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Aminated modification of poly(m-phenylenediamine) and
its application to adsorption of SO,”

WANG Yun-yan, SANG Pei-lun, WANG Hai-ying, ZHANG Li-yuan, SU Zhen

(School of Metallurgical Science and Engineering, Central South University, Changsha 410017, China)

Abstract: Poly(m-phenylenediamine) (PmPD) synthesized by chemically oxidative polymerization was modificated with
epichlorohydrin and amination. The influences of various factors were investigated, including the aminating agents,
solvent and reaction temperature. Meanwhile, modificated PmPD was characterized through solubility tests, FTIR and TG
The results show that the sulfate adsorption performance of modified PmPD is enhanced obviously with an absorbance of
187.5 mg/g. The aminated modification leads to a lower solubility of the polymer adsorbent in some solvents and an

improved thermostability in temperature range of 40-250 °‘C. The modification mechanism was then discussed

preliminarily.
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AT SR Y] 1A A LR R B AR AR R i e
W BAT R PR RE,  (RAER AR R
fAAE e, SO HISZBIRRE. i, A
B AR SCHRIRGE ) 5 2 SR IR i, IR LIRS
AR S 2 o JsORE, B R U R S AN [ A 30 3R
(1) 22 JH Al eSO I I e k7= AW B E PR S o

1 I
1.1 K5

ST AT TR i BRI e . To/KAR IR
WL IR, BRI AR SENHL(ECH). 25%IK 2K
(AW-25%). & " J(EDA). — %% =JlZ(DETA). =24
#iVUB(TETA). LBE(EtOH). HIZK(Toluene). —HIZE
(DMB). — FIEV A (DMSO). PUE LI (THF). N—
FHJE AL LE B (NMP) AT N, N—— F 3L F 1% (DMF);
PRI AR 2.

1.2 #&EHE
121 SRR g il e

I 10.0 g (92.4 mmol) /A& —JiZ# 1 175 mL 281
7K(0.528 mol/L), #F 4 500 mL PY e & 17K
WA PETEE R 25 °C, {RFF 20 min. HURLHR L
21.1 g (92.4 mmol)¥% T 55 mL (1.68 mol/L)Z%1f /K,
PL 1 d/s TSR 5407 APS I DY B8
20 min JISEEAH; BlJS, ORI 25 'C RV She W
505, H 250 mL 3 S b s S UERE v, HZETRK
TAYE 5 i JE ARG 1:1 EUKIEYE— K, T 280
AKIEYE 5 W, ATEVENER pH 208 7, s G
IK PR TN 60 CHUFS R, BT 1h
R — JiZ(PmPD).
1.2.2 IR I S A TS B Y

FRIL 5.0 g R IMR ik R, A 250 mL PY [
iR, i 50 mL JE/K SRERA) . B UL 7.3 mL HAE
P, EE I A DY s DU peliis T 80 “Cukik
B RIS, 6 by JFG R B AR SO PR o 1) ) A PR 2R TR R
TR E N EER ) 12 Wi, RNV SRR
FHZ&KEuEER, BT 60 CHAR LT, BT
R IREAL IR ) 2K % (epoxidized PmPD).
1.2.3 AL =i A otk

FREL 1.0 g MRS AL =P 10U e, N —
SE WA e 2 AL . U DB E T 120
C B RN 12 he NS5 AR, Fl 60 mL

5 SRR, PRIV, BT
60 CHLHE P T, IS W0 o A 2R TR IR i
(aminated PmPD),

HEAG = 7 R TR A KRR

n=""PmFD. 3 100% (1)
MpmpD

e I 2 mpwen 27 AT IR 2R TR) 2K

TR mb, e M A ONE 2 5 SR R 2R T

=)

Ho

1.3 BEFEZREMARPRERIRE T

Y 15.0 mL [P BRAR 2 13 B2 0 2 000 mg/L 1%
T 100 mL SRPUSK A, FHERBRUATY pH 2074
1.70 J£1 30 “CHEME KB A DI, A 200 mg
RIZR i, RN 1 hJEidug, S RESIRI e
AT DU PE T AR RN B IR

TG W0 B R AR B 1 1R R B 2 AR DL
ﬁ:

g=21"Pa x100% )
Pi

X g ARGUIRNBRIRR S IR pi M p, 70

i) Ay W S S5 2 i J Ve v P B IR AR 15 1 K, mig/L
TR o0 T B AR 5 () R B AR s DA & Uit

5

Q=% XV 3)

b 0 WESYIRRIRIE 7 &, mge W
NERGNEINE, g VARBRREBAR, Lo

1.4 BEFEILEEIERNE

IY 500 mg 2 (0] 28 JERE S IN AN AR 50 mL ¥ 57H,
TREGHTEY 8 h, J5ifE 30 min, & LG
aite, oLug, e AR TR, IR ST
R el

1.5 BEFZRMRMTESE

KH Nicolet 1S10 & FLH-LT MG 23 B (3G e Ff
an (R 2L AR 1, 20 AR 4 R B EIE H  500~4000
em s I FES TCD EAE S KBr IRA IR T
YP-2 Hs bl Bl

K M STA449F3 &5 £ [ 22 34 7 B A (48
NETZSCH 2 w5))EATIE . FHETE R 40~1 200 °C,
THi 4% 10.0 K/min, S E ) 100 mL/min.
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AW 2T DMSO( - LAY, HIZE K —
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PR BT s o LR N & S mL, SRH =40
VU 2 g JoRe) o T 58 ) e e LA A 255l 52 601 o
DA AR 5 A SR IR) R — e Aok B, s 2 e f &
VIR AR P SR ROR — e g 5 = 2 DU ik
(RIEEIREE A 13 SERR 45 R an3R 1 gl

R AR TR A ™ 17 0 B MR R B P e 1)
A
Table 1 Effect of aminating solvents on yield and sulfate

adsorption performance of aminated PmPD

R PERE . X AR D DI, = DY
1 55 SR A1 R et % K, L S N R AR Tk 784
N4 o = ) 5 K3 P A AR — 2D sk i 7
SREUR PO THE, RNAAGH S, W HTCRA
PP SN 7 AT, BRI, EARSEIR AR T, &
eI S s )5k S mL.
2.1.3 AL FIFRSE I

K H DMSO Wi, HE S5 mL, HERNE
PEAAS, 3RS TIREKS Ll = O = [
= LA VYRG5 22 JE A A RTS8 ) 2R e e e B B 3G
TR PR B I B PERE R, AL WE 3. [AII,
hy k2 LR A S N 0 =) PR B PR, 3R
3 NG R R R A AR AR S =0 R PR R R

R 3 ARSI IEAL 7 3 BB AR B R AR 5
Table 3 Effect of aminating agents on yield and sulfate

adsorption performance of aminated PmPD

Aminating solvent /% q/% O/(mgg ™) Aminating agent /% q/% O/(mg-g ™)
DMSO 114 62.5 187.5 AW-25% 99 455 136.5
Toluene 104 48.8 146.4 EDA 103 56.9 170.7
DMB 105 57.4 172.2 DETA 107 61.5 184.5
TETA 114 62.5 187.5
B 1 AT L, AN R 0T A B AT AR R Epoxidized PmPD - 32.7 98.1

Ll DMSO IR, b= i m, A2 114%,
HET 100%. XA RN, HREENELZ
JEAE SR AR g SR B R A I N T . R, SR
DMSO b5 )G i 21 1= s K A i R AR 25 1 1)
Wik INE ] 62.5%, Wbt A 187.5 mg/g, LT
FHOR JHOR , R, ASHIFSCIE 6 L DMSO A AL 71 .
2.1.2 WA

K H DMSO My N, o v, 5 42000
SN S IC = BB R AR 5 - (s, FLe B4R P
A, SEG A RNER 2 A

HH3E 2 AT L, AR AR T B s e N

R 2 AR BN JE A 7 R B IR R A P e 1)
A
Table 2 Effect of dosage of aminating solvent on yield and

sulfate adsorption performance of aminated PmPD

Aminating solvent dosage/mL  #/% q/%  Ol(mgg ")
5 114 62.5 187.5
10 113 61.7 185.1
15 110 57.7 173.1

LR A T LAE H, EARSEIAIE T, Kt
(1 B 48 Ak 2R Ta) 2R Jke 7= ) 1) i TR AR I Bk 22 A A
32.7%, WeFfiH A 98.1 mg/g, WEIHMEREEAL T ek
=1y, SARBASE R AR M B T T SR 1R — i
X K AA R AR 5 1 PRV B i o 1T HLER 3R 3 ] W,
B 2 oy I R B I, 2R TR1 R e vk = )
PR R P R DR T . SR = LAY i i
I, Ak =4 (KW B i B R i A PR SR AL SR TR 25 i
AR Bk e R — 1% . X BRI BT
S S A .
2.1.4 AR FIEN S

FHHT = L VA N R S 45 SR s, 3G
BRI o AR R 2R A = L
PURZ I EEJREE R 1/1. 1724 1/34 1/6 K1 1/9, SEEG 4%
Wi 4 pra. R 4 nTL, BlAE = 00 DY i s o,
SN FE PR IR, MR IR E] 1/3 1, R
M TRAE o SOV =4 ) B AR R B 7 et SR A [R1 )
s, R AR AR S = SR VUL R EEJR LGk
173 s 3t ZomUEBRANEL 2, 2015
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Table 4 Effect of molar ratio of polymer/aminating agent on

yield and sulfate adsorption performance of aminated PmPD

Molar ?ati(.) of polymer/ W% g% Ol(mg g—l)
aminating agent
1/1 107 493 147.9
1/2 110 52.0 156.0
1/3 114 625 187.5
1/6 116  60.3 180.9
1/9 114 60.0 180.0

KA E RN, FEAR T A W03 i Y it /i
HEAL S AN TR o
2.1.5  JHEAb S e X Al 4 R PR S

B PR T AN RNVARE N, B SRR )R
AR A R LR AR R B RE AR A T L, TR
[A) A AR5 = L DURE R R R LE R 13, e U
FAF) Lo SERGZE RN 5 s, 3k 5w, AR
S NARLBETH AT R BN IEA T S R PR e v, (H
WL N, A R R A R . X PRy
PR SURETIN: S EE G e v /LAY Y 4a e A
U S N TR &5 Va7 e N LA SR R AN

R 5 A SN RES A 7 R R R R A P e
A
Table 5 Effect of reaction temperature on yield and sulfate

adsorption performance of aminated PmPD

Reaction temperature/ C n/% q/% O/ (mg-gﬁl)
60 107.0 35.9 107.7
80 108.0 46.4 139.2
120 114.0 62.5 187.5
150 99.5 61.9 185.7

RO LA BRI L, BRIAR i PR A A
ZA1 A LL DMSO At 7, #EhlHHE A 5 mL;
PL= L DU g R el 5], Horp SR IR i sk 5 = &4
I VU EE R LG 173, JRNERLEE R 120 “CAidy. L
PR BN S R R TR 28 G =) o AE AT SR I 254 T
A DS B R 248 o) T R AL 85 D I ok 23 e iy
F] 62.5%, WelftEA 187.5 mg/g.

26 JIr Ak H ] P A0 SRR E PRI B ) AR 2
PRI TR] N B R AR 8 1 (R B PR RE ARt o T IIER R
SEI R, AU ) ZR TR A8 0 T R AR 25 1+ 11

3R 6 NI VR B TR0 0 R AL 189 R B 1 121, 19724

Table 6 Adsorbance of various adsorbents for sulfate ion

reported in literatures!'® '2713- 19724
Sulfate adsorbent Adsorba}}ce/ Reference
(mgg )
Mesoporous nanocrystal y-Al,05 12 [13]
Goethite 20 [10]
e me o
Pillared montmorillonite 40 [20]
ZnCl, activated coir pith carbon 4.9 [21]
Commercial activated carbon 6.9 [12]
7-Al,05 7.7 [22]
Chitin 104 [23]
Chitin-based shrimp shells 156 [24]

BBRAR Ty 45.1%, WeBHEh 1353 mg/g, BILTE 6
TH TR TE R 23 ToHL S A= B R ) ke, (R
PIRAG T 58 T AR FE MR BREAARLE, i ik A
FORAYE S, P 5 ) 2 e =y 5o ot AR ) i B
PEREAS BRI GE, JOW P4 T 17%, W PR
T 50 mg/g, IXFICE S SRR iR — R
I P L 29 R B 751

2.2 BRICFYIRB IR

HB2 T IOV 5 S )2 AR AR (R o R Ak
PEEDL, sEEG g w7 prdl. sk 7 nriL, ARkt
TRIAIZR AR LUR 6 s iR i 25 e v A sl 20 s it
T SO 2R TR 2R fr DU B S5 RIS T Vv, A ik
FE(pH (B0 1.5 71 3.0) S e 1) 4 Bl b

AR 5 285 s Ik R 53 A2 o T R PR 2R )
B g 73113 =1 e 7 o [ R = G 14 A G S A
PERZR oy 1 BRI NEE, [RIRF, R RN
WATRE A E R IR MR G WINACHRSE, NI
SRRIBRAIR T et 2R IR 2R e ik, AR AR R
e B SRR H o

WRRVE R IR S OCHR[25]: S ¥ (soluble),
MS b KH#2> ¥ f# (mainly soluble), PS b #B4) w AR
(partially soluble), SS Mf##i(slightly soluble), IS A
i (insoluble) . 3 5 Hh - BER /R B AR AR A
filtJa i : BR b8 5 B (7 (brown), B AR
(black).

2.3 4ISNRIE
Kl 1 P2l a Al b BR300 A SR SR )R g fER
FALTRIRIZE L Aent . B Atk ek ¢ s ik
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Table 7 Solubility of PmPD or aminated PmPD in different solvents

Sample Acid aqueous solution (pH 3.0) Acid aqueous solution (pH 1.5) EtOH THF DMSO DMF
PmPD SS(B) MS(B) SS(BR) SS(BR) PS(BR) PS(BR)
Aminated PmPD SS(BR) SS(BR) IS IS IS IS

According to Ref. [27]: S=Soluble, MS=Mainly soluble, PS=Partially soluble, SS=Slightly soluble, IS=Insoluble, BR=Brown,

B=Black.

4000 3500 3000 2500 2000 1500 1000 500
Wavenumber/cm™!

B AR Lk

Fig. 1 FTIR spectra of different PmPDs: (a) FTIR spectra of
PmPD; (b) FTIR spectra of epoxidized PmPD; (c) FTIR spectra
of aminated PmPD

PR BRIAI 2 LAt . s 1 sk a i,
3409 cm ' Ab R S B AR ) o N—H $R sl
I, 1 614 cm ' K NFRIE A PRBIE, 1 509 Fl
1464 cm ' b A 2R IA B AR SORCE, 1248 em ! bl
—C—N s, 1 1 %Lk b7E 3 342 fl
3210 cm ' H BRSO U, 2 W et N—H e 3 MRl e
(3 342 em )R FRAG H A AR A 040, IE 7 E—OH
FRBEWR ST , RITER A1 e IR AN S N S5 A R = A
752 897 em ' Ab B —ANHT AL S AL UG, i R
S ) 1 Gl i A 1ok 2B N2 R WY SRS o L2 Ny 7973
AR e £E1 614 em ' ARG SS, T 1 509 Al
1 464 cm ' KhUESRREAT W BN, RAKEMLZIGH
TR 1) R JRe R 5 Bt B T R B S AH A T s o
1 248 cm ' AbWRSCIE R FE W I, SR R R
AL, MG IR IR R b AT A e
B ISPTTRISIY == w1 I B 7 K A A e [
Pfg AR R iU TR, fE 1 084 em™" Ak HELHT WL
W, &t C—O—C a5 1. tHIET 1 ik ¢ mT I,
753 354 em (5L TR N—H i 50 W5 A Ve ) e 5 i 1A A8 3t

SR, E2 972 12 928 cm™ kb BRI Wl E g, S
2 B (—CH3) A H 3 (—CH—) P 46 9= 30 5 |
i, TFE 1248 em ' AW SR FESEABAT A .
AP T A fe A i 2R D) 2 e i A A A iR (3 354
em )P BLIRIE,  [RIINAT HEANY F SR e B o

2.4 HRELHH

Pl 2 s Ay 2R T 28 e A Sk B TR) 2R — Jie Ak /<
AR TG B B 2 gk a vl RECrEmER
R JAE 150 CR/=42) 1% A RER K, X
Je R MR RS A K TR S
TR A 250 CHPA24E T 20 1% 284 T RVR, 1%
T K FHER G R milR ey, 2RG
VI R B A I, R B R A PR
AR IR 2 B N R I = AR B BE A R BT 8 MR E TR
1200 CIf, AT LAT 50%IH5k A o

Mass loss/%

b

0 200 400 600 800 1000 1200
Temperature/'C

B2 AFZREE AR U M TG K
Fig. 2 Thermogravimetric (TG) curves of different PmPDs in
Ar: (a) PmPD; (b) Aminated PmPD

B 2 otk b vl AR 150 ‘CRAR I, 2R
G TR RL 4%; WEEAE 250 T, AW
R BT HURLT 9%, IX AN B 230 R S oy 1
HMEBFIN K T ZE R TS, 4R, fE 40~250 C



F23 1

ERME % R A LI SO M g 287

a

EevessoRRerasuLe

0]

T

Z T

N ) N
H /'l H Cl H H
\ / b
(¢}
H
H HzN\/\N /\/N\/\HZN
HzN\/\N/\/N\/\H2N

OH
H H
N N N
+- =
(e
P
n N N N
H H \7\

H,N
2 \/\N/\/N\/\HzN
H

B3 IR IR S A LR

Fig. 3 Epoxidation and amination mechanism of PmPD

WA, SRR AR R AR MR AR 2R
A ZJ . (HARSETH iR, ek 2R A i 45
RESBRIRIE N, i FETH 42 500 °C, VR ILF] 37%
Jedr s SRARAT REAEYR T COME SR R AR i b i B
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JE, REYII BRI KGN, S B2 th
15 731 SRR B S I R e e A (R B 2 it T 2
B1§é 8 1 S 785 7 Ns2 1 8. L1 S 41 0 I A O 12 % B
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AR, FEA AL b C-Cl RS R )
R ESRPARRN s A AR SR eI B AR B
WA A B LI AR BIR R AL, I =406
VURG S RE AR, AR SE P S G N, K3~ 2 i
O T IEAEAR SRR OR e 1B b, TR A 2R A
e, IRBIEACH I, W 3 RN ¢ s

3 Zig

1) R AR T SRR e, JER Lk
TR ST R4 : LA DMSO gk
WA, PEHISCHEN S mL; LA= LM DU A k7],
PSR AR — i 5 = S0 DU R R BE R LG Ry 1/3; A=
MR EA 120 CAita. Bl =Hyr= 2] ik 2] 114%.

2) SRUPESR AR A LG, e s s 1 2R )
IR G B AR AR B R PERR A BRI AR T, FEAHE
FORB AT, WP AR T 187.5 me/g, ETH
T SCHRARTE PR 44 S B 70 PRV B P i 2 B e ek
{18 2R ) 2R e i — A e PR Bt R AL 5 TR B 711

3) 2 IR 2% e e A S A R T AR AR F o R A
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