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ABSTRACT

This paper researched into the delignification nadbm and the relations of black liquor lignin cent and alkali
concentration to pulping time under the cooking gees conditions of wheat straw sodium sulfate-
anthraquinone(AQpulping with Microwave radiation. The results skealrthat delignification process was divided
into two stages: quick stage and slow stage. Tdnaidiremoval rate in the first stage was much higthen the
second stage, that is, lignin has been removed muaffeciently after quick stage. In this stage, aan order of
delignification was 1.5, and 0.5 with respect to ‘OHhe activation energy was 51.90 kJ « thoThe latter
delignification belonged to the first-order reaatiand 0.3 with respect to OHhe activation energy was 72.20 kJ ¢
mol'KJ. Apparently, slow stage needed to consume langeunts of energy to removal lignin.
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INTRODUCTION

Chinese pulp is mainly non-wood, that is, strawppgd. Each year straw pulp production accountafmut 80% of
the worlds’, and wheat straw pulp is widely usedthWthe rise of the pulp industry, a variety of pinlg process
matures. The traditional pulping process, suchodaim sulfate - AQ method, has the advantagesgif yield, low
hardness and good whiteness [1]. The reaction mémhaand kinetics processes have been explored].[But
generally the traditional pulping process is enagnggnsive, time-consuming, and is kind of contreryhe theme of
"energy saving" in today’s economic development.cighivave is a high-frequency electromagnetic wave,
accompanied by high-energy electromagnetic fididshe electromagnetic field, the materials abswmibrowave
energy to produce a high heat [4]. Compared withtthditional process, the adoption of appropréateking can
greatly facilitate the diffusion speed of the cowkiiquid in the raw materials, accelerate the dahreaction and
the dissolution of the lignin, shorten the cookiimge, increase production efficiency, and redueedbnsumption of
energy in the conditions of the atmospheric envitent and the microwave radiation[5,6]. Kineticsemagh of
wheat straw microwave radiation pulping process mainonly describe the dissolving law of some congrds in
microwave cooking process and can be used as #ueetfical basis for optimization of existing pulgiprocess.
This paper researched into the delignification raedm and the relations of black liquor lignin anttand alkali
concentration to pulping time in cooking procedse Teaction kinetics equations of wheat straw sodiulfate-AQ
Pulping with Microwave radiation were established.

EXPERIMENTAL SECTION

2.1The Experimental Materials, Chemicals and Instruments

Wheat straw  (from pulp and paper laboratory of njfiila University of Science and Technology);
Anthraquinone(AQ), chemically pure( from Shanghae@ical Reagent Factory); sodium sulfate, chenyiqalire
(from Tianjin Guangfu Fine Chemical Research Ingt; sodium hydroxide AR, hydrochloric acid (3638%),
sodium sulfide, 95% ethanol and anhydrous ethaam#tic acid, benzene, acetone, etc. (from Tiartjiendcal
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Reagent wholesale company).

Microwave Digestion System (EIHOS A), Shanghai Xikjcrowave Chemical Technology Co., Ltd.; UV - M
spectrophotometer (Cary 50), Shanghai Kuiyuan $éieninstruments Co., Ltd.; Fluorescence microscop
( ECLIPSE Ti-u models), Beijing Ruike Instrumentchaology Co., Ltd.; the pH meter (Delta 320), Jgng
province Wuxi zhongheng experiment instrument C6D.

2.2 Pretreatment of Raw Material

The ear, skin, and the junction of wheat straw weraoved, and cut into 2-3 cm in order to guarattieestability
and unity of the composition during the experimdtg. chemical composition is[7,8]: moisture 6.57Hgnin
15.90%, the cold water extract 10.36%, the hot mexéract 18.20% , 1% NaOH extract 46.13%, benzdoehol
extract 1.99%, holocellulose 71.37%, cellulose 8%7

2.3 Kinetics Experiments of Microwave Radiation Wheat Straw Sulfate - AQ Pulping

Microwave radiation pulping was conducted on thsidaf traditional sulfate - AQ pulping process. [Wlicrowave

digestion instrument power was 450 W. The expertalezonditions: temperature 110 -12Q alkali content 7%,
Na2S 1%, the AQ 0.025%, liquor ratio of 1:20. Measihe black liquor pH and diluted 100-fold blaaubr lignin

absorbance each time, and calculate the lignineoonising the linear relationship between ligninatration and
absorbance.

RESULTSAND DISCUSSION

3.1 Analysis of Cooking Process

The amount of delignification was gradually inciiegsand alkali was consumed with the extensiorhefd¢ooking

time during cooking process. Here removal ligniogess was analyzed at 120 It was delignification situation of
initial state and cooking for 90 min. It can be eb®d that wheat straw cell structure ruptureaditiglissolved and
removed for cooking 90 min under a fluorescenceasimope (Figure 1). The photos showed the remaiisnder

cellulose. It could be obtained that process op maloking basically completed by breaking apartpss.

Figure 1 Wheat straw fiber structure of initial state and cooking for 90 min
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Figure2 Changes of lignin content L, and alkali concentration [OH] with cooking time

3.2 Analysisof Black Liquor Lignin Content and Alkali Concentration in Cooking Process
The lignin removed was left in the black liquorpalping process. The higher the lignin content wathe black
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liquor, the greater rate of removal lignin in thep In the appropriate cooking process conditidmack liquor pH
value was determined, and alkali concentration[OB&RH the lignin content Lh were calculated at défe
temperature and time. The changes of lignin condeat alkali concentration with cooking time werewh in
Figure 2.

Figure 2 displayed the process of delignificatinrthe cooking process. It can be clearly divided iwo phases:
quick delignification stage and slow delignificatistage. When the cooking time was close to 45tignin had

been more fully removed and the average removairigate was 73.1%. For 45-90min slow lignin renlastage,

the removal rate gradually increased to 84.6%. réke= of lignin removal rose slowly. That might battthe longer
the cooking time can result in lignin polymerizatior suck back in pulping conditions of microwaweiation.

3.3 Analysis of delignification reaction kineticsin cooking process

3.3.1 Determination of reaction order, reactioe i@nstant

Under the conditions of the cooking process, trengks of black liquor lignin content and alkali centration with
the cooking time in the different experimental temrgiure were shown in Table 1.

Table 1 Measured Results of Lignin Content and [OH'] at Different Temperatures

. ) . quick stage slow stage
(C) Time (min) 5 15 25 35 45 60 75 90
Lignin Content k(%) _ 421 568  7.22 923 1046 11.05 1141 11.73

110 [OH]x10° (kmol/L)  0.1484 0.1175 0.0852 0.0621 0.0396 0.0190 0.0096 0.0028
120 Lignin Content I,(%)  5.05 6.02 7.81 9.84 1141 12.01 1242 1271
[OH]x10° (kmol/L)  0.1375 0.1023 0.0689 0.0464 0.0295 0.0096 0.0060 0.0020
130 Lignin Content l,(%)  5.56 6.75 8.18 10.36 12.01 1256 1294 13.15
[OH]x10° (kmol/L)  0.1202 0.0805 0.0506 0.0300 0.0204 0.0075 0.0023 0.0013
140 Lignin Content (%)  6.12 7.68 8.92 1096 1276 13.28 13.64 13.77

[OHx10° (kmol/L)  0.0993 0.0601 0.0327 0.0224 0.0125 0.0060 0.0017 0.0010

The lignin removed was left in the black liquorpalping process. The higher the lignin content wathe black
liquor, the greater rate of removal lignin in thelg In the cooking process, the delignificatiomaton rate was

_db_du, kfon-]"
expressed as: dt dt L
Equation (1): L- pulp lignin content at a certame(%); Lh - black liquor lignin content at a céntéime (%); [OH-]
- alkali concentration at a certain time (kmol / kxooking time(min); k-delignification reactiorpsed constant;
n&m- reaction orders for L and [OH-].

Take the logarithm for equation (1):

Ig%:lgk+nlgL +m|g[OH'] 2)

Write equation (2) as the differential

lg A:th = |gk+nIgL+mIg[OH'] (3)

Processing the measured data in Table 1 using#st $quares method for the binary linear regressioation [10],
reaction rate constants and reaction orders catagned. The fitting results were shown in Tahle 2

Table2 Fitting results of kineticsin cooking processes

quick stage slow stage
T(C) reaction orders kx10® reaction orders kx10°
n m [Lekmol ] Memin’ n m  [Lekmol™]Memin*
110 1.4915 0.5158 0.8016 1.0290 0.2696 0.1104
120 1.4997 0.5271 0.5911 1.0397 0.3190 0.0592
130 1.5084 0.5372 0.4022 1.0598 0.3219 0.0328
140 15430 0.5494 0.2452 1.1047 0.3259 0.0212

The fitting results showed that reaction order @fghification was 1.5, and 0.5 with respect to @the first stage,
and the latter delignification belonged to thetfwsder reaction and 0.3 with respect to 'OH
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3.3.2 Determination of the activation energy
Reaction rate constant varies with temperature. fétation between them should satisfy the formulathe

Arrhenius:
-Ea

k= AeR™
Ea-activation energy (J/ mol); A-exponential factbe same units as k; the R- gas constant, 8/3ddl « K).

Table 3 The reaction rate constant of different temperaturesat the different stages

quick stage slow stage
UTX10(UK) 76 Tnk Eaimol) A <0 Ink  Ea(k/mo) A
2.4213 0.8016 -7.1289 0.1104 -9.1114
2.4814 0.5911 -7.4335 0.0592 -9.7346
2.5445 04022 -7.8186 % 30510 (o308 g03251 1270 1.62x1D

2.6110 0.2452  -8.3134 0.0212 -10.7615

The curves ofink versusl1/T were plotted and fitted linearly in Figure 3. Tapparent activation energies and
exponential factors at quick stage (line 1) andvsdtage (line 2) can be obtained. The results wkosvn in table 3.
The activation energy of quick delignification stagas less than the slow one. This may be expldimtdsmall
molecular weight lignin was dissolved mainly atakudelignification stage. The high molecular weitiphin was
gradually stripping, which need more energy to gsthe chemical bonds between the macromolecigiainl
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Figure3 Thereation plot of rate constant and temper ature

Kinetics equations of wheat straw sodium sulfateuping with microwave radiation can be summaribgdhe
calculation of reaction orders and activation er@rgs follows.

Quick delignification stage

S0t ofon-] = peFT L lon-]" = 3.05><103exp{7_ 51900}L15[OH‘]°5
dt RT

Slow delignification stage

O ofom ] = A lon ] = 1.62><105exp{_ 72700)L[OH -
dt RT

CONCLUSION

1. The delignification mechanism and the relatiohblack liquor lignin content and alkali concenitba to pulping
time were studied under the cooking process canditof wheat straw sodium sulfate-AQ pulping witicidwave
radiation. The results showed that delignificatfipocess was divided into two stages: quick deligaffon stage
and slow delignification stage. These two deligmifion stages were to follow certain rules of rieexckinetics.

2. The rules of reaction kinetics were obtainede Tignin removal rate in quick stage was much highan slow
stage, that is, lignin has been removed more sefffily after quick stage. In the first stage, reactorder of
delignification was 1.5, and 0.5 with respect to-OtHe latter delignification belonged to the fisder reaction and
0.3 with respect to OH-.
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3. In microwave radiation straw sulfate — AQ putpiprocess, the apparent activation energies ofkquic
delignification stage and slow one were 51.90 a@d20KJ/mol respectively. Apparently, the later resbdo
consume larger than the former.
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