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Fig. 1 TR spectra of HDI (a) and the polyisocyanurate product {b)

Fig. 2 'H-NMR spectrum of the polyisocyanurate solution in CDCl,

Table 1  Assignment of IR spectra of HDI and its trimer

HDI Diisocyanate trimer
Peak{em™") Strength Assignment Peak(cm ') Strength Assignment
2930 S, Second Vas CH,? 3310 W V N—H
2850 Vs CH, 2960 S, Forth Vas CH,
2255 VS, First Vs NCol! 2930 Vas CH,!"
2850 ¥s CH,
2255 VS, First Vs NCOP!
1460 M 8, CH, 1720 ~ 1690 VS, Second Isocyanurate group of
diisocyanate trimer’*!
1540 M V—N—H"
1450 V5, Third 8, CH; . The ring vibration of
diisocyanate trimer' )
1360 M, Farth V8 N—C=0 1365 M V8 N=C~0

VS:very strong; 5: strong; M: middle; W: weak; VW : very weaks Vas: asymmetric streching vibration; ¥s: symmetric streching vibration; V: streching

vibration ; 8, : symmetry bending vibration

2.2 1D-NMR %

B2 B ss o4 HDI 8 B =% 5 H-NMR
HE2F 83.15~4.452HM S HBRESHEM
HH e LA THAMR, M 51.3~2.0 58N
y PRI FE RS . 87.26 2 CDCL AR
fEiy CHCL, ¥ .68.52.8.95 W/ BRB S AN
TREMNERT.

HDI B % ™ 97 89 BUF% 1148 % /R I ° C-NMR %
W 3 BT, i W 5 B ¥ 7 SRR X T IX AN s
BB X A TR K 5121.46 B 42 FRBRREE
BOARY REXPHT AT EE, L,
S148.58 AEM RAEN=RREKMAE P HNXE
B0 TRAEAREN. 6 THERKN BT
W xR, (R A A R RCRON i, H W
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Fig. 3 The "> C-NMR spectrum of the polyisocyanurate solution in
CDLl,
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Fig. 4 'H-'H 2D COSY of the polyisocyanurate solution in CDCly
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Table 2 Relative peak area of " C-NMR spectrum for polyisocyunrate in
CDcl, A
Shift & Relativepeak ares Shift & Relativepeak area 1
25.27 ~ 2587 46.6 4234 ~ 42 45 32.4
26.68 1.2 43,24 2.5 100
27.20 15.7 63.58 ~ 63.89 1.2 i
27.96 - 28.58 4.9 121.46 18.8
29.01 ~ 29.15 7.0 148.58 14.8 — 1120
29.90 0.8 153.60 1.7 o
30.37 - 30.65 9.2 153.91 0.4 140
32.00 0.5 154.36 0.4
35.09 ~ 39.70 1.8 155.44 2.2
40.06 4.5 155.93 2.8 160
41,62 1.8 165.29 0.3 1
13180
1 1 1 1 1
Table 3 Relative peak area of ' H-NMR spectrum for polyisocyunrate in 45 4.0 35 3.0 25
coel, )
Shift Relative peak area  Shift & Relative peak ares Fig. 5 "C-'H 2D HMBC of the polyisocyanurate solution in CDCly
1.30~1.50 29.2 3.45 1.0
1.50~1.85 28.2 3.60~3.70 2.8
3.25 1.4 3.86 9.8
1.27 1.0 4.45 1.0 A L “ h
3.29~3.32 13.0 8.52 0.5

2.3.2 “C-'H HMBC 2 #7 #£" C-'"H HMBC B
F LS, RKENRSESIENRHEREX
g, 012146 EEKYE 3.20 ~3.32 X, iRH
83.29~3.32 RE N=C=0HRHEMN « L
[, .5148.58 BAEBR 5 53.86 %, 59 83.86
ESZBAKHEEN LW . XFMAHXE
REBEX, EANHEXEREIEYES, EHE &
HA.S153.60 MEB S §3.27 €/ F %,
S153.60 HE TEEF M (B MRER,
83.27 AEm T S EHERM A T.5153.91 3k &
5 3. 70 AR T HIK, 8153.91 HER T4
BROEHVIDMRER,3.70R52HENER
T .0154.36 B RS 54.45 EEFHXK,5154.36
HETHREVERE(GEHB V) PREERE, 54.45
HEFSZHEMNER T S155.4 RERKS
83.60 BT H%£,6155.44 HE T4 — R (G
VORISR, 03.60 HRASZHAENER T.
815593 ¥REMK Y 83.25 S FH%,8155.93 A
BETRAKRGZGHN)MKER, 3.2 HENS
ZHIER SR T.5165.29 BIEK Y 63.45 £/&
THX, 616529 HERABREN BB (LR V)T
BRIk E,03.45 AR A S ZHEMEEF.

2.3.3 “C-"H HMQC 4347 #"C-'H HMQC %
H(EH6),83.27~332 ME 5 s42.43 BBk IE
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Fig. 6 "C-"H 2D HMQC of the polyisocyanurate solution in CDCly

3I0ME L s42.44 WP BRI BLHI G 3R BB
H363.25 FE 5 540.06 K Fh ok i BRI E i, 58
FEH =;83.45 A5 639.48 B9 fh Bk i ML A %
SR E R 04.45 MR 5 663.58 ARk & B
HIXEE SRS, 563.58 HE NS EH F BEs
BHEN L KNG, 04.45 BH N K% L
BB FFUMYC'HHMQOC P E X, (it h s
LoDV VI EHhs NHEERPE LW
BFE.LUESNV . M&MFS NHEENHHKLE
RO T M 5 0 M TP R A R R 1Y
XA FEN « BrMBEEBAZ LA EHEE:
[5(3.27 ~3.32) + 5(3.60) + §(3.70) + §
(3.86)]:[5(3.25) + $(3.45)]1=6.1/1.0
MERFMBHEEBRE: 5(41.62~43.24): 8



LRt FEHF,6AEFE_RRMEQR™ONSHRIT 323

(39.09 ~ 40.06) =6.1/1.0
WA T 5reE, A X 5 R E 7 .

BC-'H HMQC #% #, 51.62.1.65.1.56.1.46,
175 A4 95 630.65.27.20.29.15. 30.37,
RNOOMIERREJMHE, BAFTEHFESH 5%
Sl XSHpRENERITENRBREN AT
(%)X F 19.3,.15.7.7.0.0.9.0.5, 7 Lk 5
MRREHNESER(%)ED g EiHHE, KK
£15.0,10.0,3.0.0.3.0.2 55 TFEMIH A
PIHIE B 8 630.65 BEW I Mk, 827.20 B
EWITR TR, 529. 15 BREWN ZimVIAESH
B TEHR, 530.36 BREHW VT, §32.00 B4
I eI TR,

HFAB 51.40 5 825.52 M 2%,61.37 5

825.82.26.68 X, K BH §25.52.25.82.26.68 &
Y BRHL 2R o BB B Y BRI E BLZ I
B1:1:1, AEWAREERN .
234 HFBPOREH i F §3.25.3.27.
3.29 ~3.32.3.45.3.60.3.70.3.86.4.45 {9 ¥ J| &
o il FEBHTMR.51.62 R 1.65 & gk EH
2.61.40 B 137 MR FHER ¥ ik E#
el -3

83.20~3. N REN=C=0(&EW[IPHE
HWEM « R EME. 03.86 BE=REF(4EH
IHEEMN « RENS.83.27 AR TSEHIR
HERNERT.03.70 258 WAMBHEER
AET .44 HRTEESHINEENERT
HERBEF LHEEF.03.60 AR A 55
VHEMNERF.63.25 AB A SEMIVHIER
HIEF.63.45 BE A S B VIPRRERIEMERN
AEF.

iR EHE 525.27 ~ 26.68 X ¥ BRI,
§27.20~32.00 5 8 B(¥, 539.09 ~43.24 7 «
B . 563.58 HREFLFIH L M5 NCO R RE
R B AR S AT SR E kg

S121.46 BURBRBKIAR T4 1 H#.5148.58
HETFEHIMEER. J153.600 HBFER
MR, 5153.91 AR T 456 i 0 & 28,
815436 HEFTEAWVMPHEERE,SI155.4 0R
FHEMV RS, 6155.93 1T /R F &5 IV g9 B
EBk,5165.29 MB K& VI IRB R
2.4 BEFHSHNERBE

REX2MEITLUHE GRS P NCO
EAMESER, T

Creo{% ) = (Snco X Muco)! D, (M; x S,)

A, Swo HRTMBREE, My, W R
BEAKLXE,S AR T EAKBES, M A H
RLAEE AR BT, B BRI

Cuco (%) =[5(121.46) x My 1/1S(121.46) x

Muca + S(148.58) x My +
$(155.93)/2 x Myucomm + S(155.44) x
Nonconconn + S(153.60) x Myco0 +
5(153.91) + My, + 5(154.36) x

Muuco + S(165.29) x My + LS(C,) +
S(Cp) + S(C) 1 x Moy | = 20.9%

ARBERETR WA

Coo (%) =15(3.29 ~ 3.32) x Myol/

18(3.29 ~ 3.32) x My, + 5(3.86) x
Myco + S(3.25)/2 x Mygeonn +
S(3.60)/2 x Muuconcom + S{3.27) x
Muucoo + S5(3.70) + My +

5(4.45) x Myuco + 5(3.45) x Myeoo +
[5(C,) + S(Cp) + S(C) ] x Moy

=21.5%
BN EW UBEERERITE NCOWE SR
B
Crco{mol%) = S(121.46)/[ S(121.46) +
5(148.58) + S(155.93) +
5(155.44) + S(153.60) +
S5(153.91) + S(154.36) +
5(165.29)] = 0.4546
Cuco (%) = Cuo(mol% ) x 42 x 2/168.2
=22.7%
oAb R LGAS R R E /MR HDI AR ™Y
WRESH TR P EREMNS T/ .
JLEMR:(1) RASHT FHAME #5241 H
ErYEREM—Ro TR M CEREENF®
TR OB MRS FERKIRDAS
PR EHRE ;ORI HIT TPEHR
a TERERREBREE. D MREEZ. T E _K
BE . IDAVBE _REE . c "HEPRERE ¢
MR IR RE A DR PR AR

HERKIETITE:
SINCOYS(ZRERFMEE) = fle (1)
S(NCO)/S(BRIE) = f/b (2)
S(NCO)/ S(H —RBE) = fic (3)
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S(NCOYS(E_RkE) = fid (4)
S(NCOMS(HEPRMEKE) = fle  (5)
SINCO)/S(MEPRERERE) = fig
(6)
S(NCOY/ S(EMRBERERE) = f/h
(7
HFHPEERIIT=ZREREREKE. 4T
MEEBEMN LA, WREITSFFRERT o« ©
SRAREREKE NET S FHERER 2+
a3 WETHFERVAERL « TREE , HASE
R 1 MREE, S FHEREARE, TGt 4
THERER 2+ eB+xx0; 7 FHBEH2 D
W ORRE . REHR 1 MREE AN FHTE
fEEm L~ RET S FHIRIRESHE
HDI A FREER T v 58 _Rk®E, WaEits
FREREEN 2+ a3+ (x-9/2) x0+y/2;HTF
SFHEERLINE RERE, P THERE
a2 44 R ESgm L A, Frhin R st
STPESF _RESES K YT HDI R ME R
TAMRB_REE NG T2 THEREEN 2
+al3+ (x—y/2) x0+ y/2+ d; MBE 5T
B FHREARBESEAR PO BRMBELL
(BH2MERE ) RNER 2 MEEVREERE,
STHEEREAT MERT m T EEPRER
B GEH  FRERERN 2+ 6/3+ (5 -
yR)x0+y2+d+{(m/2) xEHEHPE o K
EFMREBEES 2 FRRERS 5 SBREEA R, B
BREFTREREE NBEREEEL o 1,
FAETPEEERL n > MEEEHW o 2,6
LIRSt 2 FRI BN 2+ /3 + (2 - y/2)
x0+y/2+d+[(m-n)2]x0+n. BI5HEEH
RTHREH a3 T ZRERFEREKRE, (2 - y/2)
ARERE,y T _REE, 4D E R,
m-n THBEHRERE, n THREFREERK
.0 TREPRAERKE B4,
b=x—-y25¢c=y5e=m-n; g="h=n
EEREENR.
f=2+al3+{(x-y2)x0+y2+d+
[(m-n)2]x0+n

=2+ a3+ cl2+d+g (8)
M, = My x flCheo(%)

=42 x flCno(% ) (9)

BEX) ~R(DATLUH ab.cde.g Ml

R¥RL S RBGCRAKXB)RL FHEHAAK

(D ~FXMARKE a.b.c.d.e.g HhL ARFHET
AOOREEHFTFREM,.

MR, 7] LAR 48 S5 0 e m Bk T B O 8
STFRAERE - REEPRMEFTI4EM],
Mgt FH-FHEREE R 2, MRLKH 0 7P
R 1 -25H 0, W E 68 B b LLATSE n 1/3 4, B
LB Sit 4 FHERp MWD, &itGT
MEREEEN 2+ p3 KA THERR ¢ T
M, MeEteEAE(Z R’ g4 TERE
H2+pB+gx0:HH G TERBREDLITHH
N, BREHART: Mo THIEER 141
V. EREHRHEM A, BRI TR £ M
VLR AHIH G THERES LN 2+ p/3+¢x0
+ kI EGT TR 18V, 0 5 wOaE A
EWL 1A AEPREREEL 11, BEERY
mAE& G TR s MERVL, ST 2T
BEREER2+p3+(g-s)x0+k2+s. TG
Mg FHPRER pRITERIL,q-5s MW
M.k ANERV,s T8BV.BR pog.k.s AT L
i T ARG

fip =8,./(8,./3) (10)

flg =581,/8,. (11)

flk =8, .0(8y,12) (12)

fls =8../8y. (13)
it FRERERN:

f=2+p+(g-5s)x0+k+s (14)

Table 4  Isocyanate content, average function degree and M, of
polyisocyanurate
Caleulated value
Parameters Experimental value
Be 'H
NCO% 20.2 20.9 21.5
M, 618.8 624.1 632.0
f 3.0 3.1 3.2

A (10) ~ (13) A pogk.s HEf BIR
BLOARARL(4)BIATR T F AR\ (9)TRE
M, HBEERERLE4NF4FALAEL,HEHAE
L5 5 58 W 45 A {H 3F 0 AR

SR ARRANEARE 1,6-NTEH
E-RFABERARI=DRE=RRAKEE,.
EFA-RERERE FEEBHE ARSI ARE
AHPHMEE METRERL BAAKRE. SR
E —BBEEEN _SfFUBEXIESHE 7
ek, —FN—C=08 . #z T &L 8 AR
BAEHRS THEERN BLEMER R
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CHARACTERIZATION OF POLYISOCYANURATE MADE FROM
HEXAMETHYLENE DIISOCYANATE

SONG Chunmei, WANG Dening
( The Institute of Mazerial Science and Engineering , East China University of Science and Technology , Shanghai 200237)
PAN Tieying, SHI Xinmei, SHA Huixin
( The Center of Analysis, East China University of Science and Technology , Shanghai  200237)

Abstract Isocyanurate made from HDI by using potassium acetate as catalyst was synthesized and characterized by
IR and NMR('H,"”C,"'H-'H COSY,"”C-'H HMQC, " C-'H HMBC) . The peaks at$3.29 ~ 3.32,43.86,83.27,
§3.70,54.45,83.25 and 83.45 of the ' H-NMR spectrum were attributed to the hydrogen proton on the a carbon
atom connected with the nitrogen atom of N—C==0 ,the hydrogen proton on the a carbon of the HDI trimer, the
hydrogen proton on the carbon connected with the nitrogen of urethane, the hydrogen proton on the a carbon of
biurea , the hydrogen proton on the carbon connected with the oxygen atom of the carbonyl group of ureido-formate,
the hydrogen proton connected with biurea , the hydrogen proton connected with substituted urea, the hydrogen proton
connected with the urea carbonyl group of ureido-formate, respectively. The peaks at §121.46,5148.58,5153.60,
8153.91,8154.36,5155.44,8155.93,8165.29 of the BC-NMR spectra belonged to the double bonded carbon of

N=C=0 , the carbon on the carbonyl group of the HDI trimer, the carbon on carbonyl of urethane, carbon on the
carbonyl of dual-biurea, the carbony! of the ureido-formate, the carbon of the carbonyl of biurea, the carbon on the
carbonyl of substituted urea, and the carbon on the carbonyl of ureido-formate . The results showed that the main
product of HDI self-polymerization was its trimer, isocyanurate . Isocyanurate and isocyanate groups were the main
groups in the trimer. Urethane, urethaneurea, urea, biurea groups were also detected in little amount. 1D and 2D
NMR could differentiate seven soris of carbonyl groups and one N=—C=—0 group, and establish the connections of all
carbon and hydrogen atoms of mixed structures that originated from eight different substitutions . The content of NCO
groups was derived from the results of the NMR characterization, it was about 21% . By using the statistical method,
the average molecular weight and functionality of the trimerization product were calculated as well, they are 624 ~
632 and 3.1 ~ 3.2, respectively . The consistence of the calculated values of isocyanate content, mean functionality
and mean molecular weight with the experimental values(20% ,3 and 618) demonstrated the correctness of structure
characterization .

Key words Hexamethylenediisocyanate{ HDI) , Trimerization, NMR analysis, IR analysis, Isocyanurate



