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The DSC Study on the Reaction Mechanism
of Isocyanate with Cellulose
Gao Zhenhua Gu Jiyou Li Zhiguo
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Abstract: The paper studied the reaction mechanism of isocyanate with cellulose containing different MC by DSC
analysis of isothermal scanning and temperature-increased scanning. The isothermal DSC analysis showed that the
Ruleless Coring Mechanism, Diffusion Mechanism and Phase Interface Mechanism would control the reaction of
isocyanate and cellulose with different MC. The key effects of complicated mechanism rest with water transference and
fast reaction of isocyanate and water. A mechanism function that will describe ideally the temperature-increased reaction
of isocyanate and cellulose with different MC was brought forward.
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1.1 LRSS

SCIG I EEE R, AR IENE, GC 4li, 4% [F Merck-Schuchardt; A Tl (CeH100), Z3#rali,
KRR —) 5 43 (CeH100s)n, A B HBEAGAR %, 5 ARKAR T2EMBL) 5 K IE AR
FI R BREE LIS 5 200 H LR IR A, A6 1H i = sHU A i 1 e 4a x5 K (MC) 2l 9.78% (K.
4.83%F1 0 (41T ); 223 T 21BK.

SN AS . PE-DSC7 B2 P BRI, SEE PerkinElmer A 7]; WL-1 BIGCRIEREEHL, K
FTHLS BER) s S 5 R 25 AN A% S 3 B s 1L
1.2 LTk

h TR RIREG S T4 Zb K 7 /iR, JelC e [ 40 Lol 17.62%01 2K 3k 5 U IR G/ 24 &
BV . =i, BOE MR R R IR S AR SRR AR R RE, BE 5 LIS
H(6-12me)iR AR THIINN, %E, BHRIEET DSC o0 M. fE&Fl i AR R, AL e
RRYET LT 2 1 U (1) 8.81%, KM FIRMNEIL A 2T 4k F ¥R 5L b4k 1:25.

DSC SE50 4 X TR EK BB 4E 55, 40 AT SR SR A4 . S5
WP, IS BRI THE S R O 80°C/min; A& THE I FHR#EF A 25, 5. 7.5, 10
A1 12.5°C/min, BEANSZIG LA E A =il (200CAE4). DSC SE 4 F ik 1.

* 1 RERESAERRINAN DSC XEFH
Tab.1 the DSC conditions of the isocyanate reacted with cellulose

A Ny DSC S8 41 DSC conditions
MC of cellulose SRR (C) THE A4 9 THEL 4 ('C /min)
(%) Isothermal scanning temp. (‘C)  Rate of temp. increasing("C/min)
0 110. 130. 140 25. 5. 75, 10, 125
4.83 110. 120. 130 25. 5. 7.5, 10, 125
9.78 98. 110. 120. 130 5. 75, 10. 125

#2 HREERMNE m 5 R MHLED

Tab.2 the Value m and reaction mechanism of some ordinary solid reactions

T ISINEL E S bR IR m {&
The controlled course of rate M echanism function Valuem
T
AL il o?= ki 0.62

1 dimensional diffusion
YRR [BEAE B RR

2 dimensional diffusion, column symmetry (Lro)In(1-0)+ a =kt 0.57
3 di mensjb:}éj@gffﬁé ﬂgﬁ?ﬁ symmetry [1-(1-0)")? = kt 0.54
3di mmii%l?z;ﬁf%déiﬁrﬁjgmmetry (1-20/3)-(1-0)** = kt 0.57
Ruﬁiﬁ%ﬁg,%ﬂi Eéﬁalt | [-In(1-a)"*] = kt 2.00

RZF ﬁsﬁgﬁ F]g,AX\r/mﬁzz%;. | [-In(1-)"] = kt 3.00
Phase irﬁ?ﬂ%ﬁ&i o Elzﬁrzigmmetry 1- (1-0)"? =kt i1
G RN, BRTERTAR 1 (o)™ = Lo7

Phase interface reaction, sphere symmetry
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1.3 DSC i EHER A #E

o T SCBLRE DSC Zh 240, Wk A4 DSC ik A R N 20 0 SRR G P B % o,
5 [ PerkinElmer 24 71 PE-DSCT 712 s A RS 1 B2 v 51 O 4 2.

F T AR, SR Inin 3BT BT R R HLERFR, LA In[-In(1- o)]XF Int FE, K513 )
BLZR, PO DA SR A SR S 1IN KRR BB Sy B my R mt Stk 2,
Sl S SRR KDL P

In[-In(1- o)] = Ink + m Int (D

X AETHR AR R AT, BT AR AR, RIS I ) S N LB LR R f (o), 1%

TR (2, WIRAVE, BLIN[G(o)/(T-To)l X UT 1EKE, NAFEI—4&HZ, HREN-ER, #HiFE
AR, SEILXTE) ) 2 = HEER K A
G@) _ A 5
In(T-TO) Inb E/(RT) 2

2 R 5118

2.1 FRFMFT KRR S AR & KRR KRR
LR LINAATE, X =P S AR I T Y 208 A TSR A1, s 211055 DSC ik a1 42

30
F0-130°C  =wwweeeeeFO-140°C
LEE, et oo T
3
L TR
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B 1 4T A ERIEE DSC TR
Fig.1 theisothermal DSC spectrum of dry cellulose
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B 2 HKEN 4.83% S ERKIFE DSC HHIE A
Fig.2 theisothermal DSC spectrum of MC4.83% cellulose
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Fig.3 theisothermal DSC spectrum of MC9.78% cellulose

DSC 1 [l v, LA I 15 £ U6 T AR PR R /) 15 1] B T A4 B, it 4 2~ 0 W A R 110 S IR R
Pt T4 s 1A 3L, Bl S B SR R 2SR R LA I ] R U T BRCK
TR T e SN E AR AR B S BepR s (HLRE I RE e, R AR PR AIUE -, Ui W] B AR PR At 45 A
IXHRAT Er S TR NG S N3 g 2 A

S5l DSC i i KL 45 7s Fﬁ%fifﬂ‘? IR TGN, BN AGRER, il 28 AU bR,
WEGEANTF] 5 /KAREF e 3R S UL G T 130°C A5 S MY, S I FRY 28 I ] A 3 ~F I PRI 1D
T YT LTYERTE 80min fiti, S/KFEN 4.83%MLHRTFE 3dmin idy, TRt T5KEN
9.78%IM 2T 4 35 ity 8.5min Jidi. tULE] WL, MRS KA S mUR IR K S N R K, A K9y
G, S U B FERORB PR .

R 3 AAEGKAERS FERERNE Inin HHrikz mE. FKE, BES
Tab.3 Thevalue m, MC, temperature of isocyanate reacted with cellulose by Inln analysis

=0.7033 Int - 0.2780 0.9929 0.703

BOKE FRIRE(C) AL (%) )17 FE Regression Equat.  HMICHRE M AME
MC(%) Scanningtemp. Translating percent (IFTE] Time: t/min) relat. coeffic. Valuem

110 0-100 In[-In(1- o)]= 1.1816 Int - 8.8697  0.9964 1.182

0 130 0-100 In[-In(1- a)]= 1.0372 Int - 7.5200  0.9967 1.037

140 0-100 In[-In(1- o)]= 1.0136 Int - 7.0472 0.9954 1.014

110 0-100 In[-In(1- o)]= 1.2905 Int - 2.3733 0.9976 1291

4.83 120 0-100 In[-In(1- o)]= 1.2841 Int - 2.2677 0.9961 1.284

130 0-100 In[-In(1- o)]= 1.1372 Int - 1.9683 0.9967 1.137

98 0-24.99 In[-In(1- a)]=2.2694 Int - 1.7118 0.9828 2.269

42.40-100 In[-In(1- o)]= 1.1935 Int - 1.3932 0.9993 1194

10 0-30.70 In[-In(1- o)]= 2.8092 Int - 1.2106  0.9773 2.809

9.78 51.23-100 In[-In(1- o)]= 1.1209 Int - 0.8387 0.9937 1121

120 0-38.56 In[-In(1- a)]=2.9721 Int - 1.1784 0.9819 2.972

54.79-100 In[-In(1- o)]= 0.7612 Int - 0.4990  0.9838 0.761

130 0-37.16 In[-In(1- o)]= 2.4695 Int - 0.2099  0.9835 2.470

)

62.71-100  In[-In(1- a

N T AR AFIE DSC 41 BB IU S WURR NG A2 AN 7] 35 KR T gl 2 P 1 S S HLEE, 3 50K 4%
Jike (L FEATIA, PSRRI 3 PR . S wIRNE 5 AN [R5 KA 4T 4E 31 10 I B ALEL I F AR E E
A, SCRN BN I EZ K m b OB ET YR ER S KR AT DAL R I A R DA G, T
FORAYER M E KR

441

PDF S i “pdfFactory Pro™ i RAG]&E www. fineprint.com.cn


http://www.fineprint.com.cn

FRAEAE: M DSCHIFFUR R e 5 2T 4 3% 1 S B LB

AR S 24 T4 2 RNV, OB R VAR REA ARG T, ROV RE AR = FIR Bk 2
KRB, FERIREE S TR RN . SUSAFRM RN, RN %S5 m RN, 1
1.182-1.041 Z [i], Z:MEE 2 AT WL I e SR TG 1) S N Ja T AH LT RO N ATLEE . A AR 4 32 5 R AR
e/ 3R A AN, S B IE 2 B A T 4T 4 Ok KT, B U SRR 5 48T 47 4 2 10 I W
MUBRJE T A0 FE 10 5 M2 A BRI o 38 3 7 [l U= 7 2 (1 #4028 /s 23 5 BRI 0 0 Ink, B 57 e 13t 5 17
Pemi, RINH) 1550 m ORI AR O BOR B, Ul B R N A R T S R e S A
(IO o [T 77 FEFRIAH 5 25 R8T 0.995, 5t IR FH Inln s AE i 1R 73 ) 5 S AL

YR ERRNE S TOKEN 4.83% M A Yk RV, LRV E ST 100°C e ), AR b gy
BIKZ IS M ANER, BEIA R I S m R IR AE 5 £F 4 I N AT, B RESE R K R 2B N . Tl B
FEEIRNE EE S A Y5 RN, B I s R 38 26 HON I Ink I 5 7 EURR NG 15 261 41 4 55 IOV N
FHZEASK, SRR R N S8R EE 5 5 /K % 4.83%2T 4 25 I 46 T 21 4 25 [ W (1033 % L £F 160-660
20, B4 54 4.83% K1, SRURER M R VR 38 5 T 160-660 5447, 1t H 7 &R
B SKRAE T BE RN W RN E %S5 m A 1.14-1.29 2 ), F3R 2, eI 4 5 M (1 HL
AT AR LB RN G BAZ LB ]

KT mRER S & KR4 28 N I TC R R s S ALBR g ANV 28, DRI e iR 45 1 & BT ff
B, AERMEIA TP SRR T REE . M4 22 /K o3 WL YR i A A 3k
KA, 55 5 AR BRI B A AR, EARIR 328 3 4 SR8 OBk (1%), IR IS A7 A0 SR
T AT LR 1 S TR B ¥ 110 EH TG L SAZ ML o 7 B IR /K 2 JR AN 58 4 5 4 4 3 3R TH T 57 R
e N, Sl 4 4 R R M A RN 552, AR, IFS RERER I g tm, H
FEERERIEA HAKSAHE, AR5 F s RN R N, N b5 m RN 5 4 4k 25 10 7 i & Y,
P 8 4 S SR 6V RE S 1A S T s S AL ER Ha ), DRI A 180 5 I LA 1 T e A% AL B R A 7 T
VTR

MEFUE RS KR AL = R 9.78% 0, b R N ALER ARG AR A%, RILA AL [ — 4l AR
[l DSC th&k EHILT MANS) =250 m. 18 5 SRR R i A S BRI mAfL7E 2.26-2.97 2 1], 5%
R H S T m A AE 0.703-1.137 2 (1], 7 —FZ M@ — X . DL 120CH F2 448 % 5 7 J IR
BEAEYE ARG Inln (R, G 4.

2 T[-In(L- o )]= 0.7612Int - 0.499

1| R® = 0.9838 T
o---"C

0 o0

- o‘
£
In[-In(1- « )]=2.9721Int - 1.1784
R?=0.9819

In[-In(1- a)]

-05 0.1 0.7 1.3 1.9 25
Int

B 4 &7KEH 9.78% 4R 5FRRBFE 120°CEHE R M Inin 415 &
Fig.4 theInln regression of MC9.78% cellulose reacted with isocyanate in 120°C

AR 2 TN, KR 9.78% (M £ i 3% 55 S MR IR S N IS S AT YT 11 5 I AL B e TS R
BRAZALEL, 2T )5 W2 BOPL MU i S LR . DY Ok SRR3R S KB, SRR IR K 41 Ab
PHOF 5 57 R IR BN A F RO, I I T A 1) 57 38R i s - A LB o 81 77 e i 341,
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HE MR E S AR AREA D S H LRI SRS

S TR T 1A G R R 55 7 SO SR KK 7 JEHGRAE R i (140°C) I, DK 209 THod 4
PRI REE s 2 I N AR (98°C) I, S iU I g 7 (1 S I A< AH A1, 31 e i 437K
AT T I R, T RN S AU, IS LB AR J i S AL

LR EPTIE, 1 YRR A A AR R G L 7K S BEAR BRI A 5 SR 1 5 I AT B AR 45 52 2 RO AR A Jit
D, IR FRAEAS AT R Wi SRR IR 55 5 K 2T Y IR S LR 22 FERE (R OGBE DR Ik S BT 5 3 ik o)
TR B R 3R —— & K R RNR S DIAH G o X EE =N E R BN, SR IR e I 2 A Bt 5
JRK A IE I G SE I, 3K R S R INE L 7K S N AR AR LI 2R A SR S N R AR 22, 480K
P73 R i K A A U o

2.2 RAFHREERT R ERE-S AR S KRT 4R KR MRS

DSC )45 38 THfi 1 R 1 A4 28 A\ 330 LA — 52 (R THELE A< T T, THE RN TR A, R
WA 55 AN TR 35 K R 2T 4 3R AR AN TR R B AR L 170 5 M S PR i S I 1 DAL 3 7K 4 T A AT P
FEANBTI A AL, DR TS558 T DSC % 5 mURR IR 55 AN 7] 35 7K 4 21 4k 38 S MR 08 BN A2 2%
LR LI, X =M AR 2T Y 5 AT S TR T4, B/ 21K DSC il K sl 5 %218 7,

F0-2.5

Heat Flow(mW)

75 107 139 171 203 235
Temp.(C)

B 5 R 54T A RERKSEIE DSC F#% &
Fig.5 thetemp. increasing DSC spectrum of dry cellulose

F1-2.5  wrovmconcccen F1-5 F1-7.5
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E WW“““M*%;;;‘;\\H d ﬁ‘ﬁ
Bt i

Wﬁﬁ
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Temp.('C)

B 6 HKEN 4.83% FERKFEIHE DSC A% &
Fig.6 thetemp. increasing DSC spectrum of M C4.83% cellulose
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Heat Flow(mWw)

50 70 90 110 130 150
Temp.(C)

B 7 SKEN 9.78% HFFERKFHETHNE DSC HEEE
Fig.7 thetemp. increasing DSC spectrum of MC9.78% cellulose

T PSRBT H TG DSC 1 FIHLEE , St S 4k 5 e 2 W& BLRGAR 5 mURR IS 15 2T 4 45 7T
Uk S I F A VLR B B F (o) BRIL A 38 G(ar) o ATE SC 45 & W12 A5 VA 20 ) 45 Fifv i T L EE bR 50
B, RN 903, e e BEARMLEE B8 0 0 2 G(0) . SR TSI DSC 5T £ ], 9
PRI 55 AN [R] £ 7K 6 2T 4 32 110 S A AE 2 R /E I HLEE, R b 3 — RO ML R BT 0 0k AR P BB
S F BT TE S R I I A7 A TV F LB, DRI E i S T4 SR T WL iR Bl =, 3
Hs M, AR R (3) RMHLEE RS, & Bt RN iR 5 U RS 5 A [ 5 K % 2 4 210
8 L IR P FRL L

MAMHLEBMER:  Go)=[1- 1-a)] n=1. /2. 1/3

SRR RS AN A5 KR 2F
UM TSR Gla) = [1- (1 )™ (3

Y5 AN R) T i 3 230 R 5 7K 6 2 2 35 S AT B AN [F) I 20 A R 4 O R () AT DA, &5 3
WK A PR, g R, SRNG5S AR S K KA 4 2570 O HE N 0 S B aT U 5 FE (3D
LA, BRI RS RREKT 0.93, 45 K2 HtE 0.977 LU L. U&7 RN X AT 48
R T7 R HAH S LB FEAR L, DR e s Sl iR i A v, R RR NG S A 4 5 N B
AR ®] . WA, FTRETRE D 5iEEE E XR N D = E/IR, R HE AW £, Kk
WL PR FERTLUE Y, B 425 S KRN, SRE R H K. X TAT4r4Es, RN
TEALAEZ N 67.1-71.8kImol, & /K HE N 4.83%IM£T4E 549 56.7-62.4 kdimol, 7 7K#% > 9.78%f)
IR 2k 45.1-54.2 kJmol. {£ 4.9 [HHFFT 1S S SRR IG5 /K 38 A0 BN B 1R 96 AL BEZ 4 40.56
kJmol. SERIREES & KH A 9.78%LT 4 2 [ . I (135 4k e C B2 S AH I (TG L g, Ui IRl A 4T
YR g N, SRR S K R N EL R E G I, S KR F] 9.78% L B, KE A 1)
SRNG5S KR .

FIA ST DSC i BT, EAH R I THER R R, MR RS ACR I N, SRR
Pie 5 AR K 73 27 4 38 I N B i A AR B (IR D) B At . X T4 4745, IR INe
UG RN I FE B T 105 C LA b, e A3 2545 135°C LA EA I, 1% /K ik 3] 9.78%1
16 55°CH i TP UR I Y, S SR TG #% AL R 7E 100°C R Ji ik B B K (X 5K 3 5 —20), T 140°C A
i S EIR BRI A g VAL, ML RIS T4 4 B2 A T U N A A, AT B 5 e
K, ML —MBEU, SERIREE LT 255 KA 2 I B e 5K R AR RN
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R 4 ARFEKE %R ERTIREE RN K SEFHE DSC L& b HR

Tab.4 Thetemp. increasing DSC regression of isocyanate reacted with cellulose

THEESR W R AL

Mooy Tompde  Pekstat Pakvae UL TEESEINE AR

(’C/min) temp. (C) temp.(C)

25 105.1 134.7 IN[G(0)/(T-Ty)] =-8358.9/ T + 15.034 0.9861

5.0 115.1 158.8 IN[G(0)/(T-Ty)] =-8638.1/ T + 14.450 0.9307

0 7.5 118.3 162.6 IN[G(0)/(T-Tg)] =-8089.3/ T + 13.000 0.9654

10.0 120.0 178.1 IN[G(0)/(T-Tg)] =-8326.7/ T + 12.251 0.9429

125 125.0 198.1 IN[G(a)/(T-Tg)] =-8073.6/ T + 11.538 0.9832

25 76.4 112.4 IN[G(0)/(T-Tg)] =-6824.9/ T + 12.087 0.9769

5.0 90.3 129.7 IN[G(0)/(T-Tg)]=-7020.0/ T + 12.123 0.9978

4.83 7.5 96.9 138.7 IN[G(0)/(T-Tg)] =-7147.9/ T + 12.224 0.9995

10.0 104.7 145.6 IN[G(0)/(T-Tg)]=-7387.3/ T + 12.314 0.9893

125 111.6 152.4 IN[G(0)/(T-Tg)]=-7508.4/ T + 12.452 0.9903

5.0 55.3 934 IN[G(0)/(T-Tg)]=-5424.8/ T + 9.7097 0.9644

078 7.5 62.0 101.3 IN[G(0)/(T-Tg)]=-6267.6/ T + 11.515 0.9813

10.0 65.3 106.6 IN[G(0)/(T-Tg)]=-6239.6/ T + 11.229 0.9869

125 69.0 112.2 IN[G(0)/(T-Tg)]=-6522.6/ T + 11.847 0.9843

VE: AR TodRIE MR SR L, BRI G(a) =1-(1-a)"
Note: the T in regression equation refers to the peak start temperature; function G(a) =1-(1-a)"

3 &g

1) 28 DSC WHFtHizs, X T T 2043 5 5 WUR NG S NEIy S A O S SR I 2 A 1 21 4
FPORIRI, HAMG, SONVALBE FAR RN W TSR R S m wUR N S v I, P&
IKF L RV SR B AR IR, AR BAZ LR . 3 O LB S LB S5 P

2) JKIFIERAR TR S UL MG L 7 s B A B bR A S DR, A S S R Wi B 5 K 2T A R S [
DIREEPNINPS N

3) AFMTHlL DSC WA, i JUR R 55 AN A 5% 7K A 27 4k 31 e I AT DA ] 1 5 kAT ek
CACIVE S v DAL QRN S <P it ek =iy = tiap b T R T4 (e

nﬂzlné- E/(RT)
(T-Ty) b

4) DSC Wi, KRR E/RKFR S m R NE 1) S N R, BEA /K840, S U e v

FEHOIBR, Jf H 25 K03 )
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