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Table 1. Analyltical data
wom g ow K RRBITVESRIEIY e m e
Pinus monophylla 1.26 0.11 19.00 79.63 : - — |
P. Jef frey . 1.69 0.47 9.96 87.88 | — —
French gum (medium qual.) | 6.0 0.74 20.5 73.4 - —
American gum (clean gum) 1 10.8 j 3.4 18.8 70.4 — ‘ -
French gum (poor qual.) | 10.2 3.17 19.0 70.5 — —
American gum ( 7 ) j 12.8 : 5.4 17.8 69.4 | — :I —
Alpine fir 1 — — 27.9 — 77.6 | 90.7
Slash pine, Tree 1 0.3 I — 21.9 76.3 125.8 138
o, 2 ; 0.3 ‘ — 22.7 76.69 128 ’ 138
Pinus longifolia (FDEEEE) } —_ ! — — — 129 140
P. halepensis 1 : 5.5 | 0.8 27.0 66.7 — } —
1r 142 6.6 17.3 71.9 - —
r 1 21.0 4.9 14.7 78.3 — —
P. Negral (#~24 vJE) L — R 1.75 20.50 | 71.55 — —
P. Carrasco ( ” ) I AR 22.10 73.05 — l — “
P. alba ( ” ) b= } 7 8.29 18.32 73.39 — [ -
P. Lavicio ( » ) S 8.29 18.32 | 73.39 | — ) -
Y o v R |45 3.3 21.4 70.8 Lo =
P. sylvestris (74 v 5 v FEE) I - — 15 — ssﬁgﬁf‘%jed -
FD PE BE 2= #R iR b7 ! 3 20 70 — —
| —— \
Longleaf pine (19314F) r 2.5 19.8 77.7 — —
” (19324F) | 2.8 18.1 79.1 | — —
Slash pine  (19314() 3 2.0 20.4 77.6 | — -
” (19324F) ‘ 2.3 19.7 78.0 — —
7 h < Y (KHEE © 4.5 | 3.25 | 3.2~4.8 88.43 157.30 | 177.5
” (€ahli) = — 13.77 86.23 — —
v C 7 ) , — — 13.61 86.39 | — -
7w = v ($RHE) = — 16.40 83.60 — —
77 ) R — 15.62 | 84.39 — —
7w v v CKIEEE 7 AWE) | 0.50 0.40 21. 72.2 — —
7 7 8 A » ); 0.55 0.42 21. 70.8 f — —
” ( » 9RH~» )‘ 0.32 0.69 24.8 71.2 | — —
” (7 10/ 7)) 173 0.60 25.1 67.3 | — —
VE X~y (WEERE) I — 14.51 | 85.49 | — —
7=y (7 ) - — 11.31 88.87 — —
o=y | 3.61 0.21 22.92 | 73.36 | — — |
w8 A 3R (HFEEE So0fRE) 0 1.21 — 19.95 — | 134,27 140.01
” ( 7 1007 ) . 1.31 — 22.64 —} 123.11 126.32
&k , 1.28 — 15.21 — 148,60 156.49
LR 43 Rk 1.43 — 8.10 — ‘ 152.54 169.56
” 25 4EeE | 1.53 — 6.80 — ! 146.64 158.86
PR O /N . 0.48 — 4,40 - 162.42 165.01
F A=Y ; 0.67 — 1.94 — 164.78  171.89 |
7w = v CFEEE 50044) | — — 11.2 88.8 i 144.9 | 153.1
T h =Y L= — 22.8 77.2 | 126.0 134.0
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Table 2. Analytical data for gum turpentine from Akamatsu and Kuromatsu.

wom gt T E TR R EE g pemBES

K2 L i

o=y (T 2 ;E)i 0.8668(‘5/15)11.46728(20°C)3—31.26(15“0)3 0.205 10.16  13.72| PHH, JIRH*

7 (BERESEE) 0.8698( 7 )1.46817( 7 ) —21.46( v%oom 2.87,  20.87 ”
T H~ v B )| 0.8698( 7 )1.47249( ~ )|—28.90( ~ ), 0.078 5.92] 24.83 ”
&nvymﬁgn%)Qmw(v)ﬁAmm(4')—%5« # )0 0.202 3.06 19.73 ”

7 (88 ft EE)! 0.8574(*/s )|1.4683 (25°C) —20.08(20°C)§ 0.26 | 0.00/  2.40| R

7 (& # B 0.8600( 7~ ):1.4699 (7 )-17.89C » ) 0.29 0.92l 10.89 7

7z (8 H EE);O.8584( 7 )h.4677 ( 7 H—12.27C 7 )io.34 0.92 3.45 7

7z (K ¥ Qé)io.ssss( ” )p.4675 ( 7 )|—30.09C ~ )Io.as 0.32 4,24, »

7 Ok 8 B8] 0.8595( 7 )1.4685 ( # ) —23.16( # ) 0.29 | 0.49  7.03 7

(i W B 0.8562( # L4741 ( # ) =25.73( # ) 0.15 | 2,74 8.56 7

7z (K T B O.8692(”/4)H.47O7 (2o°(:)5—26.52 11.50 | 12.24! —| BT

s Gk H ﬁ)i0.8686( 7 )1.4706 (7 ) ~29.56 : 0.90 | 6.53 — 7

7 (7 ) 0.8680( 7 )|1.4701 ( # )+=30.52 | 1.50 | 13.07, —
Th=wv( 7 )’0.8666( 7 )1.4775 (7 )1—24.07 ' 0.59 6.55 — 7

7 (7  0.8634( ~ 50.4771 ( 7 )—25.00 1 0.90 | 2.46 — 7

s (7 )0.8710( 7 01,4793 (7 ) =20.46 0.29 | 2.44 —
7wy (U3 JE)| 0.8637(%[)|1.467 (25°C)—83.75(28°C)  —  — — =, s

© (7 )10.8740(/s )11.4738 ~19.17 | 0.53 — — e

[ G )io.aess f ——r—28.90(20°C))’ —] ——i —| JLR*O

VOB L OTERIT 2 & Lt 5 2 TH 7%, STOCK u. DIETERICH (L F DEED D¢, Pinus
BAEMIROmEMm, @iz illE L 724 < DA% OFEREHT ClFEORME AL, FRZ D2 >DEHD
FRCBERERE B = IR TEIow Lk, R Lo TH IS hiclifges e b ORI oL R0
= R IREIC T > T~ 5 . Therebinthina communis (KREMEL, E. DIETERICH); 7 5 v AREEMR
f& (K. Drerkeicn, Dievzr); {AEIEE Pinus cambodiana (HArTWICIH u. WICITMANYN); Pinus
longifolia (RABAK) ; 7T & 7 EEEMIE (WEIGEL) ; (F 9 o v EEMIE (TsCHIRCH u. EMMANUEL) ;
Pinus halepensis (VEZES); + — A + Y ¥ Pinus Laricio (TSCHIRCH u, SCHMIDT); 74 v 5V F
& Pinus silvestris (TSCHTRCH u. NIEDERSTADT); Fu ¥ —FE, HARE, JEXKESERIE (Tscuiren
et 2l.); 2 ¥ o aEEERIE (WEIGER),

HABEI BT, HBORECHRIFEGIEAS N, MEREEOMBEIEL XS L LT, KEE, 7
T v ik, B, SRR 2 X ARBR I Thh, RFRCHER & heBiific ow TLEmitgEs fTbh
tos ERbO 5 BICERROS BT 5 ZRER A S a2, B, &, mBmEEY, g,
N, EARECS VR HIFE LT 7o Tw 2 (1) Lo Lienih, TCbifA X, &
BigtR o7 v e v IRRIEARC Lo THE L ATT 5005, EiloT ~ 2 ORFHCE ST 2o
ERER S DTN Do i, MBS LA 25 %25 T reviigdaEl, BRoORREED S b
TERLEWEEYRLTE ), KROT H< YHIRTR LIV OXFHB L LIt DD L 5 KEXLR S,

~ vIERTE (ERIE) 2R (b LAKETERD LTEbhaT A viRgl (Frevih ofF
Bote B ONS ST DO TEEZ L OWFZEN D b, Tseimren u. Stock®, GueNTHERY, Kurrt®, JEEY
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DHEROEEBEHCELDON TS, BEO~Y2LELR ST L v v KDL THE S W A BEEORE
EHTHLE2RDIELLThA.

EMIBOGTHECE L TISH ETO L 2 H—BDOHFELRRT N TR DA, R, HALLY,
SHORGER'", DIETERICH?, &3 OB IS, ELXOMEsHE®, A.S.T.M.
PIRBEROFITEY 7o & RS ORMC S ST SE LY, BHD b IADIIENTHELED
7.

SEFIET > TH b e SRR OB AR PRy 2 UFgE L 7ofi i, DAvis and Freck',
SANDERMANN'®’, M1ns and SCHOPMEYER' HIZ X D THEIN T3, AT, £#E5IT slash
pine, longlexf pine DOUIfFE%R, Tk ~ &, M, B CAEL THEAERIELSHL, K0 X 57
b Ay

NIRRT % % FLrevil
AN -3 ;;'_'%ngm Cadp®  wp®  HE(15.5 O)
slash pine
fm AL 3 79.2 20.5 —20.78 1.4710 0.8665
259 NaOH 79.9 19.8 —25.89 1.4712 0.8665
214% HCI 79.4 20.2 —23.09 1.4709 0.8659
40%H.SO, 79.4 20.8 —-21.91 1.4704 0.8663

longleaf pine

fe AL 78.4 21.4 +11.59 1.4712 0.8682
25%NaOH 77.9 21.6 +11.18 1.4715 0.8682
24% HCI 77.9 21.9 +13.12 1.4714 0.8680
60%H.SO, 78.8 21.4 +11.31 1.4710 0.8581

Fiebb, TV EYHO (e)p AERMBOL ALK E I T B LIANE, ALUHL & S O EH]
WCERENUT LA ETED DL

2. FHECEE

ERME SRR B B R TR O TSR LIc b o Tl tud, —RRICETFOKG F X O
raE&t 2 LIRS S KOVEBHRE ST B b ok K Die, FRAPEIERICEATS 3
DNFEDORE G w D ERIRRIC 10 %L EFEL T 2 kG RRINC BT bh, BERancE
IS BT 2 L ATHETH BHY, 10 %BLUT ORGEFYLIRE & 7o > THELL Ty TRV TFER
TRERRTE . e, IO 5 B, Ry, $3E, diie  OIRPTRARO AR E R DRILDERS T &
MTEDN, AR S HIATER X 8\ Lieio T, REOEMIEESIT L Crofixtiil, £
REF Db DOERFHT B, Zh BRGSO R L2 LB [ IchiERIE (B wonTfF
52 )WAETH S, S0 LS EEDBbivbiut, FERIGOMEE GidRIEo%) ¥EEEL, &
POFRELT R THERIBCT 5 LTHRbT o & & L (8 3, 4 K810, Bk SEEEIR
S M IREAIR OB B LR 5 2 5 & & 75 < BIECIRG, TRUHRER < HEIZEL RN >kDT,
EE O T R CHERE TG, BbHIHERMERIED % THRL, 100 %R U THERFRC
T HEICHRE LRI e,
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4SH, <y ROBIRHCHEET MM, T v e vl Ed Th @D oBERTIE, 203 TH
Ca Hyo 02 THEHLINBEIEHBAMARDRESH TS B 2 LIREL DIFIFFEOTR N —HL T\ 5. G. C.
HARRIS™ (3REEEA TARD LR OBINEERC o\ THEM OFEL 2 e Lcs, T ORIREE 7 #x, di-
# X (¥ dehydroabietic acid ¥ LFLoSFROBTH Ol LDIEDO~ v ERIIEOIRER ST OWT
13, ESHE OREE A RN 7o, SANDERMANN', FLECK and PALKIN', G2 L5 I2Fh
b, EIEROSFREY ColsO: & LT B 2 HEEFR o BIRM%2IE LT3, X2 Thivbh
b, EAROMMIETRT CooHsO: BIIRENCEE $ 0 & LTI b EMIRORIEBESELTEL 1.
7 =y ORIREEA Y bk, SRR, @RS CCER, ZTVHEES OBFgEC o Tt
STEELE D7 ¥ =F Vg, VA~ —~AfR, d-v'~—-1, 7 =F v, 47 =5 8, palustric
acid® 7r ¥, KEMRLR—ORISMmSAAGEINT WS, HEoZ e, MBidEmIgH opikm
ERBYNETHFRLLCELDTEERERLETHLOTH %,

H,C COOH H,C COOH H,C COOH H,C COOH
N N N
) 8 08 80
\éI‘-I\:/\ CIL\/\ ’ \G‘H\f
| “ CH<CH3 | | CH<CH3 ] l_C<CH3 |<CH CH,
PASE A VR Y — i R R e S 4 d-v'~ — L%

FERIROBILMTTH 25", T SR Y D LE IR Z B, £ OFERIEOS &I EL T =
ATMIEERINT B, LU b, EREH DL e S vHEE T3 = AT L OFEERSHD L 2
BELREEIN TS LI D TERIED = A F A Mistti LCRITER., &5 WidFoidh oo =
ATARIDTETZ 0D, HoH LT, ERIFRCHFET ZRMO » ) IREDHIC L >TES 3
DTHHEPFHORMD D D = AT AL H YV XHBETHILEME L UL, ZOHE5 7 FviEL
b, v O vHRET 5 7 7 b v OFFFERSERC /M2 5 5 0%, ERBOBET O W TRIED L &
Aish & H\ZIg,
iEmEAYE, B, ZER e S X0 TR ZRIVELEZF 5 2 L ik X LB R TWBEETH 545,
P R OBEC IO THBEMMEI NS L &, BIEBIARLT WO ZEEGDORETHS 5 2%
bhb. LIeaioT, FEMERIXT v affioflEC Lo T EREGORO B RS = AT &g,
I Lo THIIERBOEEDOES XHEEL > 5 LE2bh bR, EMIBOEREMD 5\ L 7w 2 iz HIE
T BB FEN R NEI N T e T v & VIR W Thilbh o fo IREM O RIS T h
X, PEROFETIIRETEBMEES 2 LA TERI DO,

EMIRORG HALEWCKI T 5 L RO 4HH BB LD LW 2N TED. Tiebb,

A REEH ERIRIC X L

ms g7 e ST UEOTY L o 1920~30%

I EHEE (E7 v e D wYFET7EF~Ly, 3TRY  Cis 5%
RO 4 Fr7rVE? FIAVEE? Ciw DL 5~10%

BHEHET Co ORIETS } IV rearam, V- Cao 60~65%

Y~ d-v = — L REE
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L Eo@Emie, ZERHCHEM 2B ERRCL, T4 v ECBIERO 1 F e « N—d FF A F
e Fed AL ngThd b0 Bz Ukl b,

PR O 5 LOMEBAERIY, TEWMIET v vl vwhbh, BETCARISERC I >TEHT5
FTARVETHOT, RERIBE LT 10 Thh, ARRCBWTT v viligEs: L CGERET S
NICEEL BB OIS T 5, 7H<YERBCRIOBRPCIBEEREDOAFT Ly
ENSENTED, TrevillEI USRS L LHeORT, FORERIASL 15 BHHWOF
N UEEHEEI NS - M EO#RAS KRR E TR, b LLAEEOFFRT L oTH
HELIED LD TH B, ThUNCs v & v e 5~10 %835 hiEMERH 5. = OEE o
WL, FrANvE, F2rvELLRELOLELRSM, 5 3, 4 ROTRIHOMEL ETLT L~
VERAIRE, RATPARG & OMEEHRL T\ 5,

ERIRDOTOEEY, ThEfiRT 3R OEEEC JoTET S D THH2 b, REOERED
K OEREA D —>OFER LI s, Juc, EHMEIRL, REWEE - T, BEECERDLD Z L
PEI DT

L ko, HE, BFR, HE, 205G SERIBO—BRATEER2 A5 RICREREHEE 2
bhap, AR I TRIIEDL BERA L 1,

FrevilicownTi, HE, BFR, BEELRIET 2 ks s, BT XoTL, S bl
HEHE WL INBTHH S,

I s L CRIEER

1. & #

WEFN 27 4Rl XOr 28 4, BHERR RHERSEP)FEIEEEKEIUES 92 HEEC S W T Tl
FRALEMC X B ANEHEGRR ORI L 727 % = v (Pinus densiflora S1EB. et Zucc.) ERIFA A
oo ERABES 14 H ORENIIER 27 £ 7 ATANC, 2 EH 0B 28 £7 H, 8 A, 9AD3H
R L 7o

AE RIS 5103, REEIFOSHE, MEOEMN (B XOBAE) 2 Lo TERPCLEO>THD
EMRE, OINREIORBAEE (1BI0K) 2 LCHFHCED, - ORBEMIgRCBET 5K,
B, KA, $HEOKE /L O L RHRAICRE L. HRAROER, BE, # Uik J0mEok
t, IRIEFH%SA, MBI O RO oW TR T TREERTH 2™, ST hacihiy, g
FEACEL W SEOLEMIRT, K roufl, M, FIREHELMET 5. LR L2 EH OB
Group XII %< 7THTH 5.

Group I, #}#8¥k (Japanese Saw Method), fE#ILEE, 3 HHEIfT,

Gr. 10, #¥F§Ek, 50 %BAMBMLER, 7 H HEf.

Gr. 'V, fig8, 40 %HempalsE, 7 8 HEM,

Gr. W, #4FEE, 30 %bRMRALE, 7 H HEMS,

Gr. XI, Bark Chipping, 40 %pifgglsE, 7 5 &),

Gr. X, Bark Chipping, 50 %W, 7 H B,

Gr. XIV, American Method (Cup and Gutter System), 50 %fifesleE, 7 H B,
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Gr. D, American Method, AL, #1437 H HEJ, & 24EH X 3 H HEIfd.
7L, Group II, V, WI, XI, XIV i385 2T LhLh 6 H BEIf 2 fbhic.

AT & N AR & BREFTIC IR T 3 HC A 0 TR il BB o BIERERE R B L, B3k
UHEEBPO TV C v illEr ST 50T, MBS oL, SHIL WA T L E VB L IRL T\ B
WIEET L 2o R L, AERE— b L TERBEFIR L 2.

55 2 s HEIROREE] (10H) s\~ T Group XI, XIV, D 2 BERIE L7 scrape SUBHI IR Bl
LT 0T, S-S TE L0 50 13% & >TRRME LT, 1

2. Bl ® *E

AR IS TIE, Ml X OHIEERE £\ ) SEC UEEWCAD & & EEFER 5 2 1,

HiEHE (Crude pine oleoresin) —gIfiNC X o THMSI LB Lo & 0BT, A, it
EATVH LD, BER IO TIRRERIFEHRT I L bbb D,

Wikl (Pure pine oleoresin) ——HEMITA Bk, TMZER O T, FTkolilgr Riex
NnaH0,

WA LN 3 R CHIERIETH 528, kG L O % LI AN MEER IR X33 5 e g
LThs. dbHA, 7LVl alleEE (hE, EIFHR, TOLE) Eligs DB okl
X AHETH D,

a [ (Acid value): EHVERE 0.1~0.2 g & 95 %H9KE 10cc AR L, 77— 7 2L v
AR LT I 0 v o TS B BB 1 g AT BICET B ) 0 mg Bk b
DT E T 5,

b Bt (Saponification value) : F¥Y 0.3 ¢ % 100 cc DL GLE, D we v, 95 %
@ﬁlwc%MiT%%L,%@%ﬁuﬁle%Mi,ﬁélwwn@ﬁ?%%ﬁb,%@¢f30%
R, PSR, BT =~ 72Uy Rk L DB CIET 5. RAC blank test %
T, B 1g OB T 2HED Vv O mg B b oTURLmE L.

¢ k% (Water content): ¥ 50g % 500cc BROAEZ S A2 )2eh, ¥ w— 150cc %M
%, ZHIC BIDWELL-STERLING JRTH\WOI B KGEBEE XL, 160~170°C OlE AT 4 R
b, BHUKS > OEBROES2Z YR T 5.

d T4 (Impurities) OFEE ! =ZH7 7 A KB 6~8¢ TR, 95 %ARCERL, r5 27
Anz—~ (4G) TIE, 711 %~ LO&ZERIER, =~ 74 THE, 105°C ClER & /e % ¥ THIE
T5, BER L OTRIpOERE L e L, BT 3% 2HH L.

e RREABOBSE @ HAEMIEEY 100 L, ThI DRGE X OTHIND %wiE L B\ 7o8E b wflik:
WIED% T %, .

f Fvr eyl (Turpentine oil) OFE . FH5g X LI ADHET 7 A 2 iR L, 7k 300
cc Mz, SAUCHIEREFE LML, 160°C oA T 4R LT . TRRERCEELT
L viilio cc Fiz 0.860 L, HEHCXIT BT L e vIHDEE%RE L Lz, L LTELRRETL
R T Tk L, TOREE, HE, BITRlEORE L L.

g wvv (Rosin), #f§E; (Resin acid), gL (Unsapouifiable matter) DOH5E @ FERIRIC
WEBTVvEevilin, BfiLH) R LI>THRATS.
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wv (%)=100—5v v vif (%)

e (%)= ?’gsg X100

gt (%)=w v (%) -85 (%)
h FOREEORIRE : £RIR, TreviliZThThT « P ViTERL, 5 %OEECllEL:,
i EHiE: Assh KoEHECHE (20°0) |
i ERIEF OB EEONE  ERIE 252 % 50cc © n—~F ¥ v (b. p. 63~72°C) WML,
TR L OPBEOTERY L WES €, - ~FFVIBRORBF EFTWT 5> ~F ¥ VIEES LOR
MR A ERK TR T 3~5 EHHE L, KRS L CEES v THEREL, BEHRoREEL
T 5.

k BEBEor R~ —ABE0ES FLECK and PALRKINY OBEE®RICHO 7)Y, HRCIL n-
2y 2y DRI n-—~FF v ERFEHALL.

TFECRNTELRIE o ~F FViERKScc &b, THUCERE 5 cc #Nx, %zﬁﬁ%h Y CHIEL, g
i U T ORI e il L= (gec)

KT, EROERE~FV VAR 25cc %7 5 AL ), THICERCEEYHELL 10 %0k
~ U A VBT R P VIR 20cc BNk, IREE 20°C It 4Rk . HISHKTE, 77 A ahoRER
F 50cc DRV €V ERHCTHRIBIRTE L, 100cc 80 EEPKT SEMET %, REEOMEA~ AV
vERIAKBTHHEI N T 205, KEREL, Zh¥ 50cc Oy ¥y THIET 5o RV EVRIZE D
i 15¢cc ORTEIEL, hEoibkical, Toho~r 1 vBoSE% 1 NFED VKGR CT5E
L (BRER 7=/~ 7 2v v RHERLD. ENAWCEKk<Y A vBoE s, fiifkhofk~
VA VIBEDED, VEEY -~ ABERISELEETHBEN D, KA L o EREEERROv e~ — 2
BNEEIND,

LR — (%) = ﬁg.oizmoo
a= VR~ ~ B S LIcEK~ V1 vBD g )
b=n-~% Vv &K 20 cc rROBIERED g

I EREREEE

1. S 1EBREBOEMRE

ERIFCE TN BKRAE, KD D WITZEKHROKGTHEKT 2 0, BT BEhoks»ER
fgnBHT % L FCBALCLD, b5 WEERFEHRDOILPIEET B DR ESFEFELLNDIN, h
LD 5B, WMKC L BAIHESEL, Lo TEREORED DA L2 TRGEEL 0~10 %<
LW EENT 5., EMIBDOKRGH 10 %L Eicies &, KE L ERIBE 58T 50T, ARG
XA, FECYOTRES NS . Lo THE3IRITAS X 51T, KIFEFIX2~6%, &3, +ip,
MG EDIRDD B BRMYNT 0.02~0.73 %T, ZOWH LI MERIBOEI &3 93.54~97.85 %
L7 T5 - fEALE O E AR PR AL 2 5l L 7o & DI bR THEEEM S 7o T B 2%, oty
L CKGDEFCIEL LD TH B,

Rz, WHEMIRXIT 5B & @b &1, FRE L DIRFUEE R LT 5B, ERAIES hicER
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5533 #IBEEL, KEY, Bark Chipping 1Rt %72 CTHRAE
Table 3. Analytical data for pine oleoresins, turpentine oils and resin acids of

Chipping with or without sulfuric acid

Crude oleoresin Pure
G e :
IIZI(:Jup Chipping method Water Impur- |Pure H,SO, Acid ' Sapon.
: content ties oleoresin | content value ] value
% | % % % |
g R ! [ |
=)
Tog U“;f,‘;?tye%’ gah;}s’ped ; 2.60 0.08  97.32 — | 109.6, 109.0
Z | Treated with 50%H,SO,,
s/orl2 4y
I \‘ E chipped every 7 days t 5.93 0.02 94.05 0.025 110.2 : 111.8
n . | |
| Treated with 40%H.SO,,| | !
v l % chipped every 7 days i 4.74 0.73 94.53 0.025 113.1 113.7
I & | Treated with 30%H.SO,, |
Ml l a chipped every 7 days 6.23 0.23 93.54 0.021 113.1 112.2
. i | )
|
ol Treated with 409, H.SO,, |
X1 '|"E§. chipped every/7 days ; 5.81 0.40 93.79 0.040 114.0 113.9
I A, .
M| Treated with 50%H.SO,,!
xm.l S chipped every 7 days : 5.49 0.12 94,39 0.042 110.0 105.7
o} . ' |
D 5% U“terfeaf;d; fi};‘ypsped 1.99 | 0.16 | 97.85 — ' 120.1 | 122.3
oS : [
oo T 3 ! |
reated with 509 H.SO,, }
X1V 52 chipped every 7 days 1 2.24 ! 0.37 97.39 0.059 l 118.7 126.4 |

BEOEEM & @ LM @, DIETERICH u. STOCK? I XiuE, Folific—E0BERMIE L85
L, B LB 072, Tiodbb = A F LML 5~60 DRIREEIT 5 Luvvbh T, ERIER W Le v
YO EATAMOAEZIEDD Z L X EbDTHERO L 5B TH D, HOSEHO L2 H S BER L &
Ex b sy, HEIHEERERIBCIL = AT AMPELDTYINZ L0 bART, =R T AMidEEDR
D ZRATECC X LR R T 2D TE b 50 2E2 bR 5,

7L v I AR —RCAREETINE <, $E¥E, Bark Chipping TIIEL £2 T B, ShiL
JkE¥%, Bark Chipping 23pHFE#k L2 C, BT ABIELEH AW T L, COMT v e v ilihEE
FTH L FRT A LD LREND, Fh, EINESHICHRE LR L, 7HECHR LR L%
B &, BEAOHE S h i oRGEEOF R, 7L e vilioiky K& e b bl C, T0HE
ATERELE 3 B HOIN O T, AU L 2HRT 5 2 LI I TASERBD bR S, L L, Bl
AEETEL 7o i, g0 BE, BINMENBNT 25, ThicET 5 ETo T v ey IERER
BLARD L, H oS kI 2 BFRERIBES B b, R, BABORE, HEEHOT v
VA RICE LIF TSRS T VEE T 2O LIE 2 EHIBOEMIEC oW THEICIZ S X )
i, HESEORWEAEEEREO I 23 22T T v EVvIliEROE W NS HEED b, T
© v OIRL O BEA IR & WIAHRE & OB XoThhVWREEI WS,

3RO v OV BITHIERMED BT v e v iR ICEE D T, BIIEMR, 7L e v iloE s L O
BALED BB, R h Db @i 77.9~82.7 % Th A2, TEHCLOhB e T vREF LY
VIEAREEIRDL DT, ThIDVRB %D b L ELBRETH D,

RIS O S HEIAIE 60~65 %ORICSH S, BIBAELAHNE & MAEED 7 h & ORICITFL B S
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L7 »= vERIR, 7 v e vil, BIIREOSH GRIBE 14H)
Akamatsu, turpentined by the Japanese Saw Method, American Method and Bark

treatments (the first year’s turpentining).

oleoresin Turpetine oil : Resin acids
L - om 15 | - Maleic
Turpen- | . | Resin  |Unsapon.|(a])p*~!° . (al)p'®® |{Levopima- .
tine oil | Rosin | acids | matter in i np® in ?ric acid :ggist’g;gg
% ' % ] % i/”_ acetone | acetone | % %
a | | |
21.7 78.3 | 59.1 | 19.2 | —48.8 | 0.8626 1.4778 , —31.6 45,15 14.65
I ' N .
! I i ! :
20.7 '+ 79.3 E 59.4 19.9 | —42.50.8739 1.4803 , —24.5 32.28 t 10.54
‘ !
| | { ) i
22.1 77.9 | 61.0 | 16.9 » —55.6 | 0.8711 1.4770 . —29.8 31.19 10.12
‘ |
|
20.7 . 79.3 ‘ 61.0 | 18.3 .~ —53.2 1 0.8637 1.4820 —22.6 30.19 1 9.80
i ' B | ] . o
| [ [ ; i
18.8 l 81.2 | 61.5 19.7 —45.3 0.8750 . 1.4814 —19.8 30.82 10.00
I |
17.6 ' 82.4 ‘[ 61.2 | 21.2 © —51.210.8784 1.4835 —17.4| 28.13 9.13
- — e ——
20.4 79.6 | 65.0 14.6 —50.6 ‘ 0.8694 « 1.4810 ‘ —26.6 ' 45,37 14,72
i i ‘
17.5 82.7 1 64.0 18.7 ; —41.5 l 0.8773 | 1.4866 ‘l —12.8 1 37.39 |. 12.13
| |

Nigvs. TRIEHOMIL 14.6~21.2 %T, O LBIEH% £ OO, HiRe S voZrhclkL T
Bk, EF VeV BREIRTWRLOR LB 3D THS.

T b= Y ITHIRAL A L T2 bhoa ERIED D IEb e e ¥ v OBEIZ DWW TESHEOTIER Eich
E78 B 7EAs, longleaf pine, slash pine TORFZERERIC X", w v OffdhdE, BB, B,
s LT AHROMBI ALY, LRBEHENPPET TS LI LL, ZHRERIFOKEE
I DTEEINRDS L b Thb,

7 h = v ERIR AT T, BAERE IR - 47.6° (RIEED, —49.5 CREE) L7z>THk
b, MRALENC X AREREOBLIE LA LRDd bRt T h~ v ERRIE KRBT L o&ET
35BN, BRGERESTS. —F7 % FVIZIZERHS, 22 oBHCET 50T, BB 720
195 %W AT,

7w VERIEL D2 bR BT v Eviing, FEH, JIRHEM, SER®, BE, I ok Jiuk
KW, JLE 0.8562~0.8809, EHE 1.4725~1.4793, (a)p—20.46~—31.75 ORPRICD 5%, SEHE
BERERAERAED LRI ToE S iz 7 v e v iilng, HE 0.8637~0.8784, B3T3 1.4770~1.4866,
(alp —12.8~—-29.8 T, MEALERD { DICHARTHE, BITEAP0EL, EEISRERG, i, #
Birk L AEEk, Bark Chipping & &M~ ThH, FAKOEALARDLNS, LL, fHEETLbhE
BIgo 7 v e vl b BRI ORSE L i3i1E—8T %,

2. HEEBhoLARE=—LBOR

IR ISR A D X 512 CaoHzo0: DOFAE & DI AMEROEEMTH D OBMERINT
Ny 727y AV vyBEEL, FhENEho TR LY b 2050 THEG OB, EE1HE
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Hehsd, THwY, 7wv<y OMBMESMIERINCI L HHA, BEWNIC S IRBRADOENS -, #
EE BT 5% OWFFER X 2T, MIBEIEENILI LT vHlE v~y A v vl 2T KBIE NS Z & 2HID
NTkbh, NEIEEE, St 2, BodUREET, Bk v vk IbaanRT s, B8
N LBRBC LRETH B, IO Y b, FCL R ¥~ ~ @i, HRCKWTIK~ VA vEE
IR T 2EENS 50T, COREHHAL TR~ ~ABOBRERITHIL TS,

CH, COOH CH, COOH
VA NVAN CH—CO

| * I >0_*| ‘ |————————CH—co
AVEAVAN CH—CO AVAAVAN N
CH1 l CH;, ]l 0

CH,; k< v CH;

—CH A —CH /

endan g AV CH: v co

VAR Y~ — i &%

VY ~ IR L OB o TESR LR T OT e SV ICIIBECEET 2T E 0,
ERIE D L ERIED BILEWEMEZIT o X ) & T oB S hociliglig (7o 21 densipi-
maric acid, proabietic acid) ITiIZABED LA~ —LIENFEET S, LAY~ —AROEEEE LTI
FETEEE, BRSO3 5%, DIELS-ALDER O F = v FUSEISA Lk~ v 1 v X 555
ELEEOBTHLDOTH D, B OFEHRFHER LIz RUZICKA®™ X, Fichte D&EMENLSHEL K
s Wk~ v 4 vERE R FIGR LS, 20 %DINETHIMLEHE187. ¥7, SANDERMANN
i3, TSI ORCEOERAYFH L TU R~ L BOEER T/, TOFRIELL
72\ FLECK and PALRKIN® 3K~ U o vIBECH R X X L ERBEEBE L. Tihebb, ERfED
-~y X VFRICIEK < VA VRO T 2 b VIR ERINU RIS 21Th Lo, BT RIS DMK
~ v A yBhb Vv RE Y AR EET HERERE TINS 0L Y 5L CEEWCERT 5 5%k
Thb, FHETROCHWADOFERTEEINIRIFIREFO L R~ ~ L BEEYBET B L RO &
{THbo

] i pa *®= LR < — LY W oZE &

Pinus sylvestris B W = 47.2 SANDERMANN'
Pinus palustris k=< v 4 vIREREL 33.2~38.4 FL.ECK and PALKIN'
v 7 30~35 G. C. HArris'®
Pinus caribaea fok= v~ v REEER 23.1~24.5 DAvis and FLECK'’

Pinus maritima Tt b 5E 40.6 SANDERMANNI

FLECK and PALKIN 7 EZROFETAER (Pinus palustris) ORBISECE TN 5 L A~ — L8O
ERAEL @ 33~38 %T, i Harrs pFE—RECOWTEC@E X —HT 5, ZOELE
72, SANDERMANN 2P0 FECHIE L 7= Pinus palustris Off (33 %) L H—FLTn%, IoT
bhbhd, =0 FLECK and PALKIN OBRBKICDODL DT, 7h= YERMIEEZHAWT, *OWIREE
HOUEY T —LROBER TON. RERLLT vy 2y DR DI a-~F F v, ERIE
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DF Vv EVIINERLF—REO TS W THET Bk v 1 vBORIIER L THELE 2 o EED
BB T ¥ I DT,

T =Y DERIFC T2 VR ~ABERIFE IR Z L, BUAMOBHEIT, AFE, KEKL
HITHY 45 %T, THULEFRE Y densipimaric acid CEIE LU L Tb. LERADTLr A~
— MBI EZROLDOHEC Lo TULEfbRIDEELBND, ZDZ Lix ¥/, scrape IO L K=
~ gAY dip DS E L VS D0k L &R\ WE L Davis and FLECKY OfEFIC Lo T L r3Ed h
Tnbs 7HTYREITD 45 % L 5 EIRAERCIEARS LHSEETH DT, 7o~ v EREolE
EEr Wi dhb it —F, SO HEI NS, wTFh v Ry~ BIXRP L Ts
D, KEE 50 GBI AIRE LR TR 30 BEHEATH DN, SHUXEZH {FoHIc L R~ -
AR T ¥ =T v IRC FEM LA R L b D 2B L b s, HESSENLAND® (%, Pinus palustris 2 25%
IR 270 TERIR L I ERIRICIR U R €~ — ATEDOFEEN RS D NI LG L T 545 (RAL
HTIL 40~48 %), {7, Davis and FLECK'™ [X[F U < KIHRITOWT, 10 BhEA ¢ 2 bivied:
IR O VR Y~ — LR ERIE L, TOENBAETHL Th TR L T b, o LIEeRE
e DO E|MEL Tnb.

A FRET 1 densipimaric acid b R+ 7 =F vEE2 5L, ZORBIIEE v R Y~ —AD
Ba tA—0ORF Tk~ v A VB LA MEEERET Z 2R ELTWHDT, EROEFHRIZH
CHTERBETH L &b LhTes,

3. BRI LOTERBRIEAT IHBOR

BRI AR CIIBERIR 24T 5 e, RO ERIFTH L Tuaie B FARET L W5 22k, oh
FLEMCHET 256, BOrb X b2 2 WiETH B, BRI T2 b e dEMIE R L Ttk

ER ) OERFRBMTRCERRCUBITE AL D, HAWILIOERELrbORFZTHLE Yy,
7 U EVIIAIERD & DITHEARTRERERZE UL WHAED LW 3 BSAET 50, hb offEOR
BE T b ORERIBRICBEAT 50 OETH 5. T RIFRESLERCIET AR, $2 2T
UMWz & IET 5,

BB AW A OEIR, bhubhni =Y = 9%, 7 o< vk L TiFo 3Bt b UNC longleaf
pine, slash pine IZRIFAHROFEFIC LT, 1L D BB I T 1lec AELETHD Z LAHBEL T
5. BREOBER, B L SBHEOINC t>THE Lk WEX ST L0 TH 5. BIfEE
GEECHBLT 55VRY, 7o & ZIERIRIEDLAITH D TL, SIEET L A EDNIEBC A 7 v ~ Ok
BRECHT, BEEBL, NEBARTREORLDTHSN, TOBN1ccBRECTERVWID, ok
ZEMBC M ABAT 2 L LT LRI ELDTHDTHA 5 Z A TFHREL NS, BT EIET
B, 1HBH ) OFPHEREEHEY 70~80 g T 525, KOYCEBIhEAC LT EiE
RRBFTS & LT LERERCRT AMBO%IIEE T i b o i h, FEITE, BRIk
BB ORE AR BE S W CAEOBELFET 5 2 LI 5D TH B2, BT 5EMR il &
ML TSP 3BEYEL LI Cd 2 X BT bRy, ERIFTBEAL MO 1ILEE & &e
Rigcd b, 1Rt ORECH 5. SEIAIE L ICERIER ORI EE Th 5. ORI I h
o, RS A HEERLY 0.021~0.059 % T, ZhabEET B L iERCRITT 2RISR D

2~5%IZE D, FNIEERCEE ELIRNEhEOTHD. i, RCHALRD XHIC, KEES
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0% Bark Chipping DG AL D F TR T 2 [BDWMREEA T Wb, ZHRENAERS

CEINHE ORI AR S 2 L ICEEAT S LD EWIRETH S, Tinbb, KEE,

Bark Chipping o

BINERECEEAHE LS5 TR Y, EHBIA I oo FCEL, BHT2EIEd oM

LEHETT 505, BRI BEEE1%L bbb Thb.

Mims and SCHOPMEYERY (% 40 %ff

Bed 1EER Y T EN 0~13cc HX et e O vt E E5 BifleEiy 0.001~0.027 % THh B Lk

&"C‘z‘bo
4% SIEEEE, KE#k, Bark Chipping (CHRBRILEE 217D T
Table 4. Analytical data for pine oleoresins and turpentine oils of
and Bark Chipping with or without sulfuric acid
Crude oleoresins
Group Date of
Chipping method . Water s Pure s
No. sampling content Impurities oleoresin Acid value
L % % %
! | i
‘; Jepanese Saw Method, | July 17 0.02 | 0.09 99.71 119.02
I | untreated, chipped Aug. 18 1.42 | 0.05 98.53 119.80
|
; every 3 days Sept. 17 3.83 | 0.05 96.12 118.94
| Av. 1.82 0.06 98.45 119.25
[ ]
[ | |
i Japanese Saw Method, July 15 ‘ 2.59 } 0.06 97.35 119.40
1T | treated with 50% H.SO, Aug. 18 ' 6.04 : 0.05 93.91 113.76
Il .
chipped every 6 days Sept. 16 : 4.86 0.02 95.12 122.56
1 Av. 4.50 | 0.04 95.46 118.57
| T T
! ! ' ! |
" Japanese Saw Method, 5 July 15 i 4.36 ‘ 0.03 [ 95.61 122.36
v ltreated with 40% HgSOhi Aug. 18 | »l.80 i 0.07 98.13 118.07
fchipped every 6 days L Sept. 16 1\ 4.78 ! 0.04 95.18 120.12
' | Av. I 3.65 ‘! 0.05 96.41 120.18
| | L !
. Japanese Saw Method, July 18 2.16 ‘ 0.03 | 97.81 125.31
I ‘ treated with 30% H.SO,, Aug. 13 : 0.88 | 0.04 K\ 99.08 125.17 \I
Jchipped every 6 days Sept. 12! 1.80 0.06 98.14 124.43 ‘
f Av. 1.61 0.04 98.34 124.97 "
S S R I _ |
| July 18 2.40 0.06 97.54 121.44
) ‘[ Bark Chipping, treated | Aug. 13 7.56 . 0.11 92.33 123.57 ;‘
XU with 4095 HaSO,, chipped | Sept. 18 6.64 | 0.14 93.22 123.31 |
i i
| every 6 days Av. 5.50 | 0.10 94.36 122.77 !
Scrape;‘ Oct. 18 1.70 - 0.18 98.12 151.26
} ' July 18 .32 0.04 | 98.64 119.04
| 1
;American Method, treated . Aug. 13 7.00 0.11 ! 92.89 121.45 |
2SN | with 509 H.SO,, chipped | Sept. 18 9.50 0.10 ! 90.40 119.75 |
{ every 6 days . Av. 5.94 0.11 94.98 120.08
| |
Scrape | ! Oct. 18 2.36 ' 0.33 | 97.31 149.92
————— f - et - |
; | July 17 0.17 0.09 99.74 123.50 '
. American Method, E Aug. 18 1.76 0.04 98.20 122.54
D ‘ untreated, chipped ’ Sept. 17 3.74 | 0.03 96.23 122.87 P
I every 3 days -~ Av. 1.89 0.05 98.06 122.97 |
Scrape | Oct. 14 0.52 0.38 99.10 142.34 |
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BEERALFE T 2 b 5 ERIR O —RREHERN, vR e~ ~ A RO T 2 IANE, AR L 3 L\

FRIEA LR, LA L, BOEAK X2 Tz OIS 7 EbE & 35Tr 2T B0 EIESEOVF
F L OTHLMNLEINLEREMETH 5.

4. H2EBERBOERE
BRERAUENC LD C 7 = v 2 BERIR L I8 2 4 B OERMEREHC oW T L 45 14E B R L AR 5HT %

fFotes 7L, H2E RO W TRBREE, v 8~ ~ABOERIIfFhich ok, FHORM

WIS L7 a= vEMER X 07 v e vilio5HT GRISE 24EH)
Akamatsu, turpentined by the Japanese Saw Method, American Method

treatments (the second year’s turpentining).

Turpentine oil

Pure oleoresin

|Tgrpeq-| . Resin | Unsapon. | 7~14 . 5 2~10
s g | R | G0 Smleun e | ow | 2
121.41 | 23.29 | 76.71 64.19 | 12.52  —60.8 | 0.8690 | 1.4860 —31.4
12432 | 2182 | 78.18 | 6461 'I 13.57  —66.4 | 0.8838 | 1.4804 —23.1
122.89  21.65 | 78.35 | 64.14 14.21 - —68.7 | 0.8648 { 1.4765 ~25.4
12287 22.25 | 77.75 | 64.81 I 13.44 | —65.3 | 0.8725  1.4810 ~26.6
122.75  27.12 | 72.88 | 64.39 |  8.49  —64.1 | 0.8964  1.4877 —30.4
116.97  24.85 | 75.15 = 61.35 . 13.80  —59.1 | 0.8956 | 1.4845 - 5.9
119.51 21.25 | 78.75 | 66.09 | 12.66 | —58.2 | 0.8610 | 1.4779 -21.0
119.74 24.41 | 75.59 | 63.94 i 11.65 | —60.5 | 0.8843 | 1.4834 —19.1
123.25 ' 25.80 | 74.20  65.99 | 8.21 | —67.3  0.8728  1.4826 —15.2
125.59 | 26.29 73.71 63.67 l 10.04  —68.1  0.8730 . 1.4814 ~15.8
126.73 ' 26.20 73.80 | 64.78 | 9.02 = —64.3 . 0.8832 | 1.4820 -13.3
125.19 | 26.10 73.90 | 64.81 1 9.09 | —66.6 | 0.8763 ; 1.4820 —14.8
125.19 | 28.24 | 76.76 = 67.58 ' 9.18  —58.2 | 0.899 | 1.4822 , — 6.0
122.78 | 26.16 | 73.84 | 67.51 | 6.33  —60.6 | 0.8815 | 1.4803 : — 3.5
126.8¢  23.52 76.48 | 67.10 | 9.38  —52.1 | 0.8759 | 1.4818 @ — 7.5
12494 24.31 75.69 | 67.40 8.20  —57.0 | 0.8348 1484 | = 5.7
121.26 | 23.30 | 76.70 ( 65.49 , 11.21 | —63.6 | 0.8660  1.4785 —17.3
127.21 | 21.95 | 78.05 = 66.6¢ 1.4l | —62.7 | o.8722  1.4802 —24.9
129.03 |« 19.77 | 80.23 ' 66.50 ' 13.73 | —62.4 | 0.8657 | 1.4808 —12.3
125.80 | 21.67 1 78.33 | 66.21 . 12.12 | —62.0 : 0.8680 | 1.4880 —18.2
155.83 | 10.02 | 89.98 | 81.57  8.41 | —64.7 | 0.882¢  1.4809 —25.1
128.20 | 22.41 | 77.59 | 64.20 i 13.39 | —56.9  0.8624 | 1.4803 —28.8
133.15 19.44 | 80.56 = 65.50 15.06 | —62.0  0.8723 | 1.4812 ~34.3
129.48 19.70 | 80.30 | 64.58 l 15.72 ! —55.0  0.8672 | 1.4819 —24.7
130.28 ' 20.52 | 79.48 | 64.76 | 14.64 | —57.9  0.8673 | 1.4811 -29.3
157,41 | 10.45 | 89.55 | 80.85 i 8.70 | —44.8 | 0.8891 | 1.4838 —33.5
125.78 | 21.93 | 78.07 | 66.60 | 11.47 | —58.3 | 0.8637 | 1.4758 —32.4
125.93 = 23.77 76.23 | 66.08 "l 10.15 1 —60.9 | 0.8602 | 1.4769 —21.5
125.64 | 21.71 78.29 | 66.26 | 12.03 & —64.1 | 0.8563 | 1.4760 - 7.8
125.78 | 22.47 77.53 | 66.31 | 11.22 | —6l.1 | 0.8601 | 1.4762 —20.5
158.44 ; 8.00 92.00 | 76.76  15.24 | —58.7 | 0.8722 | 1.4792 —24.3
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rhEn7 A, 8H, 9HAD3»AM, &AMCER L s (dip), Zoshc, Bark Chipping(Group
M), KERFEES X OJELEE (Group XIV, D) o 3k, FRIRHIHOWTHE (10 Arhd) ELEC
FKAERCAIFE L T % scrape GERIAR) % IO L THOATCEE Lo ChBAFT 24 ORI OSHHE
IS4 FITB T B,

EREDOIRGF %61 0.02~9.50%C, Z DI 10% D&MD B0 ZIb DFBHIAIRAICIZL Tk
FOFELR RO . PRS- D 7 AR S WL, KoEaR 0.02 % X5 K- Ex R
L, HEERFILALKREGEAT VIR, 202 LIXERIERICIXERAIKRG NG L A EFEELRVZ L%
AL T 5%, scrape X dip WHARTRG ORI D2, AN MHOREI S\, dip OFHEIT
0.2 %BLTTh 5, HEMIBOME (WiEMRIRD%) XL Iea>T 90.40~99.74 % & izl —#ic
Bark Chipping ¥ X OUKER & fIFEER L 2T 5 &, B3I Lo T ERIFEITR I R Do .

dip B\ T, FERIROMEMIL 118.76~125.31, @M% 116.97~130.28 T, MG
&, AR DI 3~5 REL D TwB, FRCKER 50 %ALY (Group XIV) @ dip XFEHE D
NAXL, 3{EORE OEHEIL 120.08 X8 130.28 THDE 10 CiET 5B, LHL, FOIzHhOH,
BBV TEREIB R S LT T, MC@BbMoR 2 MO MERRLIAE 2~3 H5. DX 5 7aFE
135 1 EEHIROEMIFC R W TARD bR L 25T, ERIFOEEN L B LIMITTkE—~OEE2ET 5
DTRIEDA I EWIEL BRI DD TH B, —J, scrape KBTI DFEIAREL, Group
XTI 4, XIV A3 7.5, DAY 16 72 Tinvbe 20T X3, B EghiciiEs s z it kot
SRR ARROIEAEZT TERL, 74 ) EEOMEDLENT 5 O Tillows & 5 kiR 5 §
DTH5-

MERIRCT 57 v e vl %, #ifEEk, KEZROELNE (Fhd 3 B A8, /IR »AuePh
3, 22~23 % Tdh 5T, FEEMBRUBIEHEORBTIIVWTRE Zh X W EFETFEWEZRLTE D, %
@ Group IL ® 7 AHIBDOEMIFICIZ27.12% L W3 ZED T L E Y lINE FN T, CLARK and
OSBORN® iz XU, NSO MISIS A LARIEHRDF v e v e B X ORNCILFIBE £ @At e & S h T
BY, bivbhd Eh, KBRROWEEL DIXLD X 5 B4« FRZEBD D 2 e N TERDDR, FIFEET
ZTEERIRIC LN B &, KB ¥R H N Bark Chipping Tz cERIRICIL T v e vy, —h
RE1EEFEORBICOWT A bR L 25T, LRI DLW T Ttk i,
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Studies on Natural Resins. III
Chemical properties of pine oleoresins of Akamatsu
(Pinus densiflora SIEB. et ZUCC.), turpentined

by sulfuric acid treatments.

Makoto ABE, Tokuo YOKOTA, Moritami YASUE,
Sueko HISATAKE and Sadao NAGASAWA

(Résumé)

Although many kinds of pine gums obtained from different pine species of various
countries have been analyzed as to their general characteristics, such as water contents,
acid values, saponification values, turpentine contents and rosin contents, the standard
analytical method for the crude pine gum has not yet been completely established.
However, it is necessary to determine the general property of the pine oleoresin, not only
for its vast commercial utilization, but also for studying the ultimate nature and biosyn-
thesis of the gum itself. Such knowledge would in turn serve to improve the gum pro-
duction techniques.

If we want to compare turpentine contents, acid values or saponification values etc.
in the gum from different origins (pine species, habitats, turpentining seasons), the data
must be based on the samples which are freed from water and impurities. With this in
mind, analytical data obtained on the basis of crude Akamatsu-oleoresins were therefore
further converted to the percentages of pure oleoresins (See Table 3 and 4).

It is generally accepted that acid components of the pine oleoresin are a mixture of
resin acid isomers, having a molecular formula CyH3,0., with the exception of a small
amount of acid components in the turpentine oil. This fact affords a way to calculate the
resin acid percentage of the gum from its acid value. Resin acid contents in pine gums
determined by SANDERMANN'® FLECK and PALKIN'' and TSUTSUT'® were based on this
assumption. There has already been reported the presence of abietic, levopimaric, d-
pimaric and neoabietic acid in Akamatsu-resin acids.

Saponification values of pine gums are generally somewhat higher than their acid
values. Nevertheless, the presence of ester compounds in the pine gum or in the rosin is
quite doubtful. This difference (ester value) might be attributed to other factors rather
than to ester compounds, i.e., to the presence of some lactone- or peroxide-compounds,
that have been formed by the secondary change of the resin acid, supposingly brought
about in the gum or rosin by the action of light or air.

The method of detérmining the individual resin acid existing naturally in the oleoresin
has never been accomplished, and the determination of levopimaric acid countent is the
only one which has received much attention because of its interesting reactivity with
maleic anhydride in some solvents, i.e. adduct formation by DIELS-ALDER diene-reaction.
The improved method for determining this acid by FLECK and PALKIN was applied for
Akamatsu-oleoresins, and its amount was found to reach as high as 45% of the total resin
acid.

In recent years, a new system of gum turpentining has been introduced into the naval



—178— MEESRB IZEHE $ 958

stores industry, as the usefullness of sulfuric acid stimulation was recognized for increa-

sing the gum yield from pine trees. Previous reports have shown that this acid stimulation

was effective for the turpentining from Akamatsu (Pinus densiflora SIEB. et Zucc.) and

Jezomatsu (Picea jezoensis CARR.).?’ The chief purpose of this report is to show the

differences of the property of acid treated gums from that of untreated ones.
Experimental

Oleoresins used in experiments....Oleoresin-samples were collected from Akamatsu,
streaked by the Japanese Saw Method, American Method and Bark-Chipping with and
without sulfuric acid treatments in July 1952 and also in July, August and September 1953.
The details of streaking operations and acid treatments are referred to in Table 3 and 4.

Oleoresins were dipped out from cups immediately before the next streaking into glass
bottles fitted with cork-stoppers, excluding rain water and needles that had fallen into
cups. Eight samples in 1952 and twenty-four samples in 1953 were stored in the cool
until the end of each season and were analyzed in the laboratory. In weighing oleoresins
for each determination, they were well mixed as the resin acids had precipitated in the
bottom.

At the end of the turpentining season in 1953, scrapes were also collected from faces
streaked by the American Method and Bark Chipping.

Determinations. ... Tentatively oleoresins are defined as follows by the authors: Crude
pine oleoresin is the one which is directly obtained from cups and contains yet some
moisture and impurities; pure pine oleoresin is defined as the one which is free from
moisture and impurities, but never prepared in practice. Determination values obtained
from crude oleoresins were recalculated to the basis of pure oleoresins, except for the
specific gravity, refractive index and rotatory power of the turpentine oil.

Acid value: Sample gum of 0.1g. to 0.2 g. dissolved in 95 9% alcohol was titrated
with 0.1 N alcoholic KOH solution using phenolphthalein as the indicator.

Saponification value: Sample (0.3g.) dissolved in 10cc. of 95% alcohol, to which
was added 10cc. of 1/2 N alcoholic KOH solution, was boiled gently for 30 minutes under
reflux on the water-bath. Blank determinations were conducted simultaneously, following
the same procedure. After cooling the solution, they were titrated with 1/2 N HCI solution
using phenolphthalein as the indicator.

Water-content : Sample (50g.) and 150cc. of xylene were placed in a 500 cc.-flask
attached with water-determining apparatus.*’ The contents were boiled in an oil-bath at
a temperature of 160~170°C for four hours, and the volume of water that was distilled
out into the apparatus was read.

Impurities : Sample (6 g. to 8 g.) dissolved in 50 cc. of 95% alcohol was filtered through
a glass-filter, residues being washed with alcohol and ether, dried at 105°C and weighed.

Pure oleoresin: Percent of pure oleoresin=100— (percent of water content+ percent of
impurities).

Turpentine oil: Sample (5 g.) was placed in a 1,000cc. flask, to which was added 300
cc. of distilled water, and the flask was connected with a trap.'*’ Steam-distillation was
conducted in an oil-bath at 160°C for four hours. The turpentine content was calculated
on the weight-basis from the volume of turpentine as its specific gravity being 0.860.
Turpentine oil thus obtained, was dehydrated with anhydrous sodium sulfate, and was

used for the determination of rotatory power, specific gravity and refractive index.
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Rosin, resin acids and unsaponifiable matter : Their values were calculated from the
percentage of turpentine and acid value of pure oleoresin as follows:
Percent of rosin=100-percent of turpentine oil

Percent of resin acids= _acid value X 100

Percent of unsaponifiable matter =Percent of rosin—percent of resin acids

Optical rotation: Rotatory powers of gums and turpentines were measured as 5%
acetone solutions.

Refractive index measurements: Abbé’s refractometer was used.

Sulfuric acid content in crude oleoresins: Sample (25g.) was dissolved in 50cc. of
n-hexane (b.p. 68° to 72°C.) to remove small amount of precipitated impurities, then the
major part of n-hexane solution was separated. This hexane solution and residues were
extracted with distilled water three or four times, then extracted water was combined
together and titrated with aqueous KOH solution.

Determination of levopimaric acid in Akamatsu-resin acids: Determinations were made
following the improved volumetric method of FL.ECK and PALKIN, replacing n-pentane by
n-hexane.

Brief description and discussion on experimental results.

Water contents in crude oleoresins varied from 0.02% to 10 % on account of frequent
rain falls. On the other hand their contents of impurities being 0.02% to 0.73 %, the
percentages therefore of pure oleoresins were 90.40 to 99.74. It is still unknown whether
a small amount of water such as 0.1% may have derived from the physiological origin or
from the atmospheric moisture. Scrapes contained less moisture and their contents of
impurities were higher than dips.

Differences between sapounification values and acid values of pure oleoresins, so-called
ester values, were generally not higher than 5, either among oleoresins obtained in the
first year’s turpentining or among those obtained in the second year’s turpentining. Ester
values of scrapes were higher than those of dips. In some cases, acid values were almost
equal to saponification values or slightly lower than the latter. This leads us to assume
that the original pine oleoresin would have no ester value, but that it can be induced
when resins are exposed to the light or atmospheric oxygen.

Turpentine contents of pure oleoresins, which had been obtained by sulfuric acid
treatments in the first year’s turpentining, were somewhat lower than those of untreated
ones, but in the second year, turpentine contents of acid treated gums exceeded those of
untreated gums. The highest value (27.12%) was found in the gum that was turpentined
by the Japanese Saw Method with 50% sulfuric acid treatment. Generally speaking, the
Japanese Saw Method gave higher turpentine contents than the American Method or Bark
Chipping, because in the former gums are less exposed to the air as they flow down in
the narrow streak to the cup. Scrapes that had adhered to faces contained only 10% of
turpentine oil.

The amount of the total resin acid in the pure Akamatsu-oleoresin, calculated from
its acid value, varied from 60% to 67%; on the other hand, the resin acid content of the
scrape was as high as 77% to 82%.

Uunsaponifiable matter was found to be 14.6 % to 19.9 % to oleoresins obtained in the

first year and 6.33% to 15.72% in the second year. The pine gums of Akamatsu and
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Kuromatsu are believed to contain some sesquiterpenes, and therefore, commercially it is
necessary to distill off this high boiling fraction of the gum under vacuum to raise the
melting point of rosin. This fraction is called ‘‘heavy turpentine oil”’, and is distinct
from ‘“light turpentine oil’’. Gums which were obtained by the Japanese Saw Method
with sulfuric acid treatments contained relatively less unsaponifiable matter. Scrapes
from faces treated with the acid gave smaller percentages of unsaponifiable matter.

Optical rotation of the pure gum in acetone solution was —50° to —60°, and the acid
treatment had no effect on the rotatory power of the gum.

Specific gravity, and refractive index of the turpentine oil were increased by the acid
treatment, but rotatory power was slightly lowered.

Resin acids of Akamatsu-oleoresin were found to contain 45% of levopimaric acid, but
its value was lowered by the acid treatment. Perhaps this could be attributed to the
isomerization of levopimaric acid, caused by the action of sulfuric acid, to abietic acid.
As adduct formation of neoabietic acid with maleic anhydride under the same condition as
levopimaric acid have been reported recently by TsurTsur*', so FLECK and PALKIN’s
determination method might have to be further improved.

Crude pine gum that was obtained by the acid stimulation contains inevitably small
amounts of sulfuric acid. By determining the water soluble part of the acid, i.e.,
extracting the hexane solution with water and titrating it with alkali, it was found that
gum contained 0.021% to 0.059% of the acid. This corresponds to 2% to 5% of the acid
sprayed. Because the amount of acid solution, which may be taken up by the gum, is
considerable on faces that are streaked by the American Method and Bark Chipping, acid
contents of gums obtained by these two methods become high.

Contents of turpentine and resin acids showed higher values in the second year’s
gums than in the first year’s, but unsaponifiable matter was higher in the latter (Fig. 1).

General characteristics of the gum showed relatively wide ranges of monthly varia-
tions, but seasonally no definite tendency was found.

It was found that the turpentine content and the unsaponifiable matter content of the
pure gum were inversely proportional (Fig.2). This fact may suggest that high-molecular
unsaponifiable matter would be produced by oxidation or polymerization of some turpentine

components.
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