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Scheme 1 The reaction mechanism for the synthesis of PSLC.
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1 SEIES
1.1 FEER

AR ERERES(LC). NaOH. 1,3-PIHER P g
(PS)¥ 1 Fg BT hr TIRFIA R A A . LB, H
W R T LA 2 T AT PR ] L AR K I
H 2 E SIMF IR A7 3 sk ie % A | L 4K s = H
). T F 2% 22 NO6 1K 71 i 53 MM B2 A8 o BT

PR AR AL
1.2 PSLCHIHI&ZTIE

7] 250 mL PR LGN 20.00 g LC. 2.77 g
NaOH % 15 g H,0,, 7£ 80 °C K 4it £ 20 min J5 il
AN25.40 glfIPS, FF4kSEE 80 °C N 24 h, FTC
K LEEQ200 mL)JTVE, 5 HIC/KHEE(320 mLx3)
Ve i€, 80 °CF-F 24 h, B W43 3 Py fifh f2
KT ZBE(PSLC), ARSI 7T R WA 1.

Table 1 The experimental parameters of synthesis of PSLC.

Sample m(PS):m(LC) T(°C) Time (h) Fluidity of cement paste * (mm) Content of S element ° (%)
LC 0:1 - - <801 2.89

PSLC1 0.42:1 80 24 80=+1 3.98

PSLC2 0.85:1 80 24 101+1 4.02

PSLC3 1.27:1 80 6 1961 7.65

PSLC4 1.27:1 80 12 215.5+1 7.21

PSLCS5 1.27:1 80 24 25041 7.75

PSLC6 1.27:1 90 24 213.5+1 6.53

PSLC7 1.27:1 70 24 215+1 8.44

PSLC8 1.27:1 60 24 213+1 7.57

2 Fluidity of cement paste obtained by adding 0.33 wt% water reducing agent of cement to 300 g of cement and 87 g of water.

b S element content tested by ICP.

1.3 WRRAE

FTIR Mk : A 2% 5 4 Nicolet iS50 (%
FEE KB A |, SR KBr & v 47
5, MR E N 24 °C, BT HER N4 em?,
7E 500~4000 cm ' Y HE N 365 32 7K.

'H-NMR I B LR 5 8 INMECZ-
400 MHz (H 4% JEOL 2 w]). #RHL 5~10 mg I FE i
I Hon N 500~600 pL () DO 12 751 v 7 fife Al B
O IR 0I5 B B 5 20 °C, F IR B 32 1%,
T 2ENL RS I FE HE T BN TMS.

SEM F1E: {X#37A15 A JEOL JSM-7500F (H
A JEOL A 7], ke ¥ S M fife S b, ms
S A B JE N SEM HE L I B UK A5 0 75/
1201%, X ARFE S AT IS .

XPSik: X #8745 4 Thermo Scientific K-
Alpha (3£ E 288 CH/RBHEL A F]), f#H 400 pm
JEBEFN 12 kV TAE R SATHH, T2 HRR
6 mA, FAfEEEEN150eV, SK N1 eV.

GPC Mk : A 287 5 Jy % 4 PL-GPC-50
(G AR RHE A R, A8 ARTE 1 PL & A
(8 pm). 7£ 40 °CHJEE2EKH L 1.00 mL-min ' F)
AT 7 8, AR DY 100 uL.

%45 3 TG-DTA/DSC-APPARTUS f) TGA
(o 6] b 2 ) %o A it P B BB EAT SRAE . N, IR
FRE R, LL10 °C-min ' FEF A 6.00~10.00 mg
FE G 30 °CHN# 4 1000 °C, N, iE A 30.0~
50.0 mL-min'.

T SR U 30 DA D NJ-160 24 /KU ¥ 2 5
FEALOTAL AR A PR A R, IR AL, &
AHKE N8 g, KIBFE N300 g OKKLE A
0.29). K Ik TR KSR AN K YE, RS FE
120 s J5 &5 15s, FFPRESFE 120 s.

P& FE A Jg BE I8 A HIW-60 24 5 Ep 2
AL I AR A A3 A IR A D). @B,
F1012 g FHb. 898 gt Ay 340 g /KYe R AT
MUEIR A, TH5~10s, MRS EN10 wt%
FIEK T 16 g FARDHEAT 160 g 7K (0 & VA Rk
RIS 7 $iHE 120 s.

Jie b 37 5 B AR A MILD-3 2R 7K Y i i i
BRI 8 A AT AL R A AR A BR 2 =), k4 A K
HN215 g, B E T HO KR 1T wit% B R K
FUIIANIK A, [ 5 AKUE S PR RN B R 1) o 53
W 450, 4.5 K 1350 g I ELBI,  $ K AN
B, EY R J9(180+2) mm, AR (1)
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Wr=Wyo— W)Wy x100% (D)
T Wr AAMINGRIK s Wy R F 7K &
W N AN K &

B A 55 B8 A R Tt ICPAX#%
RS N 35 E Agilent 5110 (OES) (3£ [H 2 ##46 #
BT, KR 50 mg Ak, HFH4KERE
50 mL, il &AFIVE . BE S, BRIV S
AL

Zeta AL 53 #1: {81 Delsa Nano C ! Zeta HE
R A (35 B DL oe 2 P R AR A PR ). K 7KK
EL 9 400: 1 BYZK PR FE AN 1 wit% ) 98 7K 71 VA R
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2.1 PSLCHILHISHIRRAE
2.1.1 FTIR 5 NMR R &5 o0 #r

LC HIPS (1) e SAE FE m DL i o438 B 4 PS Al
LCIFRIEL 5 o A () R s o7 3 B SR AT 1 5
PAZK e B S sl FE A= i1 S TR & B N T
MhstE(ER 1), BRI 2275, 2 m(PS):m(LC)
RN1.27:1, B E N80 °C, NiH[E A 24 h
i, STCRMEENTT5%, PLIKE RS E
N(250+1) mm FIFE G PSLCS R iFE AT 4544 e 1
JRRALE .

LC F1 PSLCS5 ] FTIR i 25 3 an & 1(a) BT
N, MHETLCHFTIRER, BT RIHEI T
PIEER L [F], 2940 cm™ Ab (¥ 3V FF 36 1) i1 45 R 3
W AT I o 3 ) S . 1218 1046 F1611 em™' )
R S=0 B J2 S—O B W Wig i i B A5 31 1 42
i, HARE—E MW ; —OH B4R 31k
I M LC [ 3418 em ™ 175 3| PSLCS ) 3422 em !,
L5 B AR XS U855, 1% AT e 2 BT PSLCS 45 1 2
T B A M4 . FTIR M2 B, 7F NaOH i
WA T, PSHWES LC L EE AR A4
P ERRAY J B . B 43845 T PSLCS 1171,

1(b) >4 LC 1 PSLCS f1'"H-NMR, #H Lt F
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Fig. 1 FTIR spectra of LC and PSLC5 (a); 'H-NMR spectra
of LC and PSLCS5 (b).

HJE T AP IET T, R T AREEREE B R
I\ . "TH-NMR FRAE 45 Rt —DE 8 1 PSLCS
RN R, S AMRAES, F—F0s),
2.12 SEM.XPS.GPC % TGA MR &E o #r

W 2y 20w, SLCAHLL, PSLCHIER
TS IEHE, I ERARAEENZ N 38~154 um).
SIS (2R T DA S B /) (1) RS 730 58 A ) Tk
IKFAE AR A I 438

LC 1 PSLCS 1) XPS 1 w1 ] 2(c)~2(D F7w
VERARR RGN EE R Cy O IR BIRFHAE
U 73 530 437 T 284 F1 531 eV. & 2(c) &7~ T 284.8.
286.2 52 289.4 eV AL [ 4y HE C A5 T U, 4371 )4
J&F C1 (C—C/C—H). C2(C—O)FC3O—C—
O/C=0) L[ CI"L. C1 U] LLAFI N LC [ 43.49% P&
ZEPSLC5142.19%, C2UEHIELHIH LC1)44.73%
1 3| PSLCS 1] 48.52%, C3 &/ H 41 B LC 1)
11.78% B4 %] PSLCS5 [1) 9.29%. itk pliix — i 5 ) Ji
[A IE & H T 75 NaOH [ fiE A6 T PS 52 3L 2L ] &
A LR EERAL S, AEAR T 2R 4 5N TN IR TR
S SE . NFE2 A, PSLCSHIO. Cat &
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Fig. 2 SEM images of LC (a) and PSLCS5 (b). Low resolution XPS spectra of LC and PSLCS5 (c); High resolution XPS spectra
Cls peak deconvolution of LC (d) and PSLCS (e); High resolution XPS spectra S2p peak deconvolution of LC and PSLCS5 (f).

Table 2 XPS and GPC test values of LC and PSLCS5.

Element content (%)

Sample M, (Da) M, (Da) PDI
(0] Ca S Na Cl C2 C3

LC 66.92 29.64 1.76 1.68 0 43.49 44.73 11.78 9100 7700 1.19

PSLCS 68.40 27.20 1.16 2.95 0.29 42.19 48.52 9.29  2.54x10* 1.72x10* 1.47

()& B AT T LC 4 Al B AI% 1T 2.44% #10.60%; C.
Sv Na L& I & &5 MM 1 1.48%. 1.27%-
0.29%. XPS &5 LW 1 77 5 1 S 1 Jl Dy ik
17, DARNEEBERRIE A M 5N

HHF 2 01, LC I 1 E(M,,) 89100 Da,
I T E(M,) N 7700 Da, 7> B4 2 EPDI
K119, S FESMGE . AT LC, PSLCSHE
B+ ESEE B G N4 2.54%10% Da
1.72x10* Da, ;T &4 Z%PDI N 147, 77T
BOMERNGEEZ, HTFHEEEES2 RN
PSLCS LU LCH BRI 7 T &40 . i T =M
RER, — A& H TR LC 8 LRG|
AN T INEERRFE A 53— J7 1 A2 T PSLC5 A%
HARIT A5, FEAKIEWRR, AR T i T At
RUBERR AR & KR FE S, S8 T NEHEF
TERSE S, %W TR E MR, i
W IR K BRib 2 4, EMEAGT,
LC & R4 H HEEMMAMBIR S, R&EHGS T

HIEEPL HRM ST EUKE RN ST '
AR F AR £R 98K FRITE KU Hh 1 23 B,

X LC 5 PSLCS #EAT # Az et b . i H 1
YFHE B ES3 AR, AT LC, PSLCS [H#)
fie oy N3N B, BB BL(30.7~291.5 °C) F
NPSLCS M H /K546 KM R, KM
5L BT N AR A 135.3 °C. 58 B BE(291.5~
606.9 °C) = HF PSLCS5 (ARSI 5, ek #h
fif I P N 363.3 °C . 55 = BL(606.9~738.1 °C) 1]
RE & PSLCS [ 75 M 45 5 N T 8y 2k #, ek
AR N 706.0 °C. TGA 5 KW, MXHTFLC,
PSLCS A5 % S AR 7 (1 ke e P2,
2.2 PSLCX{7Kife g 327 3h Bt

2 1050, MEFLC, PSLCF=#IS o

SR SOKIRI RIS S, AT RR IR

IS A% PR A IR S IR R O
22,1 JSIR [E] RE B PS H =

BE [ N TR AE K, PSLCFE S FRIZK IR 13K
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(F3(dy), STTEREENN289%, HPSHLC
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Fig. 3 Effect of reaction time (a), reaction temperature (b) and PS dosage (c) on the fluidity of cement paste and S content.
photographs of LC solids (yellow), PSLCS5 (black) solids (d,) and their solution in water (d,), LC (d;) and PSLCS5 (d,) with
0.33 wt% of cement of fluidity of cement paste. (e) Water reducers dosage dependent curves of cement paste’s fluidity for
PSLCS and NO6. (f) Time-dependent curves of cement paste’s fluidity for PSLC5 and NO6, respectively.
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IR EE o 1.27 1), PSLCS 7K IR 12 80 B v]
£(250+1) mm (B 3(dy)), STCE S B A 7.75%.
PS5 LCHEHEREILN1.27.
222 BUKFIBERIR

DR [ ROKFHE B KIS
S, a0 3(e) AN, MUK B KT
0.08 wt%lh, PSLCS -5 FHZE R NO6 KK
IR OB R AN, RSN A N (80+1) mm.
2 KN RN 0.17 wt%lt, PSLCS HI/K Y814
KA RS, HRRSIEIAR|(123£1) mm, TfilF
BENO6 115 8 B B B . MiKsRm
NEN0.25 wt% IF, PSLCS (7K Ve 15 32 M 5l &
KF)(227+1) mm, 1 NO6 FI7/K e 142 i 5 i i
F A (134+1) mm. H— DI EBE S 0.33 wi%h,
PSLCS [ 7K e 14 2% I 8] B 1=y 15 (250+1) mm, 1]
7 FH 25 2 NO6 IV A (197.5+1) mm. 24 PSLCS 1)
M E# T 0.33 wt%elf, IR . £ S
Fr BB REIAET, X6 25 R NO06 K
#, PSLCS IR EIF K 8N & LS.
223 JKREKIMBE LR kR

KR B JE 28 B 453 2R 0 28 5 ek /K 7 )

Reth 4R RS, W 3OFTR, 4K
FIHIB 8RN 0.33 wt%l, PSLCS 5 NO6 [ 4H 7
Ay 9(250+1) mm A1(197.5+1) mm, 30 min
J& PSLC5 [N (243.5+1) mm, Rzt
X 2.6%; T NO6 ()38 B2 9 (149+1) mm, Vi
FPESR 5 N 24.6%. 60 min J5 PSLC5 RN A
(242+1) mm, FRBHEIRAF3.2%:; 1 NO6 [F)ii
HERNE0L]) mm, JUTFEA RN . B A 4E
K490, 120 /% 180 minitt, PSLCS (IR ENE 55
N(238£1). (209+1)5(184+1) mm, BNk
TN 4.8%. 16.4% 2 28%. RtL, HIXFTis FHZE
ZNO6IFKF, PSLCS XA ST H{ R ERE .
23 PSLCHIBRWEE.TRERE. MEREERR
TR EZ MR

KIFNETRPEE. T RE. PUR®E
SRR ZE MR EE R . R 7RIS AR R (e K
((215+5) mm) A& 4 J& £ ((600+5) mm), fEfH 55
FIIIN 220 g ] PSLCS 2 300 g {1 NO6 (75 [ & 14
10 wt%), BB, PSLCS [ Fl & kb N06 [ .
Rk, AHXS T NO6 K7, PSLCS fERR I LN
¥R FERI R B 5

Table 3 Test values of concrete slump and compressive strength of concrete of LC and PSLCS.

Slump flow Slump Dosage

Compressive strength (MPa)  Water consumption

Water reducing ratio

Sample type
(mm) (mm) (2) 3days 7days 28 days (2) (%)
PSLCS5 605 220 220 22.3 44.7 43.8 187 13.0
NO6 600 210 300 18.6 359 35.1 195 9.3

Kb Ak, 3% PSLCS Al R 25 £ NO6 i
IKFNHAT T 33 7 Je 28 RIPPU 38 B A . 45 2R
B, 3 KJ5 PSLCS 41 K 58 5 9 22.3 MPa,
EE NO6 (175 H 3.7 MPa;  1fil 7 K J [ R Bk 5 B
BI04 44.7 MPa, L NOG6 ] 5 8.8 MPa. 1E 28 K
Jei PR 70 58 B 6 AR 15 7 R (AT . ARG T 7
F 258 & NO6 Jik /K 71, PSLCS f 2 470 JE 5 & 5
5.

R0 IR K 2R R R, 7R SR ME K &
(I & £ R(180+2) mm B B /K &) N 215 g 261
T, PSLC5 BN 187 g/KEIAIAF](180+2) mm
9 R, 1 LC T 195 g 7K . ARk A (1) AT 5
H PSLCS /KR N 13.0%24, =115 F 25 2 N06
IRIKF 9.3% HIERK % .

2.4 PSLCE/KHIESHT
BATHE— 22527 PSLCS X /K e ki % 1H

zeta AL A S W . I 4 vl %0, 76 M RIR B
ZAET . MXE T LC /K e FURL 3K TH Y zeta HL A7
(-13.02 mV), PSLCSHMN T 85%. Zeta FLAL 4E X}
ELEROK, KRR ] 7= A 1 & H e ks, T 43
BRI 25), 5 PSLCS &R I, Hokies

TR zeta RO 8 0TEEHTHE R, ®&8E T FHa.

Table 4 Zeta potential of LC and PSLCS.

Sample type Zeta potential (mV)

LC content (1 wt%) -13.02
PSLCS5 content (0 wt%) -17.67
PSLCS5 content (0.25 wt%) -22.36
PSLCS content (0.50 wt%) -23.64
PSLCS content (0.75 wt%) -24.71
PSLCS content (1.00 wt%) -24.03
PSLCS content (1.25 wt%) -25.87
PSLCS content (1.50 wt%) -23.32
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Research Article

The Study of a Novel Propanesulfonate Lignin Ether with Good
Water-reducing Performance in Concrete

He-bang Li!, Yuan-long Guo!, Lei Deng?, Wen-hong Chen?, Chang-wei Lv2, Hai-bo Xie!*
(!College of Materials and Metullurgy, Guizhou University, Guiyang 550025)
(°Kezhijie New Materials Group Guizhou Co., Ltd., Qiannan Buyi and Miao Autonomous Prefecture 551200)

Abstract Concrete admixture is one of the important components of concrete. As a kind of concrete admixture,
the main function of water reducing agent is to reduce the water consumption of concrete without affecting its
workability. Lignosulfonate superplasticizer, an environmentally friendly product, is prepared from pulp waste
liquid as raw material with a simple production process. In this work, the novel type of propanesulfonate lignin
ether (PSLC) superplasticizer was prepared by reaction of 1,3-propyl sulfonate (PS) and calcium lignosulfonate
(LC) under NaOH catalyst. The effects of monomer feeding ratio, reaction temperature and reaction time on the
fluidity of cement slurry were systematically studied. PSLCS5 sample showed the fluidity of cement slurry of
(250+1) mm with water cement ratio of 0.29 when synthesis condition was m(PS):m(LC) = 1.27:1 at 80 °C for
24 h, which was significantly better than that of raw LC (less than 80 mm). The structure and thermal properties
of PSLC were characterized systematically through nuclear magnetic resonance spectroscopy ('H-NMR), Fourier
transform infrared spectroscopy (FTIR), gel permeation chromatography (GPC), X-ray photoelectron spectroscopy
(XPS), scanning electron microscopy (SEM) and thermo-gravimetric analysis (TGA). When the water cement

* Corresponding author: Hai-bo Xie, E-mail: hbxie@gzu.edu.cn
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ratio was 0.29, the fluidity of PSLCS cement slurry was (250+1) mm better than that of N06 ((197+1) mm). After
60 min of static settling, the damage of PSLC5’s flowability was only 3.2%, while N06 almost solidified without
flowing. In order to achieve the same slump ((215+5) mm) and spread ((600£5) mm) of the concrete, the demand
for PSLC5 was much less than for N06. The compressive strength of PSLCS5 concrete was 22.3-43.8 MPa, which
was higher than that of NO6 at 3 days, 7 days, 28 days, respectively. And the water reducing rate of PSLCS5 was 13%,
higher than N06’s 9.3%. In conclusion, PSLC5 exhibits better performance in concrete water reduction compared
to N06. The excellent water reducing effect of PSLC is mainly due to the high electrostatic repulsion generated
during absorption on the surface of cement particles.

Keywords Calcium lignosulphonate, 1,3-Propyl sulfonate, Superplasticizer, Electrostatic repulsion



