a3 8 & 2020F $65% £ 5H:401~409 ¢ OPIER2E) 2okt
SCIENCE CHINA PRESS
CrossMark

& click for updates

O A P O B T T B 3 e B I e % e Y
» »

PR

THEE, SR, 2E

AL T KB T AR B, KA B4 A THORE ({900 %, KHE 300130

* AR, E-mail: yjwang@hebut.edu.cn

2019-07-19 Wk, 2019-09-18 &[0, 2019-09-23 457, 2019-12-10 MIZEhR &%

e HRC_REREFTILREWNTERE. R2RERKERFTREE A, 2 3 UL5-2F ERE AR
H, BdRH_FReR SRR N A ENET BTk RAT A ahk. ETARER, ARzad
BZL5BRMRNNHBAFTAE RFEFEAAR LS MALERNN=Z5ERTNER, =5
EZHENR, RAZRNGRAETENARAN BT REBAER S, SHEN TR, KN KR HS-A T EREA
BIRGARRRF R R ERA L — SRR FER SRR, BT SR MR, A B
“ZHEEE, BUERMFRIN. EERITNERENEC RH T EEAREC RN, BININ =58

Fait i R EAEA K

Kol EWEC R, &R E, A F, RTARE, AR s, W%

C oA~ C M EZ R, O B
THRC B U E66)FI1,6-C — S & HRME (hex-
amethylene diisocyanate, HDI)AJE ™. JE J£66) 12 M H
TALLF AT AR R Tl HDLZ —F G 1 £ 2R 2 mR 1Y
FEFARL, BTz R T R AR A A T TR
il .

HAHT, ©ZHER Tl A HoR F2AaEC R
e 7Kk TN G B — Rk T &Rk iss
U B R A BRI, AR
R EE5(300~350°C) Bl S 20 K PR35 15 Yy ™ i 4 1)
AL R T e ) 22, WO IEAE A s BT U
PG HL A — SRE IR T RO i i R —2, H
FEAEXT AR SRR o SR FHEEPE R PR 5 1
PIHEIG V59 R A P AR A R . T I U
ik O ZIBOR R ROV R REREIR, (HAEAE
K PR 25 U A SR 285 W A 300 i 28 B v

[ WSO R 45 )

HICAT UL, HAG Tk A= 2 G T2, fAAEr &
) A ) B SR T Ok LR e AR iR L T g™
W HBIR ARSI, 515k, Tl A R Jsork T
L NG M E IR SRR T A i AR A TR
Bl LA B IR H s b, AR W) RS ] R A RN
#2ZWEH. 5-F2H FLHREE (5-hydroxymethylfurfural,
HMPWERA YRR I BB 2 —, 7SR
WAL AR, S 424 W ot JEURL R Ui e B I EL
PSRBT 4TI UnAE A 5 - FR AR 50k
PR NE, AMLATRRA IR H 4 B = R A ],
T HLAT BT o AT 2B 77 D5 AR R A B SR R
TSGR, FRAERE T — M B A A RS Ry 2L
A G A O SRR, TR,

BT, A Tl E7E R B —BOR & e e b
] AR 855 . BT AU Moad Bde 4255 = 4R b )

SUAREA: THEEE, SRR, EAER . AR YA C B 12 B A RSN, AR B BT BF5EAR, 2020, 65: 401-409
Ding X S, Wu C C, Wang Y J. New reaction route for bio-based adiponitrile production: Towards the rational design of the reactants and reaction pathways
(in Chinese). Chin Sci Bull, 2020, 65: 401-409, doi: 10.1360/TB-2019-0311

© 2019 (PIEREE) A=kt

www.scichina.com  csb.scichina.com


https://doi.org/10.1360/TB-2019-0311
http://《中国科学》杂志社
http://www.scichina.com
http://csb.scichina.com
http://crossmark.crossref.org/dialog/?doi=10.1360/TB-2019-0311&amp;domain=pdf&amp;date_stamp=2019-10-18

M % h & 2020528 He5% H54#

(NIPFE R EREEHDI)

Bl 1 LORIRT WG s-2 H AR ek S s %

(5-32EPHREE)

Figure 1 The synthesis of adiponitrile via 5-hydroxymethylfurfural from biomass resources as raw material
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Figure 2 The new routes of adiponitrile synthesized from 5-hydroxymethylfurfural
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Figure 3 The reactions of 5-hydroxymethylfurfural with various nitrogen carriers, furandicarbonitrile with viarous hydrogen carriers and 5-

hydroxymethylfurfural with ammonium formate to synthesize adiponitrile
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Figure 4 The Gibbs free energies of the reactions of furandicarboni-
trile synthesized from S5-hydroxymethylfurfural with various nitrogen
carriers. [ -1: Hydroxylamine ionic liquid salts; I -2: Ammonia; I -3:
Ammonium formate; I -4: Ammonium chloride; I -5: Ammonium
carbonate; Ill-1: Ammonium formate
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Figure 5 The Gibbs free energies of the reactions of adiponitrile
synthesized from furandicarbonitrile with viarous hydrogen carriers.
Il-1: Hydrogen; II-2: Formic acid; I[-3: Methanol + H,0; II-4:
Ethanol + H,O
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Elp BELT-1 R T-2 RT3 ERiT-4 RELT-5 REN-1 RET-2 RT3 RMIT-4  RE-1
Rt 1 3 3 3 3 2 1 2 2 3
Rp 0 0 0 0 0 3 0 2 2 2
Ry 1 1 1 1 1 1 1 1 1 1
Rh 0 0 1 0 1 3 2 2 2 3
IRI 2 4 5 4 5 9 4 7 7 9
max(Nr) 0 0 0 1 0 1 1 1 1 1
max(Nf) 4 4 4 4 4 4 1 3 3 4
max(N?) 1 3 4 4 1 4 4 4 4 4
max(Ne) 4 4 4 4 4 4 2 2 2 4
IcI 9 11 12 13 9 13 8 10 10 13
osr 11 15 17 17 14 22 12 17 17 22
ocl max(ICI)=max(9,8)=9 13
ORI Y (IRD=2+4=6 9
OSI 15 22

405


http://www.ilo.org/dyn/icsc/showcard.home
http://www.ilo.org/dyn/icsc/showcard.home
http://www.ilo.org/dyn/icsc/showcard.home
http://www.ilo.org/dyn/icsc/showcard.home

M % h & 2020528 He5% H54#

At MAS e e VA5 B — 48 bR 0 0 AT 1 ISR A 434
E2, H—FEARArAE B, ML 4 i Wb ~f N (1)
PERT. R, 72 gy AR & R 2=l 1k T
LM AR PR FE A R, FROTHR I T S« =
SR ETMIRR, =S85 I 1k
(75 A5 1 A AEAG® . 2 ML T2 ek 1 ST R R
AU BT WA 2 AP E AR 28 5L OST

ZBE (60 » Zosy WECFIE R, 60l R
() A 3 B H Re 5 A SO A e /N 9 A S A El RE
(BRI 22 B A R RN B X HE Z L, Xag? =
AG/ |min(AG); v FIBSEHIRT R, 2 o5, AL
I AR JBT 2 AR AT T A SN H R KA [T 42 54
(AL ZLL, 245, = OSI;/ max(OSI)). Hilk,
AR BRSO =S RHE(-1, 1, 0), Blxgo = -1,
WA T LI G ATy, = 1, RSN
100%; 2 o5, = 0, A L AR,

FERARAL A SN = SR E 3R b, R
N =i SR RN = SR HI2ZAR, [FEHN

UZSF I/Z(i
1,2,-+,R). RISR IS BRAR S B4 H 3 i B2 R A S, ) 43
BYERE, JFLAMCO IR, O Al SO e SR AR .
AR=0m, FERIARMZ N ARfEBUN, U BT
HARE ROV, FEFTRR B RN AR Z v, EFRAR fH R
ZINARIBCRE, BN TS RSS2 JSE 400 R S 0 B A

“=ZHET, AR, = (g0 + 1)2+(yAU/ 1’4z

*3 BERBGCMERGCRENB“=SBETHTHER

5.1 FEAREEARSHE

feoe RN =2 B 5 AR ROV = S RE Y 22
ARIFHLZRINRI 7R, 1552 AHERE 5 SR A Ak
BRI B R RONAR R, B IR B R
FABIRIIAR, Fre/D, UL ORI — Y B 4R A 25
E LR A F; AEMI IR A4 Rh B A SN A
O NSRRI R R, RN S AR ARy e/, Ui
WG ME e oA R, S-SR A P R o —
AT IE A RO R B ARy (D, BEHEAT
—EMH. GEERTA, 5 H ORI vk — H I Y
TR R A B AR R e R, ki IS S e
TN B A R

5.2 JRMERFRITE

KT 2R B B AR XS 5- 52 FE AR & il 2 — 6
RN TR AR S U AR AL PR e SR A 2k
IRHTR PSR [, FSUTT Tl AnT SRR B A
(El6).

SRR TTE, #E 645 B R BRI = A B 3
HAE. R F R A T2 255, SR nR4APTR.
FEAE L IERE bR T ke R N = S S AR L2 I
=“ZEHMNZEAR,. Hr, F55 P AR U R
N EEAR, BT R 2 R N ) = SR .

20 RO I = S i 25 BE R/ NI JEAS 5 I
BRCRIEAR, MR NAEEZ, HEER. Wik
MR, WD RN AR, BT LA N = S 52,

Table 3 The results using reaction’s “three-parameter difference” to certify the nitrogen carrier and hydrogen carrier

Fans AG, (kI mol ) AU osr AR

R (NH,0OHIL) -80.5 0.615 11 1.06
R ,(NH;) 167 0.738 15 150

R 4(HCOONH,) -207 0.468 17 1.12
R | 4(NH,CI) 350 0.504 17 1.89
R1.5((NH,),CO3) -94.7 0.532 14 1.14
Ry(Hy) 243 0.857 22 115

R ,(HCOOH) 416 0.358 12 0.87
Ry5(CH;0H) 247 0.648 17 1.01
R y4(C,H;OH) -199 0.648 17 1.07
Ry (HCOONH,) 536 0.429 22 115
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Figure 6 The possible route to synthesize bio-base adiponitrile from 5-hydroxymethylfurfural, hydroxylamine ionic liquid salts and formic acid
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Table 4 The results of using reaction’s “three-parameter difference” to certify the reaction routes

s AG) (kI mol ) AU osr AR
RN-1 126 0.984 12 1.35
RN-2 206 0.621 6 0.77
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New reaction route for bio-based adiponitrile production:
Towards the rational design of the reactants and reaction
pathways

Xiaoshu Ding, Changcheng Wu & Yanji Wang*

Tianjin Key Laboratory of Inherent Safety Chemical Process, School of Chemical Engineering, Hebei University of Technology, Tianjin 300130, China
* Corresponding author, E-mail: yjwang@hebut.edu.cn

Adiponitrile is a key presursor to synthesize hexamethylenediamine that is specifically used for the production of nylon 66
and hexamethylene diisocyanate (HDI). Both nylon 66 and HDI are dispensible to chemical industries: Nylon 66 is widely
used for chemical fibers and engineering plastics, towards clothing, electrical appliances, automobiles, and military
industry; while HDI is important for the synthesis of high-grade polyurethane for automotive and coatings industries. In
addition, HDI is also used as a curing agent for rocket propellant, highlighting the significance of adiponitrile production.

Current production of adiponitrile mainly involves ammoniation-dehydration of adipic acid, electrolytic dimerization of
acrylonitrile, or hydrocyanation of 1,3-butadiene. All of these involve high energy consumption processes that utilize
highly toxic raw materials with unavoidable side reactions, leading to great concerns on cost, safety, environrment and
sustainability. Therefore, it is urgent to develop a novel, safe and green method for the synthesis of adiponitrile. On the
other hand, it is of equal importance for modern chemical industry to evaluate if a synthetic route is not only economic but
also environmentally benigh, safe, and sustainable.

Herein, a novel synthetic strategy is designed for adiponitrile preparation using biomass resource of 5-
hydroxymethylfurfural through a conversion reaction of intermediate furandicarbonitrile. This strategy can avoid the
safety risks and pollution issues in the present adiponitrile production industry. More importantly, it is a green and
sustainable processs toproduce adiponitrile, especially considering the increasing shortage of petroleum resources. More
specifically, when the furandicarbonitrile was synthesized from 5-hydroxymethylfurfural and nitrogen carrier compounds,
hydroxylamine ionic liquid salts was the best served nitrogen carrier compounds, followed by ammonium carbonate,
ammonium formate, ammonia and ammonium chloride. If the adiponitrile was synthesized from furandicarbonitrile and
hydrogen carrier compounds, formic acid was the best-served hydrogen carrier compounds, followed by methanol, ethanol
and hydrogen. The another one-step reaction route uisng S-hydroxymethylfurfural and ammonium formate as raw
materials was dominant.

Besides, a “three-parameter evaluation system” is proposed for the first time and established, where Gibbs free energy,
atom utilization efficiency, and intrinsic safety index determine the thermodynamic feasibility, atom economy, and
reliability of chemical reactions, respectively. The synthetic strategy for bio-based adiponitrile production is evaluated by
the “three-parameter evaluation system” and shows significantly reduced “three-parameter difference” value and is close to
the ideal chemical reactions, when using hydroxylamine ionic liquid salts as the nitrogen carrier, formic acid as the
hydrogen carrier, and integrating multi-reactions of 5-hydroxymethylfurfural and hydroxylamine ionic liquid salts and its
further reaction with formic acid to produce adiponitrile.

Such a novel synthesis of bio-based adiponitrile from 5-hydroxymethyl furfural, hydroxylamine ionic liquid salts and
formic acid is green and safe, while the established “three-parameter evaluation system” is versatile and paves a new route
towards validating efficient chemical productions.

bio-based adiponitrile, synthetic route, thermodynamics, atomic utilization, intrinsic safety, evaluation method
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