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Abstract

Toluene diisocyanate (TDI) is an important organic compound, usually manufactured from tolu-
ene diamine (TDA) as the main raw material through phosgenation. The purification of the phos-
genation products by distillation results in high molecular weight and insoluble waste materials in
quite a large amount. This residue, often called TDI distillery residue, has been an environment
threat and different strategies have been set up for their processing. The most common process
currently employed is its hydrolysis under high pressure and high temperature, which also allows
recovery of TDA in considerable amount. This paper provides a novel and simple process for the
hydrolysis of TDI residue without need for high pressure, and toluene diamine, the important raw
material in the production of TDI, was also recovered at the same time. In this process, TDI residue
was dispersed in either ethylene glycol, triethylene tetramine or their mixture, along with sodium
hydroxide as a catalyst. Heated to the refluxing temperature of the mixture, the hydrolysis was
conducted by refluxing at temperature varied from 140°C to 290°C under atmosphere pressure.
Experimental conditions, including the medium solvent and its amount, reflux time and tempera-
ture as well as the amount of alkali solution for the hydrolysis, were studied, and the hydrolysis
was optimized with regard to the yield of TDA. Under the optimized conditions, a TDA yield of
54.44% based on the residue mass was achieved. This work therefore presents a reliable and fa-
cile process for the hydrolysis of TDI residue. Based on the results, mechanism of the hydrolysis is
proposed.
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H# - RERE(TDDE —FMEENENAEY, FEHFEIZ(TDA)ET S RBRE] & . S
RN ER RS TEARE TKNZRERE, BITDIERMERE. JWREBENEMRLTN,
MIIEERTEAE. HiTREHANRELEFEEREREKE, FANRBEETWEBTDA, AL
A — PRI TDIRE A E F . U2 ZBESE = 2R EE —E R AW REH, USSR
KA, B EKE, EHEMSMNNE BT LI TDIFRE KK @3 Bl W E E T FE R TDA.
SHYHTDAFE R LR &4, MZ_BHE. ZZNEHAE. EEE. SE40MHE U RKER B
AT T B, R4 T KARSEIO %, LA SRR, EMAEMFT, TDAKIEIER R A TDIRRE
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1. 3]

FOR — R EREE(TDI)A 2,4-F1 2,6-F 28 — S JUERER PRl e A, ThES R i 2 A PR e A R KRB0
TDI A ARRANRM B E R, B TH & RABRPOIRERAE . MEA. REm. Rl &gk, W
HF R REIN T gi8Wn T 77 [1]. R Z(TDA)E N % TDI (32 25k DL R il % %
Pkl 5 R 25 h AR BB R R, R 2R

SCHRAF ST TDI A= 10 )5 26 T 2R Ak S W R AL I AN B R — RV [2]-[4]0 RHSL B IE AL LE
AR AE DGR, AT AERI I EACE, A A A RO R I LR 5] 77 B H T DA A = i
ANEEER,  TEEARTIIE AR B i 5 T FF o8 m[2] . BRER — PRV 2 A B BR — H R B RO < 4E 7= TDI
M—Forik, WARR. BAH, M7 IRSIERE 2 Bom. ol T PR A R, RN
PEJT AN QA% 58 77331 [4]

e S A T AE = TDI e 47k, BT REENRIEEMOE RS TDA, A= T AE S, wa&a®RT
K, AF=EREZR, BAEARER. (HHTZME, HER24r TDI FIFZEFVE5] [6]. EHER
2, BT RRREERENRSEY, 555 ARRENI RN, TEf]&Migaiid 2GR £ 8l K
PBLRA . RPN ZENRIE TR G IR 2 B N MR AR, HEERIY NRIRA RS — IR, &/0& TDI
e, WEH DB WREAARSE FERRER A [ 7], FrEe kit 24k, K IF T E ]
A R ) A TR, DABRARTS Yo B e 7 (B Ak

HATXT TDI AL sRAKARIE K, 2009, 2010 A1 2011 4245k TDI F=RE2r Hilik #) 231, 239 Al 302
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Jitla [8], WHAEHERAALKE TDI Z8MEkiE . X S 7 M E SR8, 2B AL Z TDI T K
DASK AR AR it 1) — > B LR

Xf TDI By kAT o i b 27 b 3 R A TR B v AR B 1K — AN &A%, R AT (Bl — 28 F 4k TR 7]
[9]-[13] XFHRIEREAT W ALALEE ] fF AR B TDI AE 7= T 2H[9], thalKs TDI FRiE FBEER(E B 15 T [
il s ZFRAEFIR[10], WAKHE ZRER G — R EIRERR S, 8 AR SR &R 1] 18
B AHBTRE A HLIEAITE 150°C~250°C 1 2~6MPa JE 144 T ALHE, S RHUS B[ K — H IR — 4 H8[12].
78R 5 22 JURE LR NI A L) SR 2, F DA &5 & o g AR 4R 4 255 [ 7] [13]. iX4E T2
B3 2= M IE A &, Ab BRI FR v 75 VR B ), RO s

X TDI B HEAT /K45 2 TDA S AT 8 AR, o2 B RTECh 2 R 777 R INEK .
Bl 4 B R A A KR, B T AR AR, W RE BT K AR AT 433 TDA. {H TDI
ARSI H A B A RESERY, BEEE T KRR TANER, HoKER NS T AN, 14
JRAE RGOS FRNS,  SUEE IRH E N K AR R AR, ORI, — MR A iR s TR N 3T K AR DA G
YRR A 3 AL R B B TDA URE[14]-[18]. A SRR IR K TR LE 0.49 MPa ] 200~400°C [1)id #2875
KA, TDAWLENILR] 35.5% [14], tHAK TDI & A 2% (A2 4% F7E 260~350C Fl— & [ & 77~ H
NaOH 7KiE UK AR, TDA FIRLE 46%~58% [F][15]. AL CERIRIE T 76/ 5 i P AL Hs i, thins
BRHEAE 0.6~16 MPa A1 200°C~320°C FH#E/T /KA, TDA MR W] ik 66% [16]. 7E iR I3 N a4 o 45 R
K B E SV R N, FEMEARFIAETE R T 120°C~250°C il 0.1~5 MPa JE /7 F#k47, ATLLHER IR
RLRA P AR R, 42810845 211 TDA B34 55%~67% [17]. b4k, A e R A A e
T IR 5 AF A A 57 7 R.(280°C ~320°C) 3 i (100~200 AN KD I B I /K K fif R A B AR, il 25 48
15 TDA MU 31| 73%~85% [18].

gr ERTR, BUA T TDI BRIEKMHI % TDA MER, K& E miR s AT, 55 B % R
%, B EAR, BARGELI AL, CLE TR TDI SRE e T IR M B mim i e,
A R B R IRIR 9, 10 S 5 G ).

BT, ASCE RS SR 2 ol 2 oEsOURGMIERBA B, IMANE ALK
TRAE & T IE I A X TOI BRIE AT K AR o 125 T 758 2 A T Kl S BT PE 22 . AR T FH K
B, $ T TDI BRERIKAREEE, SRl TR T X TDA BImEakElfe, BA BENET R
ey

2. SLHERSy
2.1, WIS

L. =20, SEE. Eah. & RSN E E4%ER, AR ZkF); H 2K E
FIRT R T sz A ], 4l 98%. AT /KI5 A28 1Ko BT 25 A AS il 7 RER AEFL(FW100, KT
TR B8 A PR 3 W) ) A 25O 54 (1260 Infinity, 35 22482 7).

22. LR

ASCFTAE ) TDI 72808508 22 T K A FRE  o 1 Sos db 3 3 () B v ) T 7 RE R R ML IEAT M
i H Rk AR AE 200 H A A .

AT 2 —F(EG). =LVI(TETA)EE ~E#HIRGEFNERNA . LLEG {ERMNAFEE, #
43 TDI BRI 1) 60% 5438 EG NN B2 HtREgs . [BIRAEHE MR I I R IR 28 n#k, 4 10
min J5 IR E TR R 100°CHE, BN LRI 40% M 5% HPUE I 2 190°C 22 A ik Rip s . EUbiEE T

X
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PRFEIEIA 1.5 h, 2 5 FERZE LA 10 mL/h (38 5 ) DY FOR R NN IE & TETA, 28J5 LA 5 mL/h B3 in
N\ 58 5 IR 24 50 W% ] NaOH 7K 7 X - NaOH 7K 2 ¥ IR I N A4k 5% 3 58 B %2 160°C o AT 26 I\ NaOH
WFLR T, CRIFFIEIAR 4 he /5 BL 20 mL/h BO3RE AN 40 mL 7K, UMb R R g B = A, K58 e
fEibhngh, BERHUR . RS FE T NaOH /KISRIEARIEA B, RIS SIFE > 5

DL TETA ARG, [RIFERE 7K SR B FH 42350 TDI BRIE 1Y) 60%-5 423 TETA I ZI%E A i
PEgs . [BIRA R BRI CR R A, 29 10 min A AT IR THE E 100°CHE,  FEIIN LA 1) 40%(1)
B NI E 292°C Ay, BEERHR R WEIE . PRIEFEIA 40 min, 5 AIERIZE LA 15 mL/h (38 2 1A DY
FHH N — 5 SR N 50 wit% ) NaOH /K& . 75 IR ik R EIZHT % 2 144°C . WFFIEIMAN
NaOH PG THF, (REFIEIR 6 ho B LA 20 mL/h I GE &R K, R R A B = 4.
KFEEE R i, BREHRE . A ERE T NaOH /KB IEMAE R R b, RWEERIA 5.

2.3. TDA HRIESR4E

HOE BRI KR RS, FALAEN 0.45 pm [PEBE JE LR R AP M piiey, BA5m e, 1§
FH T RO i A AN i I SE A AR 8 P TDA RIVR I . bl iR AN e A5 I8 TDA & &,
I TR AR TDA IS &, KAEF=2E1 TDA S55ERIE I &L e XU TDA 7=,
o AR R SR S DR EL 7/3 B BRI BRI shAl, 3R 1.0 mU/min, 840G
KA 292 nm.

B R S, 50 B I 8RR 25 K MR = e e S e RIR 24 iR, A A AR (. R
TINS5 2 A FE U5 (0 T R A B T 3R AT B AT (MR S A BT = 0 e b : TETA RN 7, EG &
ok 4), HiFESIEFHEZ) 10 min, BEERFLERN 2 pum BRI 38 DB L KR U0 Y, BEsE 0
VB, SRS MLIE I I 2 R E M SR 4 UGHATRRL, B &b E LT RES) 5 min, 28
JEERE 15 min 5. K AEBUR GG Jo i R 2R TR L SRR R B AS Y, SRS X AU AT
TR FRNE, YWEE 120°C/8 mmHg ARITE Sy, B TDA. 40 i 30or i kG il = 0 4l FE AF 95% A2 47, MK
MK FE T2 26107840, TDA WCR NI TDI [E A5 #5572 1) 50%.  — &0 H e Al [BSoR A o

3. B{R5WL
3.1. P EG {ER B9 B SRE R 7K 8

3.1.1. RRAvF EG &% TDA F=RE) M

ARG SR, AP SR A, UL EG IS HET 7 SE50, WIE T TDA K™%, 5L
Ba R 1.

M L RTEVE Y, BE%E EG FIREAIIE I, TDA P HEIZHHI, £ EG MR VKA R 5 A H
K, BEJEBHIEAR. XNAZREF Y EG HI BB/ I TRIE AR 78 WM, 1R RIPOUHE H TRiE AR S
KRN BEE EG HIERIIEIN, FREE MR, WS 5K N RE RSN, TDA P REZ
$Ehne AELL EG NN BT R B SLIs 5 i NI, A Z rh R REL S 2 /b ] (A SR UK 50 VA e o
M EG A RIARIFRE MR 6 i), 4K2E8600 EG H &, TDA “HB5H THE. XFREREN EG K
EAFEE S MR ZRrf NaOH iR FEFEAR, HAEILIEIARSS, FETDA P HIgH T .

3.1.2. TETA BEHEN
IR EAYHRAS N EG I &, [ € EGARE i L A 5 (42 1), (R e 230 &4 A48, A 28 TETA

H TR AT T ARVERIK R SE SR, SR I 2.



PR S5 R T 8 R A o AR T A R i

Table 1. TDA yield with varied EG amount with EG as the solvent
72 1. T EG FE0] TDA Hy=%

EG (9) 32 36 48 58 80 100 120 140
EG/TDI %%t (m/m) 1.6 1.8 24 2.9 4.0 5.0 6.0 7.0
TDA = %(%) 23.50 2541 30.16 31.80 34.18 36.13  35.37 35.05

Table 2. TDA yield with varied TETA amount in EG-TETA mixed solvent
7% 2. EG &%l TETA 25T TDA R0

TETA (g) 0 25 5.0 10.0 15.0
TETA/EG (Wt%) 0 25 5.0 10.0 15.0
TETA/B 7 (m/m) 0 1/8 1/4 12 115

TDA 7 5(%) 34.36 35.06 36.13 36.11 35.96

B2 nf L, 7€ TETA HEA ST EG 115 wtoht, Bi%E TETA FERH I, TDA F=EME T,
Gt TETA HE, TDA F=RERANBEFA FIL. XA FNTE EG I AEHEMIBH T, i
TETA &, FRIEBMAIEIRSIEAZ, PRl Mot s, 4kekidm & R Nk R NaOH &
B, HAEERRIK, SER6E T .

3.1.3. £FEEMNFEIFIEXT TDA F=ERF N

[HE EGIRMRELL A 5, TETABRERELL A 14, FEHERIGEMEARL, o2 NN 5
LR ZR IR T TR BEAT 5206, 45 5 L4 3.

B2 3 AT, BEE IV R EK, TDA P=RIZHIE I, [FI 70 min W R, 53 37.28%, 4k4:
FEK [FTINT ] TDA 77 56 S T AT R A o [ A5 BRI T B 5 A A B 75 B — S N U, TR 5 9 1) ) SiE
K, TDA P25, T TR, A K Ses i f s A i SRR Y. AT %1, TDA R
BAHPERF AR AN, BRAASSPIRIRA Rk, 8] ) KRR R 45 al S (n,  [m]
T K S EUE R TDA 22, 723 R 4.

3.1.4. NaOH FEx} TDA FZEAF NI

W2 EGIHRIE R BN 5, TETABRIERE LA 1/4, EG S5 KA1 18] 70 min, {2284k, NaOH
IV AT 5256 . NaOH 7KW VRF IS4 22 M TR B2 190 C iz FE1IK . NaOH /Kl 4 # i N J5
R REE, AR ERR 2 I R AK R E . NaOH BRI ZEAE, KR E A
UEGERE YN

H< 4 AT 0L, B NaOH AN, TDA 7= 2IZ W N, 4 NaOH/BRE i f Lol 12 B =2 i
kLN NaOH B~ R %, 4R NaOH &= 13 inff NaOH b /E IR &, F=Z3hn. {H NaOH &
WIS 2 A 2 A ZR KK A IR AR B2 A, S EUR MR TR, FERIFERK AR 1] Y TDA F= 2 B K.
T XTEATIRAE, PRIF A FaR Sge 254, AU I NaOH J& /K fig s 6], JUE 1 TDA ()77 Z (42
5). H7 5 AT WL, BEEKMER ALK, TDA FEEIZEHEM, §7 7 h AR KE, e KgEE, =
K 13 h B} TDA 723y 43.32%. IXIUESL T FRAT5E T /KA A6 TDA 72 28 5 0 ¥ ) T o 5 58 21 /K ke ik
7h 5 TDA P38 K18, A FRKARIFR] 7 h NAZA LU 4 5 3 -
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3.2. LA TETA AR N RETEERIKE

3.2.1. TETA HEX TDA P&y

ERZFE A, REFHTEIAMEAL, (AR TETA MM EIATRYE, WE T TDA =R,
IR LK 6,

H 6 AT, BEE TETA HEMBGM, TDA =2 WHEm, 4 TETA H& N 809, Rl TETA/LRER
N 4 NP R R, AT 49.13%, TETA FELEIN TDA PR R &. 5280 EG RFIZEML,
TETA gaﬁi*ﬁnﬁﬁﬁﬂ‘m%réeﬁz %, 25 RMNREREIN, TDA #z&ﬁziﬂﬁm X TETA = E
100 g i}, FREEREE. XA TETA R E M AL FAL R RifA R NaOH & &b, HEAEH PR,

3.2.2. MAEBRERERIIEX TDA =290

[F % /19 R4 TDA 5 K7™ Z BT € 1 TETABR & L (B ORAFIZ LB 4), DRFFHE LR SR AT A
A2, R AN SR K AR R K RN (AT 1 S8R, S5 RBIT4 7.

M4 7 WAL, AEERRATET 30 min BEA N (A A IE R, TDA P2 38K, [ 30 min I 77 3804 215

Table 3. TDA yield of versus reflux time in EG-TETA mixed solvent
7% 3. EG RIFREEIRATEIXT TDA P E7200

[e] 375 BsF 17 (min) 30 50 60 70 80 90 120

TDA 7 #(%) 33.86 34.91 35.29 37.28 36.31 36.13 34.38

Table 4. TDA yield with varied NaOH/residue ratio in EG-TETA mixed solvent
7= 4. EG &% NaOH &R A 23t TDA P H5200

50% NaOH ¥ () 5.0 10 20 30 40
NaOH/TDI %% (m/m) 1/8 1/4 12 3/4 171
KA (C) 177 161 144 136 134
TDA /=3 (%) 34.96 37.28 38.79 34.17 33.81

Table 5. TDA yield versus hydrolysis time in EG-TETA mixed solvent
7 5. EG RIIFREIKARRTEXT TDA A= E%20

KA 1] (h) 2 5 6 7 9 11 12 13

TDA 77 #(%) 31.62 37.21 38.79 39.24 40.83 41.94 42.51 43.32

Table 6. TDA yield with varied TETA amount with TETA as solvent
7 6. [ TETA A2/t TDA M=%

TETA (9) 24 28 36 40 60 80 100
TETA/TDI B (m/m) 12 14 18 2.0 3.0 40 5.0
TDA F= 2 (%) 41.18 46.26 47.23 47.48 48.12 49.13 48.03

Table 7. TDA yield with varied TETA amount with TETA as solvent
F 7. TN[E TETA 28] TDA B~%

(3L [A] (min) 10 20 30 40 50 60 70
TDA 7= 2(%) 42.36 46.39 50.57 49.13 45.17 43.48 41.86
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i, ARSI R A= B RGO B B (VA A T e I (R], R BE A TR R B G, 7 Y
Bl ZEIE R B S2I6 b, 3 — B B I R ik 290°C, it T EG & AISE6 1) 190°C, (K b/E i) TDA
R GHENTAZ T . R KR 30 min J&, FERMFFLE T .

EG Z4556F, EG Fl & NG &K 5 %, B3 70 min B TDA P25 5 A R 5ISL56H, TETA
& B &R 4 £%, 813 30 min i TDA = Z RIS & E, HimT EG RYISLER TDA /=%, it
4b, 1E EG RASLIEHFIEEITINIG, 7R R s ] W g B/ S [ AR R R, /e TETA R4 5sei
fFIEENR NS, R R A WS BRIE AR RE RN, X TETA LT EG X TDI Ry g 58
Uf. XAREREFCH TETA 7 FRIBREHPERE S TRIE AL, W5k BA% A AP /. b4, TETA
FRB S0 1 BRI (290°C)i T EG 256 R 41 (190°C)HAETS TETA R A SLI6 ih ikl A i 52 42,
SR SEEAT BERGH
3.2.3. NaOH FEx} TDA FEEA RN

[l TETABRIE LGN 4, 5RiE 5 TETA IR R 30 min, #8157 NaOH ¥ H &%) TDA 7= 215
Wi, £E NaOH KIEWR AN NGLFE A4 2R IR i 290°CaB i I, W hnse ek RiIBEE €, AR
XA RBEAT FI KR . NaOH WBIMA AR, HKMEEHEAR. W T TDA =R, R IE 8.

28 R, & NaOH FH & 34N, TDA 7= Z5e THEr, 24 NaOH /5kiA it & by 1/2 Iy ik 3] 5 55 50.57%,
b5 TR, 7ELL EG NIEFIFIRFITEH, WS E]Y NaOH/FRE [ & LR 1/2 i TDA P23 fir, X#R
B NaOH AN 53R FH A7 ¢, RS ot L6 B 52

3.2.4. fAXN NaOH Z FRH)7K fERT B %t TDA F=REF M

il TETABRE L N 4, RS TETA FIE A4 30 min, NaOH ¥ HE N 20 g, i 7 NaOH
TIN5 7K st T % TDA P2 3R 5. 25 L4 9.

B2 9 AT, BEAE /KM R RE K, TDA =351, K2 h =3 G, s —E TR
TR NaOH 2§ (1 [ i /2 2 5 /K i B, TETA RAISLIG HH#z s XS Rif EG R 415K
B, H1RLE TETA RHISLIE A FRIE 1 7K i S0 I0TH, 1k B KM i s (B P A i ) SR R . 4R SR 3EK  MI [) 2
AR R TDA AL, IR P . WIRTRTIA, TEIABORECE AR i, 48055 TDA IR
2 v P S B0 P8 AR T w2 AF R SRR [14]-[17], HEJI7E 5~160 N RAEASE, HJEAE 120°C~400CA
&, JT3 TDA F72A4E 35.5%~67% L[], MIASCAER K, A F| 300°CHIZFM FEISZIL T 54.44%(1) 7%,
BEAIG 7 R B A B B SR AN AR P2 AR, LA R4 1R S FH A R0 R FH T 552
3.3. TDI BRiEHI/K A I8

TDI AR N KRB IR 48 R Bk — ke, BRFIEFIRAGZE. TDI FRiE A% 47 o Kk 4y
BIE G AE TR a5, RS, bk T o 8l SR Lo o,
R F LAl BT, 22zl mid . BAREUR T EARILA X S A I & p-n JEHE, Bk
JE ) I FLE A TR AR SR OB A T AR R ) OH JE M. DAMRERAERM: 1 S o ik 7
OH IMAEFkIE R IR+ b, B R VY Thi A 4 B Ak, SR 5 P e EUBRE T 2R, A2 Rl CO,, RNH, A RNH,
RNH ZFEUK R HYZE B RNH,, [RS8 JR T AR Ak FF ) OH . TDI AR K AEHLEE an /<] 1 BT o
4. £5ig

s ALL EG Fl TETA 80 3 IRAWIERMNA L, L NaOH AfEALF, 7% A1 140°C~290°C i &
X 6] Y X} TDI R 3E4T /K i . F EG BUE e N A i TDA 72— K, IO E T 5%IK) TETA 7]
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Table 8. TDA yield at varied NaOH amount with TETA as solvent
7 8. TETA &% NaOH FE%} TDA =R

50% NaOH ¥ () 5.0 10 20 30 40
NaOH/TDI 5% (m/m) 1/8 1/4 1/2 3/4 17
IKABRIRE(C) 172 171 168 162 146
TDA 772 %(%) 45.39 47.17 50.57 49.23 46.65
Table 9. TDA yield versus hydrolysis time with TETA as solvent
7 9. LU TETA JiasIB A RIKERET B X TDA =R g5
K g 18] (h) 1 2 3 4 5 6 7 8
TDA 77 % (%) 51.72 54.44 53.53 53.31 53.21 52.69 52.10 51.13
HiH
—_—

(0]
H:N HI ..
NH wwNH _
AN 2 AN NC-0
Jo
X ¢
CHs CH,

Figure 1. Schematic presentation of hydrolysis mechanism for TDI distillery residue

[# 1. TDI Z B EKEREE

15 TDAFIF= 2, Bz i 1A 43.32% . FH TETAAE NN i 4T TDI R 3E 17 /K fif, TDA i =177 3K 1] 1A 54.44% .
X K RBGIAT EAT . AEEL. ZEIEALTE, S2El T TDA KUK, Frfs TDA 4ifF afik 95%. 4@
TR T 6 TDI Bk 7K A 6 S 56 2 A R AL I R o 38 36 Bk 2H A 45 K R 40 M, W13 H T TDI 26

RV I K AR LB
oM

PR R LD AR B HOR T LD R 48 RHBOR e v 4] (2010GSF106 10) % A A 45 T ) 55 4 Bt B o
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