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RAMERTERM T,
R AT ~R, ~COOH + HO~R,, ~~—~R,C0O0O~R,, ~ + H;0. (1)
RERN 2~-R,~C00~-0OH—~R, ~CO0-~-00C—R, ~ + HO~CH (2)
Rk G A Rl ~R,~CO0~OH+ HO~0H —=-~R, ~COOH + HO~ 0~ 0H (3a)
~R,~OH+HO~R,, ~—+~R,~0~R,~ + H,0 (3b)
2~R,~C0O0~0OH— ~R,~COOH+ ~R, ., ~0~0H (3c)
LEWER  ~R,~COOCH,CH,OH-—~R,~COOH + CH,CHO {4)

LEEmBEMNEME ~ R, ~ COOCH,CH,00C~ R, ~—=—~R,~COOH+ ~R,, ~COOCH-CH, (5a)
~R,~OH+ ~R,,~COOCH=CH, —~R, ~00C~R,, ~ + CH,CHO (5b)
(BLERRWAH RERKFTFHE. n Hm BRREE, - RELETHETHRERS MR ELEN)
RE(DM2) R ERR, R N(3a) ~ (5b) 58I K57, R fr i fb b2, ol LA 2 85 B 5
MR FEBERE. 3 TR, £REK T HER, R 2. bR M)W
UEH, BY—-TRES—IMRERNH, RENERPRSTERRLS -, RN Q)H#
AR AR S S FR AU SE X, MM, MELTETE.
1.1.1 ZHARAH TR - _ B BRNERNTASD AR ZHE(A
A}, H—F T CM(B-B)MIZ —R(C-C), SR NP E RN EEEREI TR Ag.B, M
Co, WK EZTE N, FTEREH: No=(Ap+ Bo + Cy)/2, & RT[A] ¢ BB R —CER
WEEERNNBERp, B ¢ 6B FHAN, = No—(Ao+ Bo)p, HE X, X, AT RFE
b
X, = No/N.= (Ag+ By + Co)/[Ap + By + Co — 2(Aq + By) 2] (6
BFERT KEHER, N NREEANFEDEEEW, TERH:
W, = (AgM, + BoMg + CoMc)/2 - (Aq + By)PMy o
AH Ma Mg Mc #l My o5 BN R E#) A-A, B-B, C-C HI H,O I F&. i L
M, = WJ/N, =[AgM, + BoMp + CoMc — 2( Ay + By) PMu 0]/

[Ag+ By + Cy — 2(Ag + By)p] (7)
/71'\ ry =A0/Co, rs= Bo/cug ﬂ']jfﬂ(ﬁ)*ﬂ(ﬂﬁfﬁ}%ugﬁﬁ
)_('n=(1+r1+r2)/[1+r1+r2—2(r1+r2)p} (8)

Mn =[r1MA + TzMB + MC —2(r| + Tz)pMHzo}/[l + r + ry =~ 2(7’1 + Tz)P] (9)

1.1.2 ZHSA—FM_TBRAMH _tE REASTHANE_FR(AA), B—F

ZJERE(B-B)YIZ _M(CC), t HEEMNRNBE R p, AR SH.
Xo=+r+r)/ (1 +ri+ry-2rp) (10)
M, =(r\Ma+ rsMyg + Mc - 2r1pMHzo)/(1 +ri+ry,—2rp) (11D

1.2 REBEBRERY X, #0 M, HiELit AR

EERN B A4 DALY B &R E B R S, B AR5 R BT B
MEB R MIF MBIV RE . AL, oL BRI B T A5 R ER R . i hy
B (2) % s Rtk e P HERR, RV (2) R UE S, R — 2 M, Rl
B TEMEH BT ES—A, B URH X, 5 M, NEHITHTR.
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1.2.1 SHANFER__THA—MF -8 B AR TRAORESRNEENp,
HRZHNC A BRI o, WHE T TEEA N.=(Ag+ By + Cy)/2-(Ag + By)
p-e  FHBITTHEN No=(Ap+ By + Cy)/2— ¢, WUl
X, =No/N,= (Ag+ Bo+ Co —2e)/[Ag+ By + Co — 2(Ag + Bo)p — 2e] (12)
M, =[A¢Mp + BoMy + CoMc — 2(Aq + Bo) PMyo — 2eMc]/
[Ag + Bo + Co — 2(Aq + By)p — 2¢] (13)
S q=HEBREN L _BMERE/ MG Z B EIRE =2/ Co, MR (12)F1(13) 5371
h:
X :(1+r1+r2—q)/[1+r1+r2—q—2(r1+r2)p] (14)
M, =[riMs+ Mg+ (1 —g)Mc—2(r; + rz)PMHIo]/

[(1+r +r;—g=2(r, + r)pl (15)
1.2.2 ZHAR—FH xBTS RKE  RRERNEEYp, R EAH
ﬁ—)ﬁﬁﬁ‘]@d\ﬁﬁ%”ﬁ | M oeq, & (11—231/(:0. qg= Zez/co, ng"%
Xo=(l+rtr-—qg-@)/A+r+rn-qg -q-2rp) (16)
M, =(riMy+ r;Mg+ Mc~ qiMg — q:Mc = 211 pMy10)/

(t+ri+ry—q—q -2rp) (17)

2 =44 PET #EEE X, f M, 893St it G EIL

MR BREH %EE R AR, TET &R LR LR LR,

R (4) AR U ZIERCHERR, ML SR AR i 2 R AF T3, (BRI R 454 T O
EEM. WM ART RE, GREXNRERME. RULZRELGSME SRV, T
The L EREEREMERY -42FK, EEEHSTFHREHEERST -4

R (Sa) FI(5b) : LR (Sa) Az B Z. 45 i B4 T 1, 4R S8 & #E (5b) Y S R 1 78, 4
FNZHBRES BT . KN (Sa) MM ERRS KN ()R, TR A R
(5a)FI(Sb) FFARAN,

IZFE(32) (3b)F1(3c) : R B (3b)MEK R B ERMA T HAHR D, Y (3a) 1
G)AEMEBRHNAERMNS FEEL EFEGaMG)ERT RE, IHBRRAR N
(4).

BARAMRER N . FHEIRRNFAEwRERNERN) FREL. & FHER
R A R ) BRAR S B8 M ok B JE B RS, BT LABRAL R R RT A R R

f P LR R, ERL T RS R N R SR R R RO . ZE HRAR
AR A B TR, B R A B E RN KA R B REOUT SR B I AR B
TN LA HEBR MK BT R 0 E R 4 FHOR D . R HEE KA 2 R BRI
MEZ - BEEREZ LSRN £ A LI TRENE £ 71 5 8t E NS EEREH
BHEH B K Z B &)
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2.1 BUMERFRD X, M, HEGLEITNSE
B X, FREMA0)E M, FROMAH#TEE, NBIHE S EH
.
Xo=(l+ri+r- YA +ri+r-f) (18)
M, =(riMy+ rsMg + M - SiMuo = foMoncno)/(L+ 7o+ rp = £1) (19)
2.2 HBRHPEBRESH X, 71 M, WESCITRAE
KT R(14) .(15) . (16) M7 BT IE, BRI ERTFEF RS Y

Xo=(l+ri+ro—qg-fi)/(Q+ri+r-q-f) (20)
M, =(r\Ms+ r;My + Mc - gM - FiMyo = f2Mon cvo)/
A+ri+rm-qg-f1) (21)
Xe=Q+ri+r~gq-qg-f)/(1+r+r- 91~ a2~ f1) (22)
M, =(riMa+ ;Mg + Mc - ¢\ Mg - g;Mc - f1iMuo — f2Mey cro)/
(Q+ri+ry-q1-q:- f1) (23)
3 g

3.1 MrFHREENET

EEREFBROBIP, RRERN M TR KN ZBURERH BB RN —
BRESE LWL, MEFR LR REFENIREEY H, B/ NS TYRBRZ & H
B AT FIERE A R(8) ~ (11)M(14)~(17), H FHEEMBER » flq, REM E KM
R B, KA ZRER R FMREN TSR LW IG5k F 8K
ARYKETHEREGYN S TE FENEED FTAANR X, -1 WESYA T, B
M MRAHFEN T HEROITER, FRFEERE X, I M, €. B TFTERHE
HREMDFERK, “HEARHARSY S FUETEERER X, 8 M, 995 X, X
H_MBRNFERSE X A M, 9HEERRE. S ERERHE, I FR(4) ~
AT g, q M g HITBE, IENERSUTREN —BE, LUTHFBE S0 R
BRI (RO B H) 5GBS RE T HREN ¢, 9, M g,. |
BRI TE R R A B SH Y A B IE ik, 3 T AR AL R (20) ~ (23) R EEE L 3t
TR R(18) ~(23), MEAHMBRER £, F £, BEMNSHRYAMZBE, X8
REYPKNIBHRESTEXRE BN HES B TRERES SRS R, Bl
R R W2 R AR K Z B R, LSRR A B KR Z RS Y BE AR 3 (R AE I R HE
BREVEZ M) S8 Z M BEREZ KA HIEXL £, M £, MEEE.
3.2 RELItHFES Carothers HI2001T M

EREREIRRY, A5 PET BB X, T H Carothers F B, R 2) %

X.=2/(2- pf) (24)

(f AEMR NN &R TAEEE, p YVESRERENRNEE).
BRAFI AR B—REN-HADVIME IR BE_PBHZ B &
ARG RENERA B RN Z R RE S H a b.c Me(a+b<c), B
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B BEMERNBHRELREBEDFN po M pys BB AN ZHSH R HXEZ
W, 9 BN L R, B A A 0 6 B R B0R0 4 B T BRHEBR 04 A R Y BE AR B A
ap, bic, e Moegla; + 0,<c)), BLBEHERGIBEMZERNBEES A p1 M p,
HFEZXRTER, ARRFRYAREEY H X, HEXHEFBIHENGERSH
Carothers A EHEMHNERMHE . FRYUM X, 0 M (a+b+ )/ [atb+c-2(a+t
B)p fl(a+ b+ o) (art byt ey —2a,0)) MEPR X, 38K (a+b+c-e)/[a+
btc—e—2a+tb)p, 1M (a +b,tcy—ey—e)/(a, +b+cy—ey—ey—2a:p3). B
A RIACALEE T 8BS Carothers HRBITHSERTEHA. MAFE(9).(11).(15)
RMANFAHNEZHHEE EABRERFREYHERYY M, i, (HiBid Carothers 712
F¥iHE M, REEAE.
3.3 WIER
EREBBIRN, T HLRBEEY, K X, itaraitiy

}_fn= (1+ r)/(l+r—2rp) (25)
AF r=N/NSUN,, N, 5 ES BERER « M BERD b WEEH) . p Haly
ERBE HTREMOAOTH r, IHE RN _—HIBRERAFEONTEF R

Xo= U+ r)/ A+ r—2rp) (26)
BHFEADMOE)HE) r, 7l ¢, WHEZE, MER AN FRESCREEVNITEFR
Xn =(1+ rl—Ze/CO)/(l'f‘r1—2r1p—28/60) (27)

MF_HSREEZERY, B THEMBHRR T 0 B MY THET K
YHRGRL, FRQHFEEENAH. B EFHE L .4 r=N,/(Ny-2¢), r; =N,/
Ny, AR (25)3H

X, =1+ ri—2e/N)/ (1 +ry=2r p—-2e/Ny) (28)

ZiR(26)5(25), D FOFEAMA. AR, AXHHERAMERLTE R
AN F Ao BELER.

WEXBL X, MM HHEFBRNREMFEHTE YR TR@Y=H4U Ef
EHSHERE X, 1M, MiTHEFE.
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THE CALCULATION EQUATIONS FOR NUMBER AVERAGE DEGREE
OF POLYMERIZATION AND NUMBER AVERAGE MOLECULAR
WEIGHTS OF TRICOMPONENT COPOLYESTER

ZHU Qingsong, WANG Lisheng, LI Qianshu
( College of Chemical Engineering and Materials Science, Beijing Institute of Technology, Beifing 100081)

Abstract In the synthesis of tricomponent poly (ethylene terephthalate) copolyesters
through the direct esterification route, in order to control process of production to obtain the
desired molecular weights of polymers, the simplified and nonsimplified calculation equations
for the number average degree of polymerization X, and the number average molecular
weights M, of oligomers and polycondensates were given, respectively. The calculation
equations, derived on the basis of reaction mechanism and technological characteristics, relate
X . and M, to the extent of reaction of carboxyl groups and the amounts of small molecules
produced. The various main reactions and important side reactions were all considered for the
nonsimplified calculation equations, but for the simplified calculation equations, the various
side reactions were neglected. The simplified X, calculation equations were compared with
carothers equation by calculation, the results are the same. Applied to the dicomponent
polyester systems, the simplified X, equations are the same as that used conventionally for
the dicomponent linear polycondensates. The simplified and nonsimplified calculation
equations for X, and M, of tricomponent poly(ethylene terephthalate) copolyesters can be
extended and applied to the dicomponent polyester systems and multicomponent copolyester
systems over three components.

Key words Number average degree of polymerization, Number average molecular weight,

Calculation equation, Tricomponent copolyester



