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Study on Wheat Straw Alkaline Sulfite Pulping Biorefinery (1)
——Characteristics of Extended Delignification and

Lignin Sulfonation
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Abstract : The biorefinery concept of non-wood lignocellulosic fiber biomass alkaline sulfite pulping ( ASP) was proposed in this
study. The influences of total alkali charge, sulfurous acid degree, cooking temperature and time on the characteristics of wheat
straw extended delignification and lignin sulfonation were investigated. The results indicated that ASP has a high selectivity on
extended delignification for wheat straw, and the degree of lignin sulfonation increased with the extending of delignification. The
total alkaline charge, sulfurous acid degree, maximum cooking temperature and time at maximum temperature have significant im-
pacts on both extended delignification selectivity and lignin sulfonation degree. A good extended delignification pulp with yield
56.8% , Kappa number 8. 8, and viscosity 33. 3 mPa- s was obtained under the cooking conditions of the total alkali charge
18.0% , the sulfurous acid degree 85.0% , liquor ratio 3.5, maximum cooking temperature 168 C and 150 minutes at 168 C.
Meanwhile the lignin sulfonation group content in the black liquor was up to 2. 16 mmol/g. Based on the extended delignification
selectivity, the lignin sulfonation and the basic pulp properties, ASP has good perspective for wheat straw pulping biorefinery.
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1.1 #

F¥ A 4 5 (Triticum aestivum c. v. yang No.4) , HUH B 5=, WAF—4F, B B85 U1 A% 25~
30 mm KH T BRAY BT IR TP K 438 F RS SCRR[ 11 ] 23 AT, FeAb = 1o o0 S R - B2
YK 47.78 % ,FEANEARTTER 19.16 % , R KT 2.20 % , JLRME 22.63 % , Bk %) 11.80 % ,
1 % AT 40. 60 % , K- ST 1. 68% , K51 6.54 % , A AbhE 2.87 % .
1.2 #&Z

K ASP 75, 7F 10 x 1. 25 L efhia 28 B anib T, ZH M 80.0 g( AT, ) , EiRkE
e YL E THIELAE] 90 min , B (AQ) FH 0.05 % (LA4aTit, FIAl) kL 1:3.5(g: g, FIAl) Bl &
AT R AL FE | e o YL R R TR AR Y 92 T R84k
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2.1 WHAEX ASP RERARZRARREBUHZIN
FEFHE R0 A 5 STk e BB &= (BL NaOH 3, F ) 43518 14.0 % | 16.0 % |
18.0 % F120.0 % , WHELFRILIE'85.0 % ; ft i i E 168 °C ;%4 150 min; i 1:3.5;AQ HIH 0.05 %
(X4 1) AT 788 B R LR 1,
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Table 1 Effect of alkali charge on ASP extended delignification

= i3 i A 4 i
Eﬁj jif e% 14/% LG /( iij: 9 FIE(IS0) /% 248 pH (K fjf;iz?;] / rff;fj-%g_l )
charge yield Kappa no. viscosity brightness final pH value residual sodium sulfite  sulfonic acid group
14.0 58.7 9.5 36.1 50.0 9.8 3.1 1.59
16.0 57.4 9.0 34.0 51.1 10.0 6.2 2.05
18.0 56.8 8.8 33.3 52.9 10.1 9.5 2.16
20.0 55.1 7.1 32.7 53.3 10.3 12.9 2.17

1 FAEFRI Y WAL R LR R 85.0 % , BB 14 % B IEBHRIA(EN 9.5, 5 Soda-AQ AL,
TR A R VR B AR B B AR ik 5 S A B A O I SR A SR — 2, — A, 4R 14.0 % 1T
) 20.0 % B, RAAEP 5 2 00T B # , mT U Bt o P St 38, R 5 28 T AR B0 , 6B ASP 1
AT IR IR AR B 55— 5 T, 4T 14,0 % B, 40K 15 R 51k 58.7 % , # Soda-AQ 5 10 %
(XHERE) 2247, 20 S Ak 223 st | AR R B/ IN T B, ¢ BH BE 25 B HH & I 30, /K Ak & W B A 45
AN, SRR R e i R T IR R R Y R 14,0 % B, LR A 36. 1 mPars, 5
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Soda—AQ FHLL, #5210 mPa- s, MG i BTN R T B 4URAS R T BN, (HR TR,
2GR I ASEA TR BE AR 22 A, SRR P B AR Jo R R R S AR R 1 A0 DAY b e o i e ) ek
A PR B R ER BTG R . BRULLASE iZAS IR (180, T 1A)) ik 50.0 % L IE 5 T Soda—AQ
AEIRIE I, EROX L R A5 R0 2R AR f T ASP 12 HAT (A R B J AR JBOR e £, TR e
PRI Ay S e ) o [ o i 2 17 28 8 9 S R A S R I A 2 A P 9 2, E — 5 1) 91 LR n S ] A
HTFXS F 7 BOHAL B3 IR i 28 R 7 BT AL, 77 A B 22 A K PE RS R |, (2 RS AL AR B s BT
2.2 TR EN ASP REMARERARREELH T

N 1 AT LI TE R G U i i Ak ARIR RIS 8 R E K A e IR s i — 2D IR FE R
ARBURMBALR S, A iE— DO HR B A 3R M SRR, 1B 16,0 % K 18.0 % BT
BRI 168 °C PRI A 150 min, WL 1:3.5,AQ FIEE 0.05 % MIAMF TR THR R 5,
GERIE 2,
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Table 2 Effect of different sulfurous acid degree on ASP extended delignification

B/ % WRR " E I FRARE§ TR Ak
Eﬁlﬁjlie {izéh/% 15})?/% AT /( fl'i’dg s) I UE"( 150) /% pH & /?j[flli)] /( mrf;b ')
dosage sulfitity yield Kappa no. viscosity brightness final pH value residual sodium sulfite  sulfonic acid group
80 56.0 8.0 34.2 51.8 10.0 5.7 2.18
16.0 85 57.4 9.0 34.0 51.1 9.9 6.3 2.05
90 58.1 10.7 32.8 50.6 8.9 8.3 1.72
95 58.5 11.5 31.5 50.1 8.5 10.6 1.65
80 55.2 7.9 34.0 53.2 10.3 7.5 2.29
15,0 85 56.8 8.8 33.3 52.9 10.1 9.5 2.16
90 57.0 10.5 32.4 51.1 9.3 10.1 2.03
95 57.5 11.0 31.2 50.8 8.6 13.4 1.98

W2 FioR  ZE BB R 16.0 % |, WHBRLE A 80.0 % B JRHHRAAM N 8.0, 5 Soda-AQ AH L
GHEZRZBL S RAMER 14~18) , RIS TREE R BT R e, — 71, 4 AR R fL A 80. 0 %
EFEN95.0 % B, HAAAMEE B/ B, 00 W AT RR TR B B4R v, ARG TR, K R s b, T
BE5 BB TLE I RAAR , AR B S kS i 5, 26 ASP sk vl AEAT IR AR R K5 55— i, 24 A%
FRALIE 7 80.0 % B, F35535 56. 0 % , WG R fh B 4k 22 T = B, AR S 1 T, 3¢ B Bl 45 0 T 1 1Y)
P, AR B R Bk K Ak B W R D, TR, 7R R R Ak B A 80.0 % IR, B B Gk
34.2 mPa-s, & WARRR AL B (19 b F-, ZERERS A T B, R EA RIAFM MR BT R L8V, &N
18.0 % Fif SV PR A B XoF J A S5 22 1 i %) i o 2 B TR AR AR, (AR R0, SRV P R R L 1 5 1
A Z WA R AL B (520 | 8 52 HL 28 B 25 pH (H A5, 7R & 16.0 % B, Bl 245 pH {HAYE
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36.7 mPa-s, f3%H 61.9 % . BEE T, RAAELRS: N, Y fem E ) 178 C /), RAAE
TRER] 7.7, FEEEASRER, O 30. 8 mPa- s, AURAFRMIL R, 53.4 % , i RAMEEZZ B Soda—AQ ¥
AL, B A5 N EFE . Soda—AQ MK 152 , W ASP LA i TR A R Rk b, oA I
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Table 3 Effect of max. temperature on ASP extended delignification

ot z[z

e ko ke R ppasoy e AR SRR P
temp- yield Kappa no. viscosily brightness pH value  residual sodium sulfite sulfonic acid group
148 61.9 19.4 36.7 43.6 9.8 18.8 1.75
158 59.5 11.9 35.7 47.9 9.9 15.7 1.89
168 56.8 8.8 33.3 52.9 10.1 9.5 2.16
178 53.4 7.7 30.8 53.4 10.2 6.3 2.39

2.4 HHEX ASP RERAKRERARREBEL KRN
ZRETET i 18.0 % , WARBRILEE 85.0 % , fer i J& 168 °C Wk 1:3.5,AQ HI&# 0.05 % T i
17, PRUGLE )X ASP R BE A BT 3R RO 52 UL 3 4
x4 FHEX ASP FERAREN T

Table 4 Effect of the time at maximum temperature on ASP extended delignification

holding time yield Kappa no. viscosity brightness pH value  residual sodium sulfite  sulfonic acid group
30 61.4 17.4 35.1 42.7 10.9 18.2 1.36
60 58.8 14.9 34.0 47.9 10.7 16.9 1.51
90 57.6 13.1 33.7 50.6 10.6 13.2 1.85
120 57.0 11.2 33.5 51.4 10.4 11.0 1.99
150 56.8 8.8 33.3 52.9 10.1 9.5 2.16
180 56.4 8.3 33.0 54.0 9.9 8.7 2.29

4 Won, GO 30 min B FORRAAMECA 17. 4 13508 61.4 % JER ORI A, SRR R EAR
TR EAD R R BB BRI . — 5, S AR A 30 min - TH3] 180 min W, RAA A 4EZE 2
BT RS 55— T3 T, SR PR 1), AR RN e 3 B AR DN | SR T B R o ) A9 S 4 koK
WEVRERREN T, REAE DRI 8] BT, PRIECP AR R S S RS b a5, R PRR A EA
AT IRBEBATER , T HALA R T AR R o [RIE A B, B f T I 1) A 2 4, AR (3 B2
AW, F1K 54.0 %, RKRIET Soda—-AQ JKM HE , it — P UEWIE Y 1 PRI BEE OB A AR R BT,

3 %5

3.1 FRGE WAL ER W2 (ASP) 5 HAT B TR A T 3 e et VR B A o e 1 S i AL A T
Rt B 8, 7E S R 18.0 % , WELERILEE 85.0 % mmi 168 °C , {1 150 min 955
PR, TS RAA 1 8. 8, 315598 56. 8 % , B N 33.3 mPa- s BYUL B ACK IR B0 b K o A R 4L 2
ik 2. 16 mmol/g( LLEIEWIIT)

3.2 YWHRILIERE N 85.0 % ,BHHETE 14 %~20 % JLEIE N, 5 T B WA 5t 2k 0 i 2
AR TR R B A4

3.3 YRS E TG RN, WKL 80 % 395 % 2t R EE BRI T F(EA 4k 35 2

TR A 0 R e | Bl A 205 pH (ALY T, AR T RS R I 1% 1t (9 A8 Ak R =k 34

3.4 IREERN LR R S ] RER B WA B B e B R T R AL K R, FE— e Y TR BT
PRIGER B] 4 ZE A5 ) IR BE A B R i Ak

3.5 MIREEWEA BT 2 BE £ M R T R i AL RN 4RI SE AR PE 5 18, 22 75 ASP 1 5L i 38 A 0k i 1

A 5%,
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