wm =

[ AR AR R R FAL T2, A BRS L%
Sk, AR — R AR, RARERS. AR, 5
DB ERURAFER SRS, HTFAI—LAE K, HEHH
sAMY, EREEKSEEE.

A REE PR SR T H R, T AR
PR EGERT L 516 T — 37 0 B TR AL, 1 S50 TR, 3¢
R R AR PEEAT T RAL . 5148 BOFTA 1T R E A T RO L
(AT T BB, JFERTERL & TR 61 R AL FIR A X
SHERTS AN REAFTRR BN SS MR T Bt
GHTRAE. Hit—5 BB TR TR R LR AT B R,
A SRR T Z BB R SRR 10K & . AE R
AT R LR 25 ARt LA T 4598 |

PO SAL R0 A PR BERRIIREE Jy 80%, SALIREE 80°C,
PORTRTR Y 18, RN 3 h, FIRBLORRERE: #
YR 80°C, BRILETIAI 2 h, MIRRMRBRELH 15, L
IR SRR R AR PR R S R A
ST E B OB, ST AER, ERRas TR,
B L B RAL AU A TR 2.05 mmol.g

MR A 0 1 45 2 30 AT T BT 0000 2 R AL R B
W, RSB ENBAR T AR, AR EORREH W
AR, FEFEMELHRE, WRTAOBEBMSNE TR,
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TEET R ERERANART T EMERT, WRT B,
FATT R B E AR L LR Z B R, LR 0.150 mol, ZEF
0.050 mol, EHFIFHE 0.060 g, HRNYEEER 0.53 %, BIAE
BERN 1.5h, ZBZEKWERIZ 93.63 %. ITRERKFHERIEMRL
ZB SRR RN RN P HRIE T RIFOELEE.
rREBGHEREE S EN - TRIFEEKE, BRI o
BoHERKEFY, UFEE. KEEAEMFBLTY. 1TRER K
BRI AL, TAEAER, RNYECL o-0RIE S5KIERE R 1:4,
FOOCEMBTRM12h , a-TRIGFHLETIX 89. 61 %, o-iAHEER
RIS 41. 57 %. |
HREBBHRBRIENEGREAHMEARENERE, EHR
RSN, EREIETREERSE, HTHRE BFER, R
% ’r’rﬁ%lﬁl%Eﬁ@%&{%wﬁ‘éw&rmﬂ.a-ﬁ‘&%mé&ﬂiﬁﬂ‘, KIAMT
RiFmiEtt, BESFHMRRE.
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ABSTRACT

Solid acids have wide applications as replacement for unrecyclable
liquid acid catalyst in chemical production, separation / purification and
polymer-electrolyte fuel-cell (PEFC) technologies because of the green
approach to chemical processes. As a new type of catalyst, solid acids
have some advantages such as its high acid strength and high activities in

many organic reactions, which being easy to be separated from 'the
" reaction mixtﬁre, no corrosive to reactor and friendly to the environment.

In this work, a series of high acidity biomass char sulfonic acids
(BCSA) have been prepared from bamboo in this novel approach. The
new foute for charring process catalyzed by sulfuric acid and sulfonation
proéess catalyzed by oleum has been established, and the conditions of
the process have been optimized. Acid capaciﬁcs of all prepared samples
were measured by acid-base titration and most of which can reach as
mﬁch as '1‘50 mmol g, Structural characteristic of samples were made by
XRD, Raman spectrum, and FT-IR. The catalytic activities of samples
were performed by esteﬁﬁcation between acetic acid and ethanol and
hydratati,on of a-pinene. Several conclusions can be drawn as folléws.

The optimistical charring conditions are concentration of sulfuric
acid being 80%, ratio of sulfuric acid and bamboo being 1:8, charring
time being 3 h, and charring temperature being 80°C. The optimistical

sulfonation conditions are ratio of oleum and CB being 5:1, sulfonation
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time being 2 h, and sulfonation temperature being 80°C.Under the better
charring conditions and the much better sulfonation conditions, the acid
capacity of biomass char sulfonic acid made from bamboo is the highest.
It is about 2.05mmol.g".

Synthesizing the patterns analysis of XRD, TGA, FT-IR and Raman,
the preparation process has proposed, and the possible structure of the
Biomass 'cvzhar sulfonic acid is given. In the charring ﬁrocess,
hemicellulose and cellulose of bamboo are decomposed, parfs of lignin
begin to decompose, but the basic net structure in lignin is not destructed
completely. The fractions which come from the decomposition of
hemicellulose and cellulose connect the nét structure of lignin into the
formation of polycyclic aromatic rings. Five or more aromatic rings
compose a small structure unit, and numerous of such units compdse an
irregularly layer. Finally, many layers make up charred materials. Thé
number of the aromatic rings in a unit has significantly depended on
catalytic charring conditions. Sulfonic groups substitute hydrogen atoms
at tl‘ue. edge of aromatic rings in the following sulfonation process,
resulting in successful introduction of plentiful SO;H groups onto the
aromatic scaffold. Certainly, the catalytic charring process is complexity
arising from dehydration, condensation or even sulfonation reaction
carried out at the same time.

The catalysts BCSA have shown excellent catalytic activities in
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esterification. Ethanol conversion» after reflux for 1.5 h and no
by-products have been detected. The ethanol conversion increases with
the increase of catalyst capacity. While acetic acid being 0.15mol, ethanol
being 0.15mol, catalyst capacity being 0.060g, time being 1.5h, the
conversion of ethanol is 93.63%. Conversions of acetic acid in
esterification between acetic acid and different ethanol catalyzed by
BCSA are all above 80% within 1 h and reactions are nearly completed in
2 h. The catalysts BCSA have shown excellent catalytic activities in
hydratation of a—pineﬁe. While solvent being acetone (10ml), a-pinene
being 4ml, distilled water being 1.8g, temperature being 60°C, time being
~ 12h, the a-pinene conversion is 89.61%.

The novel catalyst, biomass char sulfonic acid from bamboo, has
high acidity and good activity as solid acid catalyst. The prepare process
has been identified to be effective, easily operated and widely applied,
and the production has been identified to be hfgh yield, high acti;/e, stable
and recyclable. Based on what we have seen in catalytic reactions, we are

confident that the biomass char sulfonic acid is an efficient catalyst.

Key word: bamboo; bamboo char sulfonic acid; preparation; catalyst;

characteristic
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P ARG AE AL I B & . S I RIERIHERERT R

B FERRE R R AT R . EE AR R REE B R 8
LR BRI RN, THPRASER. FAERMARENK
XK E, FERBIEIATTR. TERAKES. FRXFEE, 174
WA R MAFEB AR TR KGR 28 PO B

(1) F#: 7£ 150CLLF, #@EEFRR, FERITHFAIRH

KHMERRY, HEHASILFREZL.
@ TR & 05T, IHHBREILENE, FEEH
RAER CO. CO MPEBHBREYI.

(3) &Ak: 7 275-450°C, FTM BRIHSE, ER KB WY,
Bk Lk PR, BRAITERS. X—HREERK
REHH.

(4) fBhe: 7E 450-1000C, TREZFEHK, EAFKEDBR

N, BBEMRPHOBERYEAL, URERERK.

HA, IR i Tlkdl& ik FE A L EEREGIENTRENE

&ﬁﬁ””k TEREHER AR BEEN#TR, LEON
MEMREE = A HE EABET, BaEAT 8, &RESESRSY,
ZEHBMBEREASS. LEESGEFHEERTR. THE. M
wA R, BREGEE). BRABHENR. LEANET, —RE
BHWE—RALEL, BRAEPHITHRERTHRRAIA, BESR
&, IRBRANZEEOREH S0~60CHFE—F, HEFE 2K,
BrA NS & B IR KATFE 25~30 K, MTRBE—HRA 20% &
H. LEENET, BEREES, MTREEX, HRERENE, 1T



R QLA

KEBELR. TENMEENRENBIEEZRERIIAKIATEE,
XM TEZEAHMTEEKENRN 20%~25% KITTHERTTR, ©
AT AREMTRIMH . b THEEGIERETEANFETREELRE
B, BT REERRE, —RA 25%LA, ‘ATTE 35%, Bl
A 48~72 i, EREGHREAR, BRTKER, TREER
o, IRFER.

1.1.3 TRAYGEH

PRIOEEHRS R 85%-88%; KASE 2%4%: HREK
3 5%~8% » FRIREIKE 14 %~18%:; RS 6%~8%; LR
R 300~600 m%/g; FR#MAE 30 000~33 000k)/k g; pH 14 8~91,

FIFTHARLE, TR TIEeIE T, RERFEW, o REH R
MBI E MR e, MBEE RIAHERE. BB RHE. KREEHRNEK
WKL BRI BARE, HA4E. ARM. FERNTE
BERREEEEH R, KAAPER TR BN S, SERL
ﬁﬁféﬂ@%%)f%ﬁ%ﬁ\ PrREISNRETESAAE . TTR B A RAIE .
PrRgEE RGBT T RIE. ZGREBITRBSNRETIRREETH
REABEAFRBRCRE, S&TITHMHZ LRI [ 7RG
4, BRI RERAAAMO MY K, MBBELEH, RIS,
781 % 40 L PR R0 R T R U B A B A BE R OB TE . T

AT ROURGHER— S TR, GARATUVEZEFXH LT
SR (X2ray Diffrac2tion) SAN[E R T Z %8 M7 R MK %
TR, ERBBEMH AR 20 K 24° 0 43° KT B AT
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FERARET T ORERE, AHEERE S E, ARTRE
B RS AT, IR R St i A BRI AT
B AL EOISK SRS A LS BIRHY 0 st PR 5 s LI
FTHR WA R SR EEARETSRMNER SRR, MRES
PR, FERLER D 700°C, BWRELD 4,
WARBEY 800°C, FEHCRHIELY 0.5 h BEHEME L RERIE R
AR LR AL 55Fg . HE4A%K EDLC BB RFHAME
PERE ARAGBN, oM B BIE, HAEER, RERES,
FRAVEERAID, Z&RECIUTTHERE 1000 CFHE
PR BIB TR, FE R A R S B, FEMCRRRATIS 85%
Bk, BTAEPIRTR G E TR RS, SRR
RESK, BB IR A BT A T
TR KR SR T £ 55 BRI 4 8.
3) RABFHMRELAIROHA: AR, Fr
et S8 T4 000~7 000 e, FUBF AT LRI AL Y E A FABAL.
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TR IEA PREE R AE AL A &% . SR IERIMEBETR

AR 75 A 11 7 2 SOk e R BB A« PR R BB RERR AL 1 3%
S KRR, ST AR AT 25 Bt — R P
R B, B ARSI, MR, BLA
HAT TRALER, T TER R0 T 5156 600 R EE BN R E
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fE. KARE.
FEMZERFWE 2-1 Fior:
& 2-1 (A5

Table 2.1 The chemic reagents used in experiment
2ah R % A K
AR g PR BIFRFENZERF
95 wit%lim® - kEA BB RN R X A BB HERFTEL R
RIEEEE S0%  EA ElEXUT T
. vl WAL R
& viiE W R AL
Gl PALi R R T KA FR
ERE VAR EL] th EE A ERERATIT
AR S hEEHER LEHERART
ETE ST RETMHELTHERA A
HoM VAL AR TR
ELE i REREAFERA
TR Ko et BRMARILT
Gl L WP RS

22.1.1 A HTALE

SUTME BT IMI, B 100 g frk A& B FKEER,
BH 100CEEF/KE 12h, BT, REHA 100CHEEPTEE 12h,
BRAHEBATREPEH.

2.2.1.2 A 69 B

BV TRIRIAH): X 100 g HESHON 05 % WHRHRTF
W iaReAR, BEEMARMRITBREETAS®, LMARE, &

WRAH, BARFT, W EREEH.

2.0 mol/L WIEABARIELH: FREX 58.5 g RALBIEMARAT
BB S, I 100 mL =EFKEME, A, BZE500 mL A&

P, 2% Mg



PIRE M AR FINBI R . 55K UEREEETR

0.020 mol/L KIS E LR MEH]: FREL 0.40 g FILBIE 4k
AFHEERT, A 100 mL £EFKEMR, AH, BZE 500 mL
BEMT, B, F0.10molL f405E - BRAME, WL,

222 UFEEEF

FEMBRRE RN R R WNE 2-2 FiR.
x 22 LRFTREE

Table 2.2 The table of experimental apparatus.

& BE HlE XK

HHE ~ ZHQ A S Ve T
ERIEE B P38 DF-101B RARs oAk

T AR AR R T Agilent-1100 XEZELAF
ST 3 R R AX Saturn 2100T  XEREZATF

B E- B FHREMN  LCQ-Advantage XEIERBAT
SAREIEY GC-950 L HEEREIEERAF
5N AVATAR 370 % [# Thermo Nicolet 2 &)
XS TN Y-2000 FERST &AL AT

DTA-TG EHMELMENI  STA409 PC %[ Netzsch 22 ]

2.23 {EFIaYH =

2.2.3.1 #r R &% &

B4 g THROTHMETRERERS, BMA—ERENRRR,
E—ERE T MBS, BRAREGTR, FEYANEHEET
KEHEEBEFHE, BEMTKET 2000 mL MEELES, WA
1200 mL #F7K7E 100°CH&MF T MM 5 h, iS58, WHRERBE
T, TRBERMEEFKERPENFME TR B, ik, BHE
EREPHE. MTRBABEFE 100CHEETFE 120, AH, &
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-H iR X

ANFELS, R, BATERSED.
2232 #EA BB H &

Y 2 g FRRIITRE T RREEHL, BIA—EEH 50 %H KB
hE, E—EEE TSN, BRARATREBKER, 57
WMAHEREETRKERZERETE, BRTREBBHERET
2000 mL (I BEELHF, M 1200 mL & B F/KTE 100CHIFZHT
B S h, S, HREEBESHE, TRERFERESEAHE
BFKERBEMELT M. B, Bk, HEEREPH. fTRE
B AR P 100CH&HTTE 120, B H, EAEHE,
W B, BANTHRED.

224 EALRIBRLE

PL X-SHRATET. P8k, ilﬁl*j'ﬁiﬂéx PEFTEFENITR
EEGHRROGH. RELRAAREEFTRE,
2241 BEHZD |

| ERPTRIEB AR 0050 g, MU 15 ml 2 molI" SAHIEM, B
W% 30 min, TIE, A 0.020 mol/L MEENMBRIEE, fBr
7 A BBk .

SEE (mmol/g) = V(ml)X0.020( mol/L)+0.050(g)

2242 % & X #HH&ST4 (XRD)

K HIFHR AT {2 A A Y-2000 &Y X SR ATEHX T = M iAT X-5T

775t (XRD) 4M47, TREMF: ¥, BIEHK, E/EN 30 KV, #
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1% s ORBE R A AL 7 AT B 9% . 5 M R AERITE BRI R

i 250 mV,
2243 it RRUS AR (FTIR)
K Nicolet AVATAR 370 ZU{# 74T 5 i S AL I BEAT 44
27, KBr EH.
2.2.4.4 #HH TG-DTG
‘%m%@Nmmhﬁﬂ%SMMwﬂﬂiﬂﬁ&ﬁﬁﬁﬁﬁ%ﬁ
#1, WA BAHAE 100 mL/min, FREERE 10°C/min & H:
=E#E -800C.
2245 B ¥ AE
7E Renishaw RM1000 B! 4 LA A2, BWERA,
B F I E 3 K TG 8 2000-400 cm

2.3 LWHERGIHE

2.3.1 RAUFHI IR B E KRB B P

HGHRAE TR R AL B R R RO AT (02
FEUKHR R, BANKGRRA TR, AR, EHEsE
BT, WRATREER AR E. TR R TR %
SRR E NGB LW, TARENPIRE B RE, T
WE BT, FERDAEARE, W T &0 B R BHBNERLH;
PR R I IR S TR EIOSURT, A T AR
G MR — S L3 N R — M B ERREAL. W7 L, 41
RIS HIR IS A R YO PR A, TIRALI S 1 R e
W AT, TR T RACAPHEALRIT R 51 11530 At
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M LRI — 5 « RILEH AR T K EB SRR E N
BRHN. MR EEREARBRIOKE . RAGERE . KA TE.
VBB, REBLLM N 80C. 2 h. IRAMEERAELL
1:5 A%, BBRRLESPRENHEE, UEBERUFMEELNE
RERIE,
23.1.1 RACEBAT A A A B AR R TN YA

WERAEE R 3h, BERIKEEN 80 %, TIRREIRARILY 1:
8. HALERESHIKR 40C 60°C. 80°C. 100C. 120C. 140C, XK
g R E 2-1 Firg:
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Fig.2-1 The effect of temperature of charring on acid
capacity of BCSA
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PR IE A R REREAE (L IR 6 &% . SR RIERITERERT R

BT AREMMREGE, EFERTFHEERLDT, HFEET#
RS &,
23.1.2 BREBUREI A R A BVRSRBRA B BN R0

BERMIBE A 80°C, TRRLLN 1:8, RMIEN 3h. GIBRKE

SRR T0% 75% 80% « 85% « 90% . LR RME2-2:

21
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Fig.2-2 The effect of concentration of sulfuric acid of charring on acid capacity of
BCSA

I 2-2 BTN, R R A A R R B ST
K, (B 80 % JEAMBREREKENENTIRE. EHRE
REEIHE, EERARES: RRARELH, BT AREQRR
i, HEEAGTONBRST, HMET ELAGRE R,
23.0.3 BSR4 S B S A5 E 8 5

BOERAUAE R 80°C, BRERIKE K 80 %, TTHIBRER B LL A 1:8,
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REZH 4 51% 1he 3he She 7he SRR 2.3 Fik:

P 23 AT, AT RRE N A B BB S A ST
Katn, B 3 b EAMEMET BR RIS MTRE. FEAE,
RUHEFEESTFREART L, BRTHRROTR: HEAK,
RUHBR T ARERRRGY, EFLETOREEST, Hik
T RALANRASE,
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Charring time (h)

D E23 RUBHFEMERETASRENTH
Fig.2-3 The effect of time of charring on acid capacity of BCSA

2.3.1.4 ¥, BRBRE WA ERE KRB LK EOY R

REREE N 3h, FERIKEN 80 %, RAREN 80 C. ik
e lﬁi&ﬁ)ﬁ%t{;ﬁ%ﬂ% 1:6. 1:8. 1:10. LK% R WA 2-4 FiR:

B 2-4 T4, TREEGERNSREEETRAELABEM
g, B 1.8 FEREMETRAE AT RE. EARK
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H2-4 RUEARFHRAFUATKEERERERENY W

Fig.2-4 The effect of ratio of sulfuric acid and bamboo of charring conditions on
acid capacity of BCSA

RED, fﬁ@ﬁbﬁ?ﬁé: BB E, WHHETARENGMRGEH,

ﬁ%’i’klﬁ?ﬂﬁﬁzé‘oﬁb‘f‘, Em R TR RINR S &,

2315 R OEF = KPR EER R
ATH—BHRRE A EATBRE W, it TR0

BIF = APAREER LR . RBRFFEKTRE 2-3, RUETLRE R

RE 2-4, EXHHTIE 25, BRI R B A7 254 1% 2-6.

x23EEKFEER
Table 2-3 The factor and level

BRI A(%) #E B(C) fffEl Ch) HTBmELD

1 75 60 1 1: 6
2 80 80 ‘ 3 I: 8
3 85 100 5 1: 10

FRRCHFERZARBRIRE., BE. ME. TREBRE
Ee, HIERXAWERTMEREUNTIERERLBEMONFG, Lz
R2-4 RIUCFRLRER R 254 0271 71 0.127, HPEEHERE LR



R AT

x2-4 RUTFRLKLER

Table 2-4 The result of experiment

A B C D = HEEEMKSKE
iRk /% BE/C  FEih HTEREL /mmol/g
1 75 60 1 1:6 ' 1.508
2 75 80 3 18 1.890
3 75 100 5 1:10 1.651
4 80 60 3 1:10 1.651
5 80 80 5 1:6 1.747
6 80 100 1 1:8 1.890
7 85 60 5 1:8 1.555
8 85 80 1 1:10 1.890
9 85 100 3 1:6 1.794
x2S EXGHR
. Table 2-5 The result of analysis
fePr R & A B C D
I 5049 4714 ~ 5.288 5.049
I 5.288 5.527 5.335 5.335
11 5.239 5.335 4953 5.192
i 1.683 1.571 1.763 1.683
ii 1.763 1.842 1.778 1.778
iii 1.746 1.778 1.651 1.731
R (&%) 0.08 0.271 0.127 0.095
r2-6 HEFNE
Table 2-6 The result of analysis
0 KIE 75 BHE Lol F SEH
TRBR IR 0.011 2 0.0055 1.000
BE 0.120 2 0.060 10.910
B {8 0.029 2 0.0145 2.636
A EL 0.014 2 0.007 1.4
Se 0.011 0.0055
SR 0.174 8

%, AFEFMRPPEEATUHAEEY, MAERKENTHRRT
EIREmE . REXMHTATEMMTNSGERTNERZNR
WEMPIRFFARE > BE > TRFE > FlRRE. RUNRET
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PrIR B RRERG HE AL AR B & 4B RIERMEREIT AR

&R 80 %MITRER . RNVIRE 80°C. WAl 3 /M. FIMERER R ELL
1: 8.

2.3.2 BT

BRI & B RE W EAT R R AR TR, B 80%
.' R EIRE 80C. MTBRELL 1:8. B8] 3 h &M THIZ MR,
FERRRFMS TR LIRS B R ERET R & EH.

2.3.2.1 LR B x4 KK BR R B S8R & 0 ) oF

WEBILE A A 2 h, TRRERBREEL A 1:5, BEEE S5
1 40°C. 60°C~ 80°C. 100°C. 120°C~ 140°C. LB 4 RE 2-5 FiR:

21
r -
-

1 e 1 Y 1 A L A 1
60 80 100 120 140
Sulfonation temperature (T)

- N
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Acid capacity of BCSA (mmol g*)
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-
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M 25 #HBERAMTRKABRERSBRENDH
Fig.2-5 The effect of temperature of sulfonation
on acid capacity of BCSA

BB 2-5 ATH1, EEXEAL RN EWRK, BRI RN E
E18, REANESHT, ERNMNERK: EERENAS, FRY
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i+ F A X

EEMK, BURNASZ—NBHRRNY, RNERS 1‘}&, B A
A SEGR RS, RERETE, NTHRARBRNENE
£, e, TR, 4 RFERET .
2322 Bl A R ABRRBR SR E O 0

REBRER 80C, MTRRKBMEAELA 1:5, BILHES
%)% 1hy 2h, 4h. 6h. ERERWE 2-6 Fi7R:

210

= NN
& 8 &
——r

8

.‘8‘ b

T

Acid capacity of BCSA (mmol g*)
3 2

-
~
Q

-

@

L]
T

a1
1 2 3 4 5 ]

 Sulfonation time (h)

B 2-6 BBt E AT K X B RER SR EH P W
Fig.2-6 The effect of time of sulfonation on acid
capacity of BCSA

BB 2-6 BT &0, AL A A 2 i e AN 52 A T 3 BURE AL
MEAK: B H‘J‘l'ﬁlifﬂii 2h /a3, BEEBCRRAINK, 7R E R
@Eﬁa@%&fﬁl‘%ﬂ:& PR 24 S oz B )5 K S T i 1 & e 2 O R B R

FIGE R DT
2323 4 EA BB BRI B KR8 E MY

WEBLER R 80°C, BALRIEY 2 h, MTRAMEHRFELLS
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Hr 35 SE T AT 1L AU % . 25 Ry R AR AT

P4 1:3, 1:5. 1:8. 1:10. LR ZRWHE 2-7 FiR:

21
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-
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Acid capacity of BCSA (mmol g'')
&

-
>
[ ]

1 L A A
1:3 15 18 1:10
. Ratio of oleum and CB

B27 RUEKBEELAIREBRER SR ENY W

Fig.2-7 The effect of the ratio of oleum and CB of sulfonation conditions
on acid capacity of BCSA

mE 2-7 WH, RERRAERDSSEBEAEAL, BEHEN
m, BUHRESEN, BEFHAERRE FERIRNHAE,
gk, W, ERPRRREE, FERNSRERK. FTUER

A 105, 233 REYMBHREXTREEFRESRENT N

B AL AR IRBRRIVKRE Y 80 %, RALEREY 80°C, 118}
BERR I 18, RAUHIN 3 h BULAFR: BULEEN 80T,
BALHIEN 2 h, PREAREMARILY 15, AEREYNEE, #
%ﬁﬁ%lﬁl%ﬁﬁ@#i&ﬁ@%iﬁ% S— 1% TR 2000 g PR
%,ﬁmﬁﬁﬁ%umgﬁ%;%:m%%ﬁﬂ%mmgﬁ%ﬁw,
BEUEL PR 50 g Wik B SHBISITRA 2000 g L, HEUL
PrRE 25 g Bk, S 0THEEIS TR 1000 g TR BL, BERLIT R
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B+ B i

5 g L. WK 2-7 Fizs:

* 2.7 RV R EX T REEGFERSHRENEW
Table 2-7 The effect of mass of reactant the on acid capacity of BCSA

HEIR 1 2 3 4
BT R A E/g 100 50 25 5
4 B/mmol/g 1.323 1.502 2.011 2.021

% 2-7 PHETUEE, REYHRENTREE FHER IR
BH—EHEW, R E N1 REE AR 5% d Y R 7 R R
ﬁ*ﬁﬁ%,ﬁ%%%Wﬁﬁ%?ﬁ%,&E%%Eﬁ%mﬂﬁﬁﬁ
BRI R YIRS, RN RNIREPHFRERH, R
RERREEARE, ABARNARERARETRITN, REREH
WA RERRIER, REYBERKERRERRES. FTUTRER
%ﬁ@%@@ﬁ%ﬁk%ﬁﬁ%ﬁ%%%%ﬁ%ﬁ%ﬁ,ﬁﬁ%%ﬁ
RIFE R 25 g B, %$¢ﬂﬁiﬁ

BTk AL A ﬁﬁﬁ%%#%%@ik%TU%&mT
T (1) RUCHRRALR: KREERIIKER 80 %, RILEAEN
80°C, ITHBRRR BN 1:8, RILATALA 3 h; () BALHIBILAKMFZ:
REALRE R 80°C , BALEEN 2 h, PTRRMBEEAELSN 1:5: ()
TEBM &M T AT B & 7T R IEE AR R R E N 2.05 mmol/g.

2&4$ﬁﬁﬂﬁ§%ﬁﬁ§@%ﬁ%%ﬁ%

BEAMEARR, HARBS NBERARR, SRR &
ﬁﬁ%@%ﬁ@%@%&%$ﬁ@%Tﬂn$ﬂﬁﬁﬂ%§mﬁﬁ%
B AR R B RO, FEMR S, BRALAMF T RS R B AL 61
EVTREBAHERR, HAHBRBURITHE. RUKFMEE: KRERKY
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PR I AT IR RE AL AU % . S MR GERIPEREDT R

B R 80 %, WALELE R 80°C, MTMEiEEmELL N 1:8, KUK E]H
3hs BELEORAR: BRLERE Y 80C . BULHEN 2 h MREE
HEEEL A 15, '

2.3.4.1 REMLGGATH B4 R A BRI

SRR, KAWL ABEERRE, FER. L%
. ARENSEUAR, SARBAKRITHE T RERFHR
MIBRE & RF . TR RT IR FI AL (17 52 ] P AR
RENME, REKPI=ZENFT—R, RIS F. AZE:
SMEERSENTH 2.1 mm WEAMMRALR, ABRREEER 21 mm
RN MTEEALR, PEERM TSN WEZIEMATEITRALN. PE
Nam ks P TR, EBRRENR20cm WEARTEALR: T
BEZENER 20cm WEAKTERAR, PREMT L. TRZIH
RIFTEITEEALR . BURREEALIZRTT 10 g BIRERN 1 mm FTH
B, BT, BIETREBGER. &R LK 2-8 MK 29 FiR:

£ 2-8 RRIFALHI & BT R E AR R R
Table 2-8 The acid capacity of BCSA made by different part of bamboo
A ShEE ek WE
& B 2/mmol/g 1.781 1.969 1.802

% 2-8 MAEATLIE , FISHTHOS. . MEEASIBI& 1T
AR, e B & O R E AR R R K, Tdishe
P B 5146 1 50 L R TR AT R 350 2 R B
KR E S BWRIEH.
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B+ #4723

R 2-9 RREALHEHITT R AR KIERARE
Table 2-9 The acid capacity of BCSA made by different part of bamboo
1A LB P& TE&
4 8 2/mmol/g 1.990 1.969 1.546

% 29 KEIERTLUE H, FIRARRE L, . FEEAH
EMREEAER, Hoh ERHE NTREEARBRNRERK, T
et T Bl (0 P R L R R ARG T 458, 3 R A4
B (A R L T T AR, AR TR 0TI BB
b, WRTRSIG, Bl MRS B AR R B B R E

2342 FRAKNH &6 E LB RAROKT

SR KRR, SARRS . WREHLHFTAE, A4
% LGHE. ARENSRORRA, BRRAKBOENHERT
R E SRR B AR, B T UR R K FRS T &
A E R R, B KIBA S 1. 3. 5 FRE
e iR, BUEATHREER & 10 g SIRERN | mm AFTEHL
BT, SIETIREEARR. SRNE 210 Fin: |

R 2-10 RRAEK BT H &R REBFHERORE
Table 2-10 The acid capacity of BCSA made by different years of bamboo
ERHE 1 3 5
& B & /mmol/g 1.768 1.969 1.516

& 2-10 MEETUE L, FREKPRZTH&EHTRER
R EARR, H KA 3 FRRITHI & T REE (565
BBmERK, BAEKHN S EMRITH&MITRER FERNRE

B,
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PRI I IR AL AR & . Lk RUERITEREST R

2343 IR RAM #6944 R A B IREERL 0 BL 5

SBIBATE. P, PRSI Y | mm PR, BT, &)
BTRILE ARG, % E0E 211 s

R 2-11 ARREME & 81T R 2 E KRR R &
Table 2-11 The acid capacity of BCSA made by different materials
JEE ek (eLis LifL>:
& 8 B /mmol/g 1.440 1.212 1.873

R 2-11 MEETUE Y, RREEMESI& T RER AR
FIREANFE, Kb dtThsl &M REBAEROKRERK, W
F.MTHHENEAEROREENTHL,

235 R EBAERLA R

AT RE BRI 45 . RIEM RN E 1T TH,
HREAPT R 2 IR B EE AR 46 1 T b & AT R B B AR B AR R, BT
X-SHERTS MR, LS. REMTE TR DHT T RIE.

2.3.5.1 AR A BIREE#6 X-HEATHB

B 2-8 BATHR TR 2 E AR ) XRD B, 2P a M7 %69 XRD
B, b AITREEKEREY XRD B, ¢ AT XRD B. #1838
ATLUHEE B8 (c) XRD /7 20 A3 500 15.7°, 22.3° 34.5°,
RREF 101, 002 51 040 STMATHIE, SRE | M HHIGE—
B, a F1 b 7E 20=10-30° 7 — W B i) 5 . 55 B HT % (9 XRD B )
WAL, FTLLE TR S E A R B AL R RS AT
RRATE, BEatgiitt, bR, HHELHLENT
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R AGATe .

REEERE BLER B T RE L, 7 20=35-45° 4
S E BB S . KR S T R AR, e
TLLAN RS R EE ARROT BB R TEHTEHHK
MOBRBMSAR.

b

H 2-8 & (a). 7% % E&K% B b)Fr#(c)8 XRD B

Fig.2-8 XRD patterns of CB (a), BCSA (b).and bamboo (c).

2352 HRRBARHEIAHMT

B 2.0 RATRA R EE AR B, Kb @) HITR
M EREE, (b) HITREE RGN BANE. BEPTUE
1 SR 5 S AR 1 B A AL, 75 vy=1597 o' A0
v;=1363 cm’! L HFALRIE, 72950 cm M H BB R, BEAE
B 5 @ AL AR, X — TR —SAE T HTRATT 5
AR ATT RIS,
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A 29 ffR@Ftr kA BRHERO)HH R AEE
Fig.2-9 Raman spectrum of CB(a) and BCSA-3 (b)

2.3.5.3 +r R BMRAER 4 41 g A

Transmittance(%)

20 — | NP e | I3 " L

4000 3500 3000 2500 2000 1500 1000 500
Wavenumber (cm™)

H 2-10 1#(@). f1kb). X EBRER ()N ER

Fig.2-10 FT-IR spectra of bamboo (a), CB (b), and BCSA (c)

B 2-10 A4 Pramfr s E AR snEE, K a Afr
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R A

WaASMEE, b ATTRAIMER, c ATTREBFERIIMER. BB
2-10 ATUEHMTMETRMAINEREERANER, FHLZHER
WGBTS EUE &, WA RIGE AL SR E T & AL v (O-H)
() 3434 cm BEFIRE v (C-H) 1 2915 em™ P05 55 KR 5 A
SRRPHEREBRK, REAERSFAERN 1160-980 cm™ Z [A) B
MBS SHARFTERSLAERNEUTELBART, REARR
Z11 1600-1450 cm™ Z A BEIERFRRER M IETRRESEH
HHTHR, BERRFSHLE L4-M 1,240 80R8 1510 om P4k,
REFH L v(C=0) #9 1708 cm™ RERMREFTH L v (C=C) M
1602 cm™ Mgk () 7 A RRA R R ARGV R B W B LBIR, ]
Rl RMERS TR EITRNLHINE LIEFHER -SOH [
v (S=0)J 1190cm™ 1 1035em™ ¥ W IR, 1T BIRERRRALE
RIS EH AR AL . BT ST R EB ISR LINE R INEE
L WA SR, SIRIOLAEERL, 11REm
PR TRRRI S B ZER KR b C-H RIREIH 870 om™ F1 810 om™ 9 b
i JLFHKRT, TRE -SOH EH v ( S=0) # 1190 ecm™ F1 1035
e 9 A i AR B R BT L RN -SO.H B T 238 E#
HERF

2.3.5.4 4r B R B IKARBL 64 AT

2-11 ZRYTBRESTE, GETUELTROREESHT
EANERE, HERBK, REZEAERNNME, BERAEENK

Ui JiuEY
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Fig.2-11 TG(a) and DTG(b) profiles of bamboo

B 2-11 7750, FAHERPINREZLE 210 £ 300CHEEA, %
EXELEPE 230CEH, MARZRARENNEERE KL 300
Z 380C, REFEEFHM0CLEL.

100 a
0S8
o L
-4 00
o\ b
<405 O
5wl 3
1.0
60
-15
50
1 L L L L 20

1 il
100 200 300 400 500 800 700 800
Temperature('C)

B 2-12 1 % % TG(a)#o DTG(b)H
Fig.2-12 TG(a) and DTG (b)profiles of CB
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B+ #4718 3T

& 212 R4 TG 11 DTG B, METUEH, FROKES
P E T, FTRTE 360 C LRI B &% T BRIVIE 75 %, T
| PaR7E 360°C LRI N kX T EEHE 15 %, 7E91°C. 225CHI 384
LA2VCH R S B KK, 2E 91 CAL MM BAT AN Rk
K, 7 384-421 CHM TR RBIFER LB RN K £, 1A
 CREERI R E AR R E A, 225°C R KK R
SOH MBI, — 5 Wl T EAKRES SR ALT B e
R BT EE |

0.5

100 | a
s 400
ol b
| 405
80|
L < -1.0
X 7} o
5" -3
60 - .
3 4-20
50 |-
- 4-25 ’
wl
A L ' TR | L PR 30
[] 100 200 300 400 500 600 700 800

Temperature (C)

| 2-13 7% X Bk 8% 1 TG(a)F DTG(b)HE
Fig.2-13 TG(a) and DTG(b) profiles of BCSA

& 2-13 YT REB KKK TG f1 DTG B, BETR, K%
B ARAERZE 114°CH1 225 CRERANHEMKRER, 7 150CLLRTH
REHANHRBAK, RIECEKERY, 7E 225 CRMRERN TR
2 -SOH £AMMKE. -SO,H HAKKEEMN 160C 2 302°C, Xt
Rk E I RBE N 16.13 %, HBHEH-SOH HIEE:
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PR B ARBERR LRI % . 45 M R GERIPE REDT A

-SO,H )% B(mmol g') AR 1000
MRIET K EEE AR H) TG F1 DTG B HIBE A -SOH & BN
1.99 mmol g', EMBEELE (2.05 mmol g') MERE, #—HiF
 ETHRERAE,

2.4 KE/NE

ATHE T AR MR B R P R 1
W, XU R SR R BT T L, RO
FHEOMAETT XRD, 445, B8, AT, GHLTER:

(1) PR RAIBR R P REREOIKRER 80 %, RALEREN.
80, FrREERLY 18, FALKER 3 b,

Q) FRBE R4 R BALIBEN 80T , BALH % 21,
SRR TR 15, *
) WAEKIR SR LA A TN R

BRI S SR A TR

@) BT MR, TR TR, BRI AR
£ 2.05 mmol/g.

(5) R FCHIRAE S B B 17T LR IR VA 2 A 2
RAL, RS LA ENE IR SWT, TIARENRREHR
WHRE, FIHEHERE, AT 2 B BRENEELR;
AR RIS TR EEUET, Hok T E .
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T35 ST KB L RS . 48 by A R RS OTAR

F=E MREEREBR L CBEEELRE

3.1 318

PEE LRI IR R AR RIRAIGR, KA E AR AL L
KM TZCRA B TENFRAS. ZTEERERBEGHNG
ML TR, BRIIANBRERER, HM 20 L +E
RECRERB B HE R, B AR ik LAV BRI A RR Ak R B2 MY T
ERR, HIEFE HERMERE R BB LARE 55,
e EREH, FEMmRE, E=EEE.

BE R — M EEMNHHLE&BEAF 4L T )k, BIRT A FH
W, BEERAE. e REEHER, ETHTES. kAT
W, 7 REER—REEME, HERNOTERE™ . 50K
ERRARGER AT, £ ZRAIBRKEE &L, BRFERS EHH
Yt ik, ERIRNEE, B YEEER, FEZIEW, W
HERE W&, KERRELERER. EFEX, FAOHREXMAT
ARFEAFI MmN LD | Bt | REBRCIRBUAREZLE
M‘HE‘W‘“]’-‘i‘%ﬂﬂé{tﬁﬁiﬂﬂ?%’éﬂ‘]ﬁ%@ém MERBRKRE, &BH
R KH B BREIKRER RN & BB A UL E R, ii%ﬁ!&’-,
Betk®, MAAEMRE, EZRSE. F2RERAFAEUTHE
BIFTF 0 BB & B 1T R R B RR 1L Z R BRI & A, R LR R
SE )RR SO o R B (B A R P AR A & B L T SORR 8 b i 3
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W+ PR X

HHHRE.
32 XRAE
3.2.1 HEHFIRITALLIE

BYIE B & M AT R BB ARERR 100°C BT 120, &M

3.2.2 Btk i

e DA 4 BN ZBR « BRI AT R iR, % b
B, B, EREETRMN, EHMARMETRE BES
B, BENEHTMEEMT. AERA—Ei EREnKE.

323 BUANMMEMRERESE

12 R RALEIEER AT T RILE 46 R AR
S, P BRI RIS A 100 CRORATR A 121,
BEFARELAO R, SUR RS R R RN %
P S ARER A Pl — R AL RUBERT 2 IR, LU B AL
I RS -

3.3 XWHERSITE

3.3.1 KA B EA TR B i X ZBR 2B S AR 0R

F3 0.050 mol Z.EE#0 0.150 mol ZB/RM, [FIFERE, AT
REEABB 80 50 mg, A RS (A 5 AR 1 ma W B

3-1.
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Fig.3-1 The effect of the reaction time

HE 3-1 7740, EEAUWCRBEE AN m, 2R (A
% 1.5 h 5, BERGYREER A1 HN T8 n Ak >, 10 BH R P I
8] 1.5 h N &fE.

332 i FIMAEM T REEABEREL ZBRZES KT

o
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Rl

Conversion (%)
| ]

~ @
[ o
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. i 'l 1 L
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~
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Quantity of catalyst (mg)
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Fig.3-2 The effect of the quantity of catalyst
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B+ PR 3

FH 0.05 mol ZEEF10.15 mol Z XM, [EliftiR &, R M [8] 1.5h,
A A B A RO BCE B L 3.2

i 32 FTA, MEOMCR B LR R AOR AT, 4L
P BEHINE] 60 mg 5, REMCKBART B4 MTT R BT B>, M
FUMBEER, BLAREREY 60 mg, HESMEKEH
0.53%.

333 ERYRMEZ LM REEKRRBRENLZETESAMEM

RZEMZRRN, RIFREE, REAE 1S b, ELTAER
60 mg, FEMRYIANEZ XTERARRKZ R ILE 3-3.

~.

Conversion (%)
£ 8 8 8 8 ¢ 8

o0
N
T—r

8

1 i 1 A i 1
31 29 11 1:2 13

Ratio of ethanol and acetic acid

-
-]

—

H 3-3 B 8L b xd ROBL 69 B o

Fig3-3 The effect of the ratio of ethanol and acetic acid

- HE 33 A, MERYRNEZS RN 31 R 13 6, B
3 HEIE 94.2 %M 93.6 %, HHMTREBEKERN LB LENE
BERBRITFHELER.
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P75 S I KRR (AL AR B &% . 45 YR AEAITEREDT R

3.3.4 LA RIB BT EHR RS TR ZBRZEAKAILER

F LR A B R R R B 1B 0L T L 2B L BE & AU R
Ri, ZRNE3-1.
R 3-1 LA FEBRELFELEEAHTER

Table 3-1 The catalytic activity comparison of different catalysts

HEAL el /%
Py % 2 [ AR AR 93.63
BRI EE 49.65
We 95.52
x 23.36

KRB &f: Z®% 0.15mol, ® % 0.05mol, K BB (E% 1.5h.

B 3-1 PHIET A, 1TREE AL XEEL R EHRRT
MTRBME, T5HKREE. REMTREB FERNBER LR
WEs, EEERLENE KRN PRI RFOELEE. BERET
R EEEFERANAST RIFOMBLIELR, THFKREEE.

335 rREBKRBIEN ZBRERNEK

PrREFEAEBELZBRS LA RE NI R, BELED
RIEsfL R E L IERE, HERAE 3-2 Fios:

WIER 32 % RTH, TREEGEREELIBRSLHARE
WAL R R R L R TR MEALTE tE, ELREE R TR B A K R
EHFEM. XPZRTPE. 28I, ZBRRE. ZRIETE. 4
R % S 7E RIS 2 h P R 1B 90%. AR 3-2 G RIE T VR
FRBSZBRNENELRRBEHERTRE, XEATRHNERN
75 (B} BELEL IE TR K R 2k 8
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A 18 X

% 32 TTREFEFHEEBENE N RERI R
Table 3-2 The catalytic activity comparison of the bamboo char sulfonic acid on
synthesis of acetic ester

R LERD
lh 2h
CH; 94.97 96.96
C,Hs 87.05 90.24
n-CHy 89.71 93.04
i-CHy 51.95 66.13
n-C4Ho 91.76 9291
cyclohexyl , 58.54 75.14
phenylethyl 89.34 91.05

RE %%: 8% 0.15mol, 4 0.05mol, #LHAHEY 60 mg KA EHEA 2h.

3.3.6 TR BEFHEREL B CESHMNERERN

R TR —FhETRR D B 5, EA L AR
. SR, SRS 5 R A R, LR
RO MR VAR B, CRTIR, &5 5 RE A
55, FREFIN, SRR FRRVLEE T, 2 100CHAEHALT 12h,
A BN, ARG RREL LRI A R, SR
% 3.3, ARHRITLES, SEANERAIRRRS, 55
R REROETAKT 80 %.

%33 MTREEFEROESHLR
Table 3-3 The recycle of the bamboo char sulfonic acid
R 1 2 3 4 5
W /% 93.63 89.24 8836  85.38 82.19
R &M: Z8%0.15mol, B3} 0.05mol, fE{LAAEHN 60mg, KAEEA 1.5h

3.4 FEPE

A E USE’E&?EIJ?%B@T‘W)%%@%ﬁﬁ@%ﬂﬁ%%ﬂ%‘vh TZEERE
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R B I AR A AL A B0 &% é#f’bjiéﬁt'ﬁl'l’iﬁ‘é.b)??{

MIBEIL R Y, HEE T AR RN EEAIRERER, FHTUT
r®Hw.
(1) A REE R LRI ENAR, ZEY 015 mol
ZBZH 0.05 mol, #EALFIA £ 0.060 g, %&Eg%&ﬂ%ﬂﬁ 0.53 %, [A]
WIRE RN 1.5h, LB IEERIRERRIZE 93.63 %.

(2) ﬁﬁ%lﬁlﬁiﬁﬁ%&%ﬂ:Z.@EJL?M?@EEB@EE{%&F_‘Z*%
RILE T REFRREICTER.

Q) MTRERGEREEUBELRNTEEREFNEREAHME.
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Frop S AR RR AE (L AU B & . S MR IEREREDT

EFNE HREERREBRIEN o TREKE R

4.1 5|17

P R — R BB (AT A VU, SRR LB -t
MRS 20 %, o-HIELR L -l BRZEREAL Tk & R
MEEREY, CERATERER. kR, SEA, EEAR
PR AT . AT E AR DL R
Fl, MTERERMEE, AP Rl —EHREARES,
AT, BFHBIESS, AR E SR Bl R
SREFE. RAESRRTRANL o TR A & TR LEIEE,
WAL, o bAIBMCER, T RMEE, EomR, BT
KIS AL TR RV R TER, AMTIK T R A9
BFIT. AT A AT (07T F 0 ORI M1 5 A AL
oK A, FEICR T IR AT i P S B A oM K
B F TSRV P E B AL,

42 LWAR
4.2.1 EAFIBF TR
BUEEH & T R EB AR T 100C AP 120, &4,

422 KE M

R ORRP 2 AMA o-TRE. EHFK, ARMRERHR, AT
LB BRI ML, % EEVRE, BUHINS, HETRRL, TR
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B+ AT IR ST

REEPEGE, BLOAE, BRARMKRMERTIETY, #E
52, BENEHITAMEEET . méﬁﬁjiéﬁﬁf‘“%z{ Agient6890
At EBAT, XA OV-225 AREMEH, FID HME, URSK
KB, SHFAER: EHRA 353 K (IR 3 mim) LFE 433K (R
& 1 mim), FHEHEZEN 20 k/min, HFEBEFER 473K, KNFEE
% 473K, FEETEN 0.1 Mpa, RARIFEEE. RMAWTF:

P 5% B 5 1A RS + HE
HE K

8 F R Ho-TRRE VB X (%) , B P=HIIOIEHEIES o %)
BB R R B IS, (%) «

Xo (%)= BB Mia-TRkR R A Ko TR X 100

Sp (%)= RN R BT R R Mo FAR R B 100

S (%)= R BLBP A=A 4 B/ B R - TR 4% 5 B X 100
43 RRARSITE |
43.1 BHEIRHE S EE AR o-TRAK S BN

% 4-1 AT, BEERAUIH AN, okl i0sLaRZ
T e AR A S S MAE . (B4 R RIAE) 120 5, AR
KRBT, o-TEH MR T SR KT a-HAVH B 2 45 5
. KRB a-TER S BB IR ER MBI B R 1 R
RIAEIT, BEEH MMM, R o R EIRE T, B




3R AR RE R AE AL AR B % . SR RIERIEREDT R

F 4-1 RMEFRIR K& RN HT W

Table 4-1 Influence of reaction time on hydration of a-pineneover biomass char

sulfonic acid (BCSA)

i {8)/h 2 4 6 8 10 12 16
o-JR I 83.14 62.70 46.77 3347 2401 990  2.87

®KI® 368 655 907 1064 1343 1493 1499

B-IR A 0.54 016  0.06 - - - -

& /- 0.17 034 050 0.63 0.89 1.16 1.64
Fi 265 562 796 1013 1224 1430 15.33

8 1§f£§ 019 037 050 0.1 0.80 1.01 1.23
y-FA T 0.16 035 049 062  0.63 077  0.76

T i 204 449 626 776 955  11.61 13.04

% H 0.08 1.73 2.51 330 372 467 514
5 e i 009 026 044 066 089 136  2.02

A 0.62 154 227 293 323 404 453
o-FAThEE 608 1558 2295 2834 3006 3549 36.37
y-AHEE 002 0.05 006 007  0.06 0.05  0.04

REEE - - 028 037 0.8 0.76 1.61
a?;&h;ij/fﬁt% 12.74 3419 5091 6487 7480 89.61 96.99
\ v > 2
a-#2 ’msgiﬁﬁﬁ 5008 47.82 4731 4585 4218 4157 3936
SDRIEENH S% 5659 5865 5865 57.60 5430 5425 53.75
RE & A 1g a-KH4ml, X 1.8g, FHH10ml, BEK 60C. %

P XAE S — B K B, 73 oA BT R RER T . BRItk
M BT[] 12h A

4.3.2 R EzPIEC B x4k B EHATRBR 1L o-TR K & B9/ NG

ME 42 TTLAEH, REMELRR, X olikeRENE—
RBENEM, M o RESKOBERIEA 1:2 B 15 B, KHE
WIRREAE: (B o-T6 SRR, 1:6 i, o-TREHILERA
o-FA B AL I B ISR, A% o- TR IUHLEA o-FATh
WA, A o RS KRR 114 BNEE.
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B+ F AT 1 3L

#4-2 RNYECELX KA RNV A W

Table 4-2 Influence of reactant ratio on hydration of a-pinene over biomass char

sulfonic acid (BCSA)

Ng-s N & 1:2 1:3 1:4 1:5 1:6
o- TR 15.03 11.96 9.90 14.01 19.68
/3 12.58 13.22 14.93 12.76 14.09
3 a-FA % 1.02 1.07 1.16 1.03 1.13
Fih 12.65 13.03 14.30 12.99 13.13
1,8-t&H Exf 0.68 0.71 0.92

8 . 0.87 1.01
y-FA IR 0.63 0.65 0.77 0.62 0.69
b2 /N l:bei 10.27 10.51 11.61 10.01 10.05
% 2. 4.81 4.73 4.67 4.77 4.85
by 4] 1.47 1.21 1.36 1.34 1.42
e i 3.95 401 4.04 3.98 4.16
o-FA T AZ 31.71 33.93 35.49 32.51 22.93
y-FATHRE 0.08 0.07 0.05 0.08 0.07
FEnEZ 0.80 0.57 0.76 0.56 0.87

o-TRIEEWE X% 84.23 87.45 89.61 85.31 79.35

o-mEEEEN S% 3952 4072 4157 40.01 30.33

SEIEHENE S% 53.36 53.43 5425 53.21 4537
BRAM%: #M1lg oRKF4mL, AHEI10mL, BE 60C, BHE 12h,

433 RN R I ERBAE Lo TRIEK A BT

o A A S A, FHERIE I ER ST (8
MEAIHRHIEE, BAREITR o SRR B BT o
PR PRI, %2 h T RRANEEEK, CEFAT
R4 F ML, TR A T BT BRE T A 7 0
i, BULEEATEH cRABHLEIE. RABE o RIS
w-AR LR, 60°CRIE LI
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x 43 RVIEEXKE RNHIE W
Table 4-3 Influence of reaction temperature on hydration of a-pinene
over biomass char sulfonic acid (BCSA)

BEC 50 55 60

o-JR M 41.15 30.17 9.90
K 8.27 9.64 14.93

: B-Tk M 0.06 - -

-1 o-FA T 1 0.50 0.63 1.16
T - 726 9.13 14.30
18- Ext ke 0.50 0.61 1.01

g y-¥A R 0.49 0.62 0.77
FEVA 5.76 7.76 11.61

E21.14 2.51 3.23 4.67

% L Y4 0.97 1.11 1.36
e s ' 2.25 3.01 4.04
a-FA B2 25.34 28.98 35.49

y-Fa B 0.06 0.07 0.05

KEWE 0.21 0.37 0.76
o-TRIGEALE X% 56.81 68.34 89.61
o-fA B E T S% 46.82 44.52 . 41.57
SEEEME S% 58.03 56.45 54.25

RE#%: BF 1g o-%% 4ml, X 1.8g, HE 10ml, Bjd 12h.

434 FEEFE AR EEEREEL « -TREKS B0

AR 4-4 PEERETUEL vouwvam LL 2: 5 &R, LHE
R, o-Jkis. KSEUFIRIRER M, T 5 FREENZE,
BHT a-%i‘?ﬁm%; WEHT oIRGB
BEECEWEHBARN, HERRT o RGEZUENFRT o-fihEE
. SREREENN, o-JffE. KERFIMKERIEK, WD
TR THAENR, A TFa-ikEKE, BAFRTFMBFYBKSREE
BRENRE, FMREET o-RBHLENRE T oA BBEE.
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R 4-4 HERIEXKE R HIE ¥
Table 4-4 Influence of amount of solvent on hydration of a-pinene
over biomass char sulfonic acid (BCSA)

Vazth.V il 1:2 2.5 1:3

a-JR A 10.12 9.90 34.03

Kim 16.22 14.93 9.36

B-TR I 0.06 - 0.06

1 a-FA A 1.27 1.16 0.50
T 15.56 14.30 8.26

1,8-#M XT3 1.38 1.01 0.51

B - I 4 0.92 0.77 0.49
B mE 12.67 11.61 6.36

e 4.59 4.67 3.42

% F¢ HE i 1.21 1.36 0.96
)AL 4.43 4.04 3.07

o-FA B 25.99 35.49 27.91

y-Fi M B 0.04 0.05 0.03

KEnsg 0.89 0.76 0.46
o-TRIGHALE X% 89.38 89.61 64.28
o-FA B E BN S% 30.52 41.57 . 45.56
PEEEN S% 43.63 54.25 58.39

RE&%: fdMlg a-FF4aml, X 18g BE60C, BHE 12h,

435 FRELFIELEEM LR

T E BRI E AR LT K A T LR AR
EAFIERRENER T RLREKS, HERNFMFT2MER. A
R ATHBIETUEL, RR. EEHER. PHRELRKKEH,
RE o- A BEEHEHER A, BREOBLERE, BETF 10 % X
MR, BHERENREKEN, RERGHELREGHEN, BT
AARHEE. HATE, BERARELREKES, AERANELE,
{8 o-PAMBLERME AR T A . BTN, 7R 2 E ARk EL TR
HKeE, BEFERENELAE, oML ETSRRIIEELRE
IKEARE, HHEACEERFENPMRE. W RITREE AR AL IR
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PRI AR R AL AU & . 45 R UL AP RET A

KA BE BHIELNE.
& 4-5 AFMERFTHELKE RN HEE LR

Table 4-5 The catalytic activity comparison of different catalyst on hydration of

a-pinene
LA o-TRIGHAEX % o MMERES% MAYEEREES%
7 B BRI R 89.61 41.57 54.25
TR K g 42.44 42.11 53.26
b7 26.29 49.90 67.05
HEHR 6.27 70.18 80.59 .
BER 19.14 72.86 82.73
B : 9.49 47.90 63.41

RE&%: #ANMNEKE, o B % 4ml, K18g BE 60T, BE12h.
4.4 KENE

AR FE DL STI0 075 P R [ R R A i LT IR AR K & R
HEBETERMEMS o-TREFUEN o MBFRERENE R,
BHTUTEESR:

(1) FTREBREER BUL AL a-ﬁﬁ'ﬁ%ﬁ%ﬁé, BRI o-FATHEE
AERKEF=Y), LT, %ﬁ%ibiﬂﬁﬁ%@tf‘%

(2) TREBEAHER L EAR, RERER, RNEYEL o-JkiE
H5XKEERWA 1:4, T 60CHEBH TR 12 h, o-JRMGHALRIE
89.61 %, o-AHEFHIEFENEH 41.57 %,
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e3-45 mm{m'ﬁumm G by KR REOT R

HEE BHE5RE

5.1 43

A SRR AT A P T i VB R R B
Wl ERTRRE LA, 75 T REALAUB B O SEH A B S PR
BANIBBIEW, AT XRD. 5. B8, AESHTEIARE
T BT BAR 2 1 T 5046 R AL A S5 UL, 36 PR SREAL U A
T ZRRRBIL R BATTRAS K & RS DABFALIL AL LB, 7841 AT 408

(1) T RABBAR R AR FRRIIREE Y 80 %, SEHCRER
80°C, IHBERELA 1 8, SMHIEN 3 ITHHAMEM &
fif: BN 80C, BHLEIAY 2, R EMGERELLY
1t 5. CUPPHLBR, ERMEATR. BILHENEANERE
4 2.05 mmol.g”.

2) MBEALAIAE S RRA AT LT h 1T 2 RALITR o £ 2
SEARRNGEEE AT, TARENRREWENHRE, %
FHERERE, WHT & BEBMANE AR, RS
BRI L EET, M T B, |

() R ILE (A RN 2.05 mmol g YEILZ B2 S04
B, ZE8X 0.150 mol, Z® % 0.050 mol, #{LFIFHE 0.060 g, AR
R EHER 0.53 %, FERBERMN 1.5h, ZBRZEEFARERIX

93.63 %
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B+ X

(4) ProREEE AR AR, REREN, RNYELE o-JkiE
5XKHERLHR 1:4 , TO0OCEAHETFTRMN 120 , a-TRGHILERIA
89.61% , a-iAHEBAIEENR 41. 57 %.

52 RE

A SO ORI B AT B AR 01T TR PR BR R A PR ABR BB
W% ERRE AR, RAT XRD. 44h. HE. REMTER
RFEFBAHREAFBATEMTIR, B0 TITRERL. Btz
MR RALE, (BRMALEEH fi— SR FRIE.

MR EBAEY, AR T ZBERAR ARG KA

R, ERFBKERNST, o REEHTEEENELE, B ol
BB, BEE—SRE.
A ETHEXERRANEEELTRBRRL. BAHETT
VBER . HEEE TGS RNE RS, LW, RN
50, REASAIRCRR LA M R RHLE, Lok B A AL AR T AL
YRS T AR R, AT 4 BAJG i SEBR R A 3 LA S
o
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