=0.00498 (Model

caleulation values)

#* S =100g/Ly X0v3 .= 35,34g/L gel-h, Ks=292,3g/L(Parameter simulation values)
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1, BTERSEMRNERER. X
BRHEIOQDLNFERM LB ) SNE
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Table 5 The results prodicted the kisetic experiment of saccharified solution with model

s I  PHiWPrediction i Ve 1/F oy AifiPrediction
_ Experiment | o | HOHRE | THRE | BEH | WaRE | FHEZ
Experiment Per A Model P Average
Model _cept verage | e;‘ce_nt verag
P(g/L) Ve b deviation | deviation V,.:/Fo» | deviation | deviation
Fox Peg/Ly (%) %) k) 8i (%) %)
o - 0 _ '
20,711 2,0303 23,32 +12,26  ||d] =6.85 1.7876 =11.854 lia) g g
25,518 2,3286 26,46 +3.692 2,2388 ~ 3,856
25.940 2.5138 28.35 +9.281  {0=7.86 2.2792 ~8.332 | g oo
39,070 3.5821 38,53 -1,433 3,647 41,828 ’
44,974 3.9588 41,58 ~7.547 [(B=1.00) 4.5303 +14.436 [(B=1,00)
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BINBARMG R ¢ R WIT RS B
AL MERTFRMEN.
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iy 23R A B R Sy Bl B Q3 R
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Kinetics and Mathematical Model of Ethanol

Formation by:Immobilized Yeast Cells

Li Xianglin - Jin Ningren
{Department of Chemical Engincering, Zhejiang Institute of Technology,Hangzhou)

The ethanol fermentation kinetics of the immobilized K yeast cells
on Ca-Alginate using tubular bioreactors was studied, A mathematical
model, which consists of ¢ equations and describes the kinetics of etha-
nol formation, was set up, Some applications of the model weré diseu-
ssed, The results showed that the fermentatmn process had the kine-
tics characteristies of combmed inhibition, ethanol in noncompetltwe
inhibition with irreversible performance and glucose In uncompetitive
inhibition, The maximun -average percent deviation of the model calcula-
tion was found to ,be 13,81% in the simulation of the model parameters
and experiment examination of the model, The average perceént devia- -
tion of the model prediction was showed to be 8,28% in the application
of saccharified solution from sweet potato, The concentration 1ange of

inhibition were obtained to be 130-—4508/L on glucose and 3, 07—16 45%
(v/v) ethanol,

- Key words

Immobilized K yeast cells; ethanol; fermentation kinetics; mathema~
tica,l mode]

© FEMZERMEMHARTATIKSHIEST http://journals. im. ac. en



