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Catalytic preparation of diethylene glycol butyl ether formaldehyde
and its plasticizing effect on nitrile butadiene rubber
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Abstract: Diethylene glycol butyl ether formaldehyde (DBF) was prepared the acetal reaction of
1,3,5-trioxane (TOX) with diethylene glycol butyl ether (DEGB) catalyzed by SnCly/bentonite, which were
prepared by ion exchange method and characterized by FTIR, SEM and XRD. The effects of reaction
temperature, n(TOX) : n(DEGB), and water carrying agent cyclohexane dosage (based on the total mass of
TOX and DEGB, the same below) on the selectivity and yield of DBF were investigated. The plasticizing
performance of DBF and imported plasticizer TP-90B on vulcanized nitrile butadiene rubber (NBR) were
then compared through mechanical test and thermal aging test. The results showed that DBF obtained under
the conditions of 110 °C, n(TOX) : n(DEGB)=1 : 6.6, cyclohexane dosage 25%, and SnCly-bentonite-7 (7
represents the pH of the bentonite suspension) dosage 3% exhibited the highest selectivity (98.2%) and
yield (94.7%). Compared with TP-90B/NBR, DBF/NBR demonstrated superior vulcanization characteristics,
mechanical properties, and aging resistance. Specifically, DBF/NBR displayed improved maximum torque
of 13.01 dN-m, higher than that of TP-90B/NBR (12.85 dN-m), and shorter scorch time as well as optimum
vulcanization time of 0.53 and 1.42 min, respectively, compared with 0.55 and 1.47 min for TP-90B/NBR.
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Additionally, DBF/NBR also showed higher hardness, tensile stress at 100% elongation, elongation at break,

tensile strength, and tear strength. During the thermal aging test, DBF/NBR exhibited significantly less

variation in tensile and tear strength compared to TP-90B/NBR.

Key words:. process synthesis; rubber plasticizing; catalysts; acetal reaction; bentonite; green chemistry

Bl B REVR IR 4 . LS AL ATl B
K, R T R R B S K
THE B (NBR) JEAZ B AR 5222 i 4, H
SER RS AN RS SRR B, R S e A
BALVERE R 22, AR TR, 5 B g 5 5]
Skl Hon THEREN ). H AT, NBR AR RS 8] 3
FIRDAER R — g (DOP) RAAERMLPAR
H R IR DS o (ELAR 2R — Y i Fis 21 1 90 50 7 foff FH 2o A vp
B ARG PR R A X AR A ™ 5
HI IR R, TRk EEREEHS, B, b
] 18 9 5] Pl AR AR KA, AR —H R RS
HESFTY 5 WA SRR AR PR R 80% LA b, i ER R
SR FIAAKA 3 O, @135 [E Rohm & Haas 2 &) Y
BaEAF) (TP-90B ) [, ixtix —IUIR, BF&AERAL
TP-90B Ry ¥a5), HA EEABLE X,

T T REE I ( DBF ) A A TR
GRS AL B, AR 2R PR S A i A (I
MRV s Rag, e AR TrERET™, B
A WA NBR R38R 097 7. B4 DBF &
BT 25 LU E 37% 4 B A SR
A FRAS ] A e A R I K, DA ) P45 18 o
EYe . HIL, WAt & IR DBF AR T 4B CH
HEMFE I o AR Ve DL s R S A AR
BIREAEON 37%M I BOKIER, 5 40 A R
A i, X — b/ b TR R oK B3
P T RO BRI T 2 AR I e AR
BEKIERCN R, 52 W Tt (DEGB) J2
4 % DBF, MARAS Ldife THRBE fd . 1,3,5- = %08
W (TOX) EHmEEMRAEEA, BAEMEREM M
M, T LA A 46 1 S b BEAE f B SR 5 . OKANO
LR BRI Bt 4 TR AR 22 ML), TOX Ny H
BSR4 T LR , X TOX AU K i 2
SAEREALIRAL T — R R, TTRE T JCOK 46 AL S
Brigste, (HFT R R AL A B, Joik K
BT Tk A 72, HAl, 76 DBF f4: 5=, KEZXR
FWARTR N Lewis BRAEAL , Bl : HilR . SnCl, %01,
FAEBE S G, = FHEE R, hT 3
P E AL AT, sk PRAENME SnCl, [
BAERANE b, T AL 2R TP A 1,2-T8 s S
PEAME R 5 WJa, A% H I -1,2- T 40 I ) iR
<90% . BAMONIRI ZU75% FH 40 >k — 4 Ak fi 6 2%
SnCl, F TAEAL G R 1,4- S MBERT A=Y, TREF 4 1K

Ja HARIR G PE A L T W R et . M
FEARERE , © )32 I A e A 500 R B 5 @ik, 2 e
+ 1%k SnCl, #EAL 5T DBF & BCHRIGE R L

ARSI SnCly/fg i 41k 7], 1k DEGB
Al TOX KWK+ DBF, ¥ DBF Jii i+ NBR 1
WA, X ST A% NBR #E5h55 TP-90B 14 % NBR
FESRPERE, LAY NBR 45 (0 BR A4 358 551 1) 1 45 4 4t
E= 5

1 SRIGERSY

1.1 #R KA 5 ER

g £ (200 H ), Tolkgk, #iyHrimll
HIRAF; TP-90B, Tkg%, 3[E Rohm & Haas 2y
Fl; NBR, &% (N550, N774) . ZnO, CaCOs,
AR (ST1801) | 2-FHAJFOKME (MB) | Jish
F 4 ARG B RR B ( RL-22) | 4.4- —FiAb gk
(DTDM) . VO EmACHEE —mifk) (TMTD) |
N-PACFE-2- R WEME R B e ( CZ) 7S BALRUH
R (TRA) « i b U H B4 (TT) |
TR AT EEME (DM) , Tolkgk, TTABLEA IR
WAl 1,3,5- 50N . k. SnClyeSH,0, 3 #r
afi, g M AERRHE R ARA R, B
THE, Tokg, VLHAR A B A R A A
HPW/TiO,, SO3 /TiO,, Tl%%, KM W.3EtL T4 R
NS

XK-160 HIPHAREETFHEHL, T AR BT ;
GC9790 T B A EIEL (GC ), WiilAm LM AR
R A ; Nexus 670 il fd B IH-AF 3 2T 41 5 1% 4%
( FTIR ), ZE[E Thermo Fisher Scientific 22 7] ; AV600
R R YR IR (NMR ) , ¥+ Bruker 2\ ;
Quanta 200 FEG BlH#i L7 Wik (SEM), £
FEI /A 7]; Ultima IV X $£EA75HX (XRD) , H
A% Rigaku /A 7] ; XLB-0400%x400 BISEARERALAL,
TN AR T LA BR A F] 5 GT-708082 AU 1)@ fiifk
1. M2000AN HUTCHE T AR . AI-7000M % 55 %
A AR 2 P 7R EEHL . GT-7OTCS-7017-M Al iy B
XA, mPRIEE (R5E) ARAH.
12 FHik
1.2.1  fEALF] 6 4] &

KB Tkl % SnCL/iZ i Lk, B
96, 20 g I 1A 80 ¢ KB TFKIRAHEHEY A1



53

A2, S T TR TR HRE A AEAL 5 S B TR AR B e * 649 -

WG 24, 7680 °CF, FHREAE 2%k
TRK BRI = A pH (5. 7); RIE, MEFR
FRIE N 10 g M8 20%0 SnCl, /KW, TN 5g
MG W TR 4 h, JFEE 12 h JE R AE KU
WEE A BE, RIS MUTIEWILE 100 °CTR 4t
TIPS . 205 (400 H ), #5321 SnCl/fEiE 8K o
HR 4 A3 J5 BRI AN TE] pH (5. 7), % SnCly/fg
T B A 5 e 7 SnCly-figiiE £-5 . SnCl, -l +-7
1.2.2 DBF #4-5%

TERABFEA . T K a8 v B4

v

500 mL DY FTgeifii, $#8 n(TOX) : n(DEGB) =1 :
6 (HH, TOX M 15¢g), KIIMA TOX 1 DEGB,
IR A& (#2L TOX 1 DEGB Ay Jfi
i, ) 30%M 3 O 3% AL, Bl THER
%2100 °C, FERIYE T RA, EAHAKEE, KO
Kk, RAEZERE, S8, HARCEETRKIEDE,
WA EYEF TIEAME A & - U85 e 75159 5] DBF
Fiih . DBF ML #E B 25 0.1 MPa, <150 °C4%
PR U ZE I bR 2 R UV ) DEGB, 452K il J5 1Y
DBF. M4 F frs .

SnCl/BiE + Q
3 H

. -C
100 °C, #
+ SO~ SnCL/Ip £ A~~~
Il C,H,0 (0] OH
H'CH C4H90 OH 100 oc’ ﬂ;aﬁ 4
SnCl/fEiE 1 o - o
CHO O™ 0 + CH,0 O oH CHOT 070NN 0CH 0
100 °C, H ke

1.2.3 At ol ) &

Y, ¥ NBR (100.0 g) iz (N550, 40.0 g;
N770, 40.0 g) 7EFREFHIL LT 25 CTFIRA
5min; A5, IMAIEHEIF] ( TP-90B il % 1Y DBF,
35.0 g). ZnO (6.0 g), CaCO; (10.0 g), ST1801

(1.0g).MB(2.0g).RL-22(1.5¢), DTDM( 1.0 g).
TMTD (0.5g). CZ(1.5g), TRA(1.8g), TT(03¢g)
DM (0.8 g); &, IRAWIRAY 40 min; iJ5,
¥ NBRIEGWAEIRIE 170 °C JE /7 15 MPa i it
AR LR L, 755 NBR it

¥ TP-90B . i 45 1¥) DBF 14811 NBR Ak fiz!'®
43532 & TP-90B/NBR #1 DBF/NBR.,

1.3 FRIEFHZESEENR
1.3.1 RAEF %k

GC M : AbRikE i, SE-50 @i E (30 mx
0.32 mmx0.50 um ), ALFEWEE 260 °C, &5
J£ 210 °C,FID K il . F2 ¢ THE , w1 FEIR 150 °C,
PR BHE] 1 min; LA 20 °C/min FHEZE 280 °C, {#
BIRFE] 5 mine, MRPEEL (1) A1 (2) 315 DBF AYik
Pk (%) A3 (%)

/Y= X x100 (1)
_X2

73205 = X0 100 (2)
nM,

K. m o DBF ML Jiiit, g3 n MR fiITA TOX
Y, mol; X, & DBF #l5h DBF HYEE/RS>
¥, %; X,k DBF ML DEGB [WEE/R/TEL, %;
M, 5 DBF WJJEE/RTHE, 336.46 g/mol,

FTIR 3K : P EGE R 4000~400 cm™, HHEK
64k, PR 4 em ', "HNMR K. PURAR &

fii (CDCly) N#FH], SEM K. #ESAETEK 28
H ML, A 30 min, B EJEAHOR 4~5 % 7EAR
W, R A A, e R 20 kV., XRD
. Cufl K, 14k, ¥HE 40 kV, 4EHIE 30 mA,
A 10 (°)/min, TG R 20=5°~70°,
1.3.2 Mg

I TR B M. 208 HG/T 3242—2005 HEA70
R, TG TS . SRR &
18 GB/T 16584—1996 AT, i F Tt ¥ i A2 Y
M5, WEEEEEE 160 °C, B[] 8 min, A EEIR
Z:H8 GB/T 531.1—2008 #4742 B AE i BB /R A R BE 1Y
ME o PP rEgEIl: =M GB/T 528—2009 #E17
R, R Az il A A L 2 A ik o fif
SERIE | PR R | N T, SR EEE 500 mm/min,
P ZPEREMIR . 2 GB/T 529—2008 HEATIL, i
FH 5 A0 AR B il 7 73 S AL 2 AR B i 4R B, R
FHEAIREE, BH R 500 mm/min, #25Ek
PEREMIR . 28 GB/T 3512—2001 #4700, #48
e B F AR A T, 7E 125 CHEF A
SRR AL 70 b, TEEAL AR RRE I | b
R | BBR L

2 HR5WR

21 fELFIRRIE

Bl 1 Mgt . SnCl,-fEiE -5 F1 SnCl,-fZ i
+-7 ) XRD A,

M 1 AT, SnCly-f#iH -5, SnCly-figiE £-7
A +AE 26=5.9°, 19.7°, 34.7°F1 61.9° LA 4b i
BT R L AR AT g Ho ) 20=5.9°4b 19 )8 T
i +(001)fhiE, Ui SnCl, 1Y 7 48 & 2R gz +



650 * M 4m 4 T FINE CHEMICALS

HYFEA 2 ARGEH o A PA% 5 FE (2dsinf=na ) T8
JZ i B Z I (door )o ZEHRFRH, SnCly Y17
AL doo) W B K, SnClL-IEiE +--7 B(001) 5 1 137 5:F
W N ETT MRS D), dooy SR, M 1.23 nm %
1.49 nm, XA HEZ PN Sn* kA BN E + 28], #
IR R, H5TESEZMNES S, Hik
JZI] A T L ZRIBEAE KPS Al , SnCl,-figi
+-7 B9 dooy FWETERE K, FEWIHAE B R 3
B Sn oL R B4 Mt A B 1 )2 0]

* Bt o AEATHIE

> Aot
N e *  SnCLAEET «
L ©
koh-ﬂ%Jj:-s N
o
* *
3

* 27 I
1‘0 ZIO 3I0 4IO SIO 6;0 70
20/(°)
1 FEAIY XRD 35 ]
Fig. 1 XRD patterns of samples
Bl 2 Mgt SnCle-fiid £:-5 F1 SnCly-H
+-7 1) SEM K,

K2 it (a), SnCl-fEiE1-5 (b) Hl SnCl,-Ziid -7
(¢) #Y SEM I
Fig. 2 SEM images of bentonite (a), SnCly-bentonite-5 (b)
and SnCl,-bentonite-7 (¢)
M 2 BT, B3 1 | SnCly-E i +-5 F1 SnCl,-
A -7 2B AR YA B SR ARG A . A
SnCly JHIIZIE - 7 228 S . EER, AR
ERRERE RN (& 2b, ©)o JREFET, Sn*"FEH 2
FIEAFAN . X RhEEAEAE Sy SO o3 T HEBE 2 it
P T RURISZ IO 6, 5 B TR TG SN i R0
2.2 DBF WIRIE
¥l 3 >4 DEGB #l DBF [ FTIR 3[4,

42
1107
DEGB
00—
3428
DBF
c—0—-<C

4000 3500 3000 2500 2000 1500 1000
HHom™!

13 DEGB Fl DBF [# FTIR j¥[&l
Fig. 3 FTIR spectra of DEGB and DBF

M & 3 A1, DEGB 7E 3428 cm ™ &b 4 W2 g i 15
J& T3 O—H M MZEIRsh >, ifi DBF 76 1Ak i %
WO 2, % B PR3 L e A 4 8 S I T W TS B 1107
em ' Ab IR I S AR B C—O—C 4IRS,
DBF 7£ 1107 cm™ bW iéa B8 . 25 F DEGB®,

[l 4 ) DEGB #1 DBF ) '"HNMR #%[# .

DEGB
1o 1 2 2 1 3
HO O oS N
CDCl, ‘ A 22
| AT
3 DBlz: 2 1 2 2 3 3 {
2 O A~~~ O~~~

K 4 DEGB F1 DBF ) 'HNMR %[
Fig. 4 'HNMR spectra of DEGB and DBF

MIE 4 A] 1, DEGB 7E 6 2.90 At H ¥ T—OH 1Y
JRF{5 5, DBF f—OH i {552k, MiTE o
4.75 A T WH R BT FE S0 45 RERD], K
U5 W T DBF,

2.3 EAFIELEENER
2.3.1 AR A K 64 %ok

7t n(TOX) : n(DEGB)=1 : 6. b7 & K
3% ACBEH & 30%M 550 T, B EAEALRI T 2T
RIS N R, SR ILE 1,

1 MR RS 46 8 S L ) R TR

Table 1 Effect of catalyst types on acetal reaction
AL 5 BRI/ % T2 3%
HPW/TiO, 81.4 10.3
SO3/TiO, 90.7 7.3
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SnClL-l#iE +-7 91.3 76.8
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