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Abstract: The performances of sulfonated wheat straw lignin (SWSL) , which is a sulfonated product of wheat straw lignin extrac-
ted from alkali pulping, used as concrete water-reducer were studied. When the dosage is 0.25 % ( based on concrete) , the
water-reducing ratio of SWSL reaches 13.5 % which is higher than that of calcium lignosulfonate ( CLS) obtained from sulphite
pulping; but the 3 and 7 d compressive strengths of concrete are only 113 % and 105 % respectively, which are lower than those
of CLS. Further researches indicate that, in the alkali solution of cement paste, SWSL has good foaming property and foam
stability, which result in high water-reducing ratio. However the foam of SWSL solution is large and non-homogeneous, with the
largest bubble diameter of 2 mm, which leads to decrease of the density of hardened mortar blended with SWSL. The content of
pores with a diameter less than 0.0l mm was relatively low; while the content of pores with a diameter between 0. 01-0.05 mm
was high. Thus the compressive strength of hardened concrete was reduced. The sulfonation degree of SWSL is 1.1 mmol/g and
its molecular weight is 4 424 only, which are all lower than those of CLS. The relatively low sulfonation degree is the reason that
the dispersibility of SWSL is not comparable with CLS.

Key words: lignin;sulfonation ; concrete ; water-reducer

B AR T 2% 2 B3 i e R (AR B vk MR R £ 3% ) P i R 2R aY , th T R G, O i) AR R
W RN HA B G 0 HOCSFPERE TN H 4552 B EE A o (FLAROAC I 38 20 1 4 B A ARG 20 1 A (M) 23 A B
Vo ik Z 9 R PR E RE T, N PR R 25 o IR R T R 7 TR B A ) 3 [ AF 7 R g 100

I %5 B #7 :2007 - 05 -20
BB A HAR 24 (05103536 .05300211) ;7 44 B4 3181 (2006 B14401006 )
TEE RN M (1975 - ), &, REET N BIBESE 51, A WE 58 07 n) A ik 2 T 72

* BWAES T2, 8082, A4 S0, 322 S 40 ik 2 TR B 9% o



68 N A 4 528 %

7L 5 PR i o) I R P ) AR B B R R A AL e — R P R BB KR o T A R A T AR 2K TR B K )
JEARR LT R A SR AR o TR B AR B 3 e S TS U - JR K R Y O R R A R e AL
A T LA 186 AR R 3 AR K P A BB L A Yasuyuki A AT K AR BT 3 40 R AT — AL B AL L A T
AN ST RREAL 7 i X 7K B 20 BEOVE E FU A i SR B AR ER 3R 7 30 % ~ 70 % o (LR AR UL, Bl A it 3R 19 T
A7 it K FRAER o TR B P 30 588 ZOR AN WS ol G P AR ) 2 B BRI . AR BRI o A A i 7
2 TE R IR T A ok U T 2 Bk S 00 iR T R BT A SR K P R L 4 BRCRE G i B R BT R
(SWSL) . fEFURGEEFE SWSL {9 B HPERE (W) 1L RE L2 45 M RFAE , R 28 iR A% 6 TR 36 - 14 34 5
RORAH] R NAE R, Sy SWSL 8 Tolk iz FH Kt — 5 1k 2 e v 4 Ak R Atk B

1 55
1.1 %

A B = L0 A SRR A BR S F $E4E ; SWSL AR 5286 == 5 i AR BT RS ER 45 (fa FRAES , CLS) 75
AT R T A BR S w2 72 5 K IR A T N K R T 4 2 R 32, SR kR R K R .
1.2 XWHE
1.2.1 Rjadgeegm 2k FH 50 g/L B KA W, B 15 mL & F 25 mL W@ %€ B ZE -
NEEBN 25 Yk, OO R R TN D VR Y o B 25 R D IR R B . #E 5 min, 15 min 5 FF
W0 9 A g B T) B U 5 T UK A R/ N B S
1.2.2 KRS R A EARELEEGALE i GB 50119 2003 Fl GB 8076 — 1997 #47 .,
1.2.3 s 3Lz A agml 2 B IR B 0 01 0 B A b S i i, PR =X I B B B AR AL 43
AR bR R K P B B i - 4 1, A7 I o DL R B 4 R % 45 4 RN F] Y Superimage F2 5 43
MrE R, Ge 0 5 i FLAR o A 1 O o
1.2.4 AR EEATF oL e alE PSR e — & B EY 3 5 iR (m,) J5 76 110 °C 2%
PFF T4 16 h, FAE 5 Pa S5 8 FHHELES 2 h J5 R IRAETCAK S B FREZIZ I 24 h J5 (P 0T i (m, ) LA
KB MAIECBER BB E (m,) 4% (1) M= (2) THR % B (p,) AT HALBUR (y) o
pr=my/((m; —my)/p,u) (1)
y=(m, —my)/(m, —m,) (2)
1.2.5 2o4PROK M Z FE Auto system XL/i-series/Spectrum 2000 2T 4h 34X % FHIRAL 80 R A
B
1.2.6 ARAZTERAESETMNE ML REFCH-B S0 E %k, BRI R UV IR 20
W AR S 5 R Zeisel 15,

1.2.7 MA5FREM,) 5HME BRSSO H 2201

Waters Ultrahydragelw 120 Fi1 250 B B M B, 3R sh #H M 150l

0. 10 mol/L fi§ i ¥ 7K ¥ WL , i 3 A 0. 50 mL/min, k5 #E Jy :

KT BETR AN, SR Waters 2487 Dual A 22 16 I 28 4630 % 140

2 ZiR50HE 100}

2.1 BWEURAKRE(SWSL) B AR 60 : : : : )
. R 0.0 0.1 0.2 0.3 0.4 0.5

2.1.1 MRRARRFHEG Y0 T IFH SWSL -l R

PERE, LI AE KK L (m (K) s m (KPE) )ME N 0.38 BF Il E  —o— AMRERMERSS CLS; —A— B LHA B E SWSL
TKEJ*?%(*HX*TZK{E B/‘Jﬁiﬁﬁ,?ﬁ)? SWSL %f 7K B 1 ik X ok R v 4 5 3 R B B2

/Fhiﬁélﬁ /Jﬁijjﬁ E/‘J 5 ﬂﬁ s ﬁlﬁ 7k ﬁﬁ%ﬁﬁi Eﬁ%{g ( CLS) ﬁz Hﬁiﬁz ’ é% Fig.1 Effects of water-reducers on the flow-
RE 1R, ability of cement slurry



42 VEJBL , 55 « B A 22 B BBAR JBE 2R 1Y 45 1) AR AU G A A YR O a5 o e 69
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Table 1 Effects of water-reducers on the performance of concrete

e BE/% WK % i 558 B compressive strength/MPa PSR B L compressive strength ratio/ %
samples dosage water-reducing ratio 3d 7 d 3d 7d
25 19 blank 13.2 17.6 100 100
CLS 0.25 10.2 17.7 21.9 134 125
SWSL 0.25 13.5 14.9 18.4 113 105
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Table 2 Foaming performances of SWSL and CLS in cement slurry solution

B W 7K 75 JE foam height/mm RIS

samples H G initial 5 min 15 min foam pattern
CLS 68 55 50 M, AN %] rough, non-homogeneous
SWSL 77 65 63 M, AN %] rough, non-homogeneous

2 SWSL(a)#n CLS(b) kA KH RS
Fig.2 Foam patterns of SWSL(a) and CLS(b) solutions
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Table 3 Effects of dosages of water-reducers on pore size distribution of hardened mortar

W 3/d Wk ﬁ:}:giﬂfi{f_ L4543 #i pore distribution/ %

age water-reducers reducer <0.01 mm 0.01 ~0.02 mm 0.02~0.05 mm 0.05~0.10 mm >0.10 mm
25 [ control 0.2 44.0 24.0 18.0 4.0 2.0
%5 [ control 0.4 48.0 32.5 15.0 4.5 2.0

3 CLS 0.2 52.0 22.0 17.0 4.5 3.5
GLS 0.4 45.0 32.0 15.0 4.4 2.5
SWSL 0.2 48.0 23.0 20.0 2.9 3.0
SWSL 0.4 50.5 31.0 11.5 3.0 2.3
%5 1 control 0.2 51.5 23.0 18.0 4.0 3.0
25 control 0.4 51.5 32.0 10.5 3.0 1.8

)8 CLS 0.2 66.0 19.5 15.0 4.5 3.2
CLS 0.4 48.0 33.0 12.0 2.9 2.3
SWSL 0.2 52.0 23.0 17.0 5.5 3.0
SWSL 0.4 52.5 31.8 9.0 2.7 2.3
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BRI, 5 CLS HAr, 7K 18 B T 8 i SWSL (1 8 4k a0 3% %5 /N FLBR %, LR/ F 0. 01 mm (1
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Table 4 Effects of dosages of water-reducers on open pore ratio and density of mortar

B B/ % JF I FL R open pore ratio/ % BB density /(g +em™)
samples dosage 3d 28 d 3d 28 d
%5 [ control 14.68 13.49 2.319 2.216
CLS 0.2 13.29 11.74 2.166 2.154
CLS 0.4 12.88 11.43 2.023 2.022
SWSL 0.2 13.94 12.01 2.214 2.144
SWSL 0.4 12.37 11.21 2.038 2.028

2.3 BEUEARE(SWSL) WEHS
2.3.1 sbkaEaAr  ME T SWSL IWLLANROLE , IF 500 53R (CLS He, 5 R nlal 3 firs .
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Fig.3 IR spectra of soda lignin before and after sulfonation
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Table 5 Content of functional groups of alkali lignin before and after sulfonation

Hedh BALE/ (mmol - ™) AR 5 % M e I A He/ %
samples sulfonated degree content of methoxyl groups content of phenolic hydroxyl groups
B A i & soda lignin 0.0 10.39 2.98
SWSL 1.1 5.40 1.82
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Fig.4 M, distribution curves of water reducers
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Table 6 M, distribution analysis of SWSL

BE i, , My /M, M, 5375 distribution of M./ %
samples >20000 10000 ~20000 5000 ~10000 1000 ~ 5000 <1000
SWSL 4424 971 4.6 1 10 20 45 24
A i & soda lignin 2725 266 10.2 1 5 12 34 48
CLS 11370 886 12.8 18 16 15 31 20

LG T R WFSE AT R, SWSL 5 CLS e 73 74540 by 3222 50 e TR Ak BE A M, o il TREAL %2
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