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Retentions on dipping with supersonic waves (SSW) and dipping
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Table 1. #WEWRE (SSW) r HEEBE (CD)  ORINED LB

Comparison of retentions between dipping in water with supersonic waves (SSW)
and cold-dipping in water without supersonic waves (CD)

A% P{Ezsitig% 6 minutes 36 minutes
Frequency B Top Middle Bottom Top Middle | Bottom
Dipping method ]

SSW kg/m? 49.9 38.4 74.3 102.6 107.0 163.0

50 ke CD kg/m? 39.4 29.1 28.5 52.9 52.5 74.0

SSW/CD (1.56) (1.20) (2.32) (1.71) (1.79) (2.73)

SSW kg/m? 38.8 32.7 42.7 76. 4 98.5 153.0

200 CD kg/m? 30.2 29.4 30.2 48.6 50.5 45.8
SSW/CD (1.30) (1.09) (1.43) (1.58) (2.04) 3.17)

SSw kg/m? 33.9 32.7 57.4 142.0 144.0 218.0

400 CD kg/m? 45.4 44.4 35.7 78.7 71.7 54.9
SSW/CD (0.81) (0.78) (1.37) (2.08) (2.11) (3.19)

SSW kg/m? 47.0 59.1 |- 85.0 146.0 166.0 200.0

1,000 CD kg/m?® 46.5 55.3 - 46.0 72.6 89.4 76.5
SSW/CD (0.95) (1.20) (1.73) (1.84) (2.09) (2.52)

Note HRERH Test piece: 10_x10x0.4cm, 5 7 By Lauan veneer, ﬁ;z]($ moisture content 13~15%.
BERKDH 7 Power of supersonic waves: 400 W.
#3% Dipping medium: 7K water.
W, FTEHBECHNTHEORBL &L DCERF LR L L 23K ERERK - T 5 2 LIXB b A
Thh, ZOREEADRIEFRAHEOBRE L L T THIE, LLARERBEI VEBIVHLLS
LfRErhiczeicind, LaL, dLEBERLEOHREIBELADOZRILLTHD, b2 TEEK
ZEDLL D, MOFRTELYMBETIUILI VDT, EERC X 5EEREOERIV s, HIC
BERC X 5REBREDHE LM B I-dIiL, BUEBEOFEOBA L BERLBEOFROE(LLAT LS
R T, BRINER LU e USREMEUN OIREDHR 2 RD 5 2 LITTER,
£2C, BEROEERLOEELYRETHHELLT, 2¥OERYTL -7,

4 BERABCLIREENMBREACIIRNBOLE

HEERLIC X 2RIREOE(L Table 2 WRT X351, BEREAVNIWHELRREWH LD, Filh
RBRECHIVNZIVF L DR EFHTIF L, 7ok 21E, A 50ke, HF7 500W Tik, #1doik
A 23°C 7257 DA, 305HIIE 47°C Lo, fe DAL, FURBERTH I 400W i ishid,
40°C kg b, 300W Tik 34°C r7c%, FREENS 200ke, 400ke, 1,000ke & kX7 5BrRAUMAT
B LIEWIIRE R D7 < 7 b, 1,000ke, 500W TiX304p4 T 30°C 2 TLA LB LD,

2T, HRBH MACHIET 2 BUEOREOHE D, HERMATHOBKE, BHL L LE WK
BESEAL TP OLAT LS, BETHKENAL TREYE(IE, 57 v ERORINEY His

LThlz, 20X ENEOBREEY SOEERELRT A0, - o CMAREL S,

COEBEORFEHNIITEH S 500W T, FRBKILCAE LT v v B (&KERY15%) ORERO
BIEE, ZTOLEDOKBEILEFL L5 LA MBBEDOKER L ¥ HBL TH 5 &, Table 3, Fig. 3
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Table 2. #EFPME X 5KOBEE
Change of water temperatyre at different dipping pericds and
) supersonic waves with varying power
AR Hon # % W [ Dipping pericd (min.)
Frequency Power 0 6 12 18 30
300W 23°C 24°C 27°C 29°C 34°C
50 ke 400 23 27 31 34 40
500 23 35 38 42 47
300 21 23 25 27 31
200 400 21 24 26 29 34
500 21 24 28 32 39
300 21 23 24 26 30
400 400 21 24 26 30 36
500 21 24 27 30 37
300 21 21 23 24 26
1,000 400 21 22 24 26 29
500 21 22 24 27 30
Table 3. HWEFKFEE (SSW) & h#@E (HD) & oRIREDHE:
Ccmpariscn of retentions cbtained between dipping with supersonic waves (SSW)
and hot-dipping without superscnic waves (HD)
B ¥ % P&itig 6 minutes 30 minutes
Frequency gﬁﬁg method Top Middle Bottom Top Middle Bottom
SSW kg/m? 50.0 91.8 142.3 138.8 150.0 184.0
50 ke HD kg/m? 90.6 105.0 113.2 125.8 133.6 138.7
SSW/HD (0.55) (0.87) (1.26) (1.10) (1.12) (1.33)
SSW kg/m? 52.3 44.5 69.3 90.5 84.5 134.2
200 HD Lkg/m? 47.4 39.7 51.6 86.3 80.7 103.5
SSW/HD (1.10) (1.12) (1.34) (1.05) (1.05) (1.30)
SSW kg/m? 43.8 44.1 73.1 66.8 86.9 115.8
400 HD kg/m? 35.0 38.0 37.3 64.2 72.3 71.8
SSW/HD (1.25) (1.16) (1.96) (1.04) (1.20) (1.61)
SSW kg/m? 52.0 59.1 89.7 108.3 122.7 172.8
1,000 HD kg/m? 60. 1 61.4 53.6 108.3 106.7 117.5
SSW/HD (0.86) (0.96). (1.67) (1.00) (1.15) (1.47)

Note ZBERHA Test piece: 10x10x0.4cm, 7 7 vV ¥#F Lauan veneer, 47K% m.c. 13~15%.
HBEFKDOH S Power of supersonic waves: 500 W,
BEW Dipping medium: JK water.
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RERFOMBENTOLDODLNLPMAREL VIXRNENLAE - TED, MOMEDD DL LA,
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Retentions on dipping with supersonic waves (SSW) and on hot-dipping (HD).
LREBRDHRIAD LI,

REOHF 500W THEERAEOBENED LN BHDIE, 20X 5K TOMBEDORBRL Tich biRE)
T bRRINBBEREISEICHICHRRA DA THD L5 2 2IL, ZOHSH TEERL T DX,
ARINENT, T LOFRRACEFFCHBELLBERL»EBLIL\ DT, BEROEEY ST
BBEYREINZEME, BEASHED 5 TVBORTEHDE WS Z LA EEINS, Fi, Table 1
WRL X ) CHEFRAE L FREBEOBRINEY LB L B, BHEOUETIRRI.2ETL Tk
D, L2bBEBRAONEBENTOSDODHRTHL, MOMEDIDOTE 1.6~2.1 OEERL TWcDI,
RE OV EREFOHEN S - 1ccd T, BEWOELEHR Clliedh ol w52 & A3 Table 3
DFERE KB THNERS 2 TH B,

EHRINLOBFREE LT B0, FA—BK (FKEMHLSY) © 30x30cm OFED D O
b, 10x10cm D<FEDOBME I E b, WSO 5> T Sy FREFNBEREE, MAEE,
HREECE VS TTAEL, SOROONED SHOFHEr TN ThRTL, Table 4 DrKHTH
b, TDHERTI, BEFREEC L 2BNEIRPIVMOBEEL DL Y, MRAREC X 2RINE:

Table 4. HWEFRRE (SSW), m#EE (HD) :#iREHE (CD) D305 HORINED HE
Retentions obtained in dipping with supersonic waves (SSW)
hot-dipping (HD) and cold-dipping (CD) after 30 minutes
El B Dipping method
) SSW/HD SSW/CD
Test piece SSW HD CD
175 ke/m? 127 kelm’® g1 ke/m’® 1.38 2.16
4 mm veneer
151 104 79 1.45 1.91
220 157 151 1.40 1.48
3 mm veneer
236 161 148 1.47 1.60

Note HEF D4 Condition of supersonic waves: 200 ke, 500 W.
HBH Test piece: 10x10cm, 5 7 V¥ Lauan veneer, £7K& m.c. 13~15%.
BEW Dipping medium: 7K water.
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DOHRIEX4mmBERETEH, 3SmmBKETY, KE 1.4~1.5 OfiL 75, Tk h, HREERL X BRIT
BrORBIILRAEL R, T3, TRHDZ EMLBERAEC X 288, RELAC X 2880
AT, BEEREDHREN S Z LIIFEI ThH S,

Table 5. HWERBE (SSW) 1 L 5300HOBINE X 1\
RINEH 5 HicdbOmERE (HD) O

Time required on hot-dipping (HD) to get the same absorption
on dipping with supersonic waves (SSW) for 30 minutes

A B K moE OBk ® & W M Dipping period hrs.
Test piece Dipping method 0.5 1 1.5 2 2.5
. . HD 130kg/m? 157 1 178 188 201
mm veneer
SSwW 1757
HD 150 178 206 212 236
3 mm veneer T
SSwW 220

Note #BEH DM Condition of supersonic waves: 200 ke, 500 W,
SBRH Test piece: 10x10cm, 7 V34K Lauan veneer, &7k® m.c. 13~15%
e Dipping medium: 7K water.

FOREDRE R BERECHNTARD L, Table5 DL 50 Th b, Tichb, BERMEC L »305E
2 bR E ST 5 NSRBI 351 2 RGN Y 4 mm BAAT T 1.5 Befdl, 3 mmBifR T 2 ~
2.5 BTl 5, 1o & ¢ SIMBABEC X > TRFMZPELARNE TLEFTR CAE TS, A—RIX
BT R INERE CET 5 BERKHO 1/5~1/3 ORHFTI W LiTied, 12, MEARELO
KRB ST O X 5 CRERBOEMH L W IBRE S - 2 ERHONE, TENIESHTHRL 20
ThBHH, 0L RERMTIALcEN L, 0MBRBLALL FI LD THRAB TELE WS T
A%, ERMFIRMES HHMT 5 LIEFR DD IRV E WS ik 5,

5, BERICLIIRAMBICETI2BEROEFHEOERST

BEROEEN S L AL TOMBORBA DXL bbb 23 2 & » b, BERONEE
, ThbbEEK (A) LW (B) *EXTERSHLAL) HETE, MOLBECHER % 2§
, TOMBORBRH KT HBERRE L PR OBRNED LR 2 AT, AMEC LY 5#EOH
B 5 THI,

BEguL 50ke, 200ke, 400ke, 1,000ke o 4 fff, HiJiE 300W, 400W, 500W o 34&#2l, 7
7 VRIS KERHBSE S 4mm, KEF X 10X10em D OEFNT, BOKDOEHITK N TZ LR
PRI E E FRE G T DB R X ARINE L ORED 5 b, BEERE 6 4 L 0N KT BERYR
+L Table 6 D) Thp, ZOFKRYACHEROAWE L MNOFHAHTHFTE 5 & Table 7
WETLRDDOERY 2o, = DN FIOERE CIRBERNM6 4> 2\ > SR AN Hhrdl
YDHEREC I\ TRKEROELNFETSH D, BEEM0SL VI BB, WELL5%0
HEKECBNTEEE It o1,

TRALORERENSEL DL, JABEEE 400ke ¥ 7213 1,000ke &\ S EWHASDHRYKE SHTH
D, MATARECHLHLHACBEREORFUIRE /Lo T B, 1F, UL 5 FERY S 5 —K
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Table 6. FEH L WAL EXCHEOBEFIRE L MBEE L OBRINED K
Ratio of absorption on dipping with supersonic waves (SSW) at different frequencies
and power to the retention on hot-dipping (HD)

B2 & B M 6 minutes 30 minutes
Povt\!jer \7,?, 300 400 500 300 400 500

FBH :
Frequency kc B, B, B, B, B, B,
50 A, 0.83 0.94 1.26 1.16 1.11 1.32
200 A, 1.40 1.23 1.33 1.21 1.34 1.29
400 A, 1.17 1.29 1.97 1.35 1.64 1.61
1000 A, 1.12 0.74 1.67 1.11 1.64 1.47

Table 7. Table 6 O\ CHEE RO HULL 2 7O A A

Analysis of variance for the frequencies (A) and the powers (B)
of supersonic waves obtained in Table 6.

=& Dipping period 6 minutes

Factor SS f M.S. F
‘BEH Frequency A 3575 3 1191 10.5 **
H 7 Power B 5956 2 2978 26.3 **
e 679 6 113
Total 10210 11
EiERE] Dipping period 30 minutes.
Factor SS f M.S. F
JE¥% Frequency A 1955 3 652 6.3 *
H 47 Power B 1293 2 647 6.2 *
e - 619 6 - 103
Total 3867 11

*5%, ** 1% level of significance.

fDORBRA T VEBL ChilebiE, £OHROMIL S00W LAz A & 1REL < b, ARKTR
1,000ke 2 bARE <o TW 5B, LA L, BERHORNEDHENEDERL Table 3 KRFT X5
TR ERE LTIV DT, B 1ROERER CHABRED BV HMMBERRSAE CERAL LTS, 2
[0 H DEE E BILE O MEHE R RANCHEL Ta s, BEROBRIEZRE EAE BRI AED
DRV EWIHR LGB LR, 7o, Ebbhi i 400ke 7ok 1,000 ke DFHBRIIK
EFl, FRHNCOCTRE LE, 52EOEBREERE b LI KEWHERERDRL L DI 5D
H\ohTh B,

6. BBEIZRRZRVTEBTRICLZIREEMBRA
EITR - IHEORINE O HE

BEROFBOMRIER SN HEROUEIC L » THBECRLSY Lubh T 30T, BEHIDK
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Table 8. HBYIHMABE LA CABERRE (SSW) 2 @@ (HD) r ORINEDHE
Comparison of retentions obtained between dipping with supersonic waves in various preservative
solutions and hot-dipping in the same solutions without supersonic waves

B B B B K B E B 4 mm veneer 5 mm plywood
Dipping
Preservative solution method 5 min. 30 min. 5 min. 30 min.
SSwW 97kg/m® 164kg/m?® 27kg/m?® 47kg/m®
Wolman salt 2% water solution HD 109 127 29 45
SSW/HD (0.89) (1.29) (0.93) (1.04)
B 4 SSW 54 94 21 42
oron compound 25% water
solution ° HD 45 81 20 33
SSW/HD | (1.20) (1.16) (1.05) (1.27)
SSW 57 82 30 42
PCP 2% fuel solution HD 55 62 26 34
SSW/HD (1.03) (1.32) (1.15) (1.24)
SSW 52 72 22 29
Creosote oil HD 61 67 20 24
SSW/HD | (0.85) (1.08) (1.10) (1.21)

Note ZRERH Test piece: diameter 10cm, 5 7 v lauan, 47K® m.c. 13~15%.
FBEPF DFMH Condition of supersonic waves: 200 ke, 500 W.
R WE DR h 7 7 ABRICAN, MEBENCEE Ry b T TRELTE » TR, MENTAE S
Wiy, BEOWE DDA Table 8 R34 X 5 REDHRIZIKD A THL o LFHFLHNT, WFhd
INEL e 5TV D, ZOBREDRINERHEIN TIERAPILIZ L A BRI,

Tt ¥ v

BERC X 52RELE L iR E LR E : OMORIRES e L 1R, BERECHRIRE L
AHRUNC S ERCHFET D2 L2 8Hh 270, BEREDLDOBERDOUBRACTOWTUL, &
BREL VI DOYPEHCT L LR TELL PR ED, FORMOBEREA U X 5, HrkE
VB EBRPKRELS LN BZEDBEL I 5T, B, FRAFRC L BBREY N THRIERTIT
INERFE & D BB RS W TURE WA RR 55 X 5 Th » 7ch’, RINEDHHE DV TR R
ZARLAEEVREDLNILLD T, EEMHHRCS W UIHNR RS EBY L2\ L) Th b,

FHT 5 DRIRS N B HERIAMC B 12 > T, WOBBELIEHE 3¢ HIEE, FRICHT BRETE
OO RBRACSVMELL 2L Rt v, RV BERIKOBEIORET, 2K EERCE
A, 2KEABIEEROEEVIERCTHTI L RIER .,

EBEVBRBLRET HREL, WEETRALHLIRKINTELY, TLIOEREV-THHL
DT DB LIETERD 128, AMCETBEEOBEDOERPER I L 1bELZ DL, BEROHE
WEVIUBCHRTHIERBAR (F+r €7 - 2 v) OFENY, BEROBIEMERAK X 5KRMH
LOEGOPFHRIEL V5 Z e AEZBR B, WTHL Th, AMTAOEROBBEMOMII L\
R BB S B I T B, ’ |

PAED 35 fefsshn 2 1ohs, ERAESRASREL TA2 L, BURCIFIRIGEL S B0, &5 miE
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Research on Wood Preserving Treatment (11)
" Effect of dipping with supersonic waves on the treatment of wood

Shoji AMEMiYA and Felino R. SiriBan*®

© '(Résumé)

Reccgnizing the problems attendant to the preservative treatment of most refractory wood:

species and wood products, this basic research on the mechanism of the penetration of liquids into

wood was conducted. This experiment was designed to determine the possibility of accelerating the-

penetration of liquids into wood by supersonic waves ranging from 50 to 1000 kilocycles per second.

Accordingly, this system of treatment, although in the experimental stage, has been successfully-

used in Russia in the treatment.of leather and found similar application to wood. If perfected, this
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»process could be considered as a significant breakthrough in the field of wood preservation which
-can be integrated profitably in plywood plants for the treatment of veneers and plywood made from
refractory species and also for preserving delicate woodworks.

The sonic amplifier used in this study has a frequency range adoptable for oscillators with
=rated capacities from 28 kilocycles to 1000 kilocycles that can be operated to a maximum power
_input of 500 watts. Four oscillators made of barium titanate individually rated at 50kc, 200 ke,
- 400 ke, and 1000 ke were used. Except for the 50 kc oscillator which has an effective area of
"15x20cm  sq., the other oscillators have a diameter of 10 cm.

The specimens (3mm and 4 mm thick veneer) used were obtained from rotary cut veneer of
-Almon (Shorea almon Foxw.) sold in Japan as lauan. Also included were 4 mm and 5 mm plywood
-made from the same bolt and same position. All specimens were conditioned in a controlled humi-
-dity room prior to testing at 75% RH, 20°C, and 13~15% M.C.

Investigation consisted of the following series of runs: dipping with supersonic waves and
--cold-dipping without supersonic waves; dipping with supersonic waves and hot-dipping without
. supersonic waves; and dipping with supersonic waves and hot-dipping without superéonic waves,

using water and preservative solutions (water, creosote, Wolman salt, and boron compound) as the
-sonar media. The test pieces in all test runs were arranged as shown in Fig. 1.

Results of the preceeding tests indicated the following :

1. Dipping with supersonic waves and cold-dipping without supersonic waves :

In this series of test each run consisted of 3 specimens. The specimens were obtained from
s six pieces of 30X 30X 0.4 cm Lauan veneers. Each sheet were further cut into 9 pieces of 10x 10
-cm sq. The resulting test pieces were divided into two groups. One group was used for dipping
-with supersonic waves and the other for cold-dipping. The frequency of supersonic waves applied
- were 50 ke, 200kc, 400kc, and 1000 kc energized at a constant power of 400 watts. Shown

in Fig. 2 are the rate of change of the retention of the pieces located on the top, middle, and
bottom positions. The comparative ratios between the retention on dipping with supersonic waves
.and cold-dipping at 6 and 36 minutes in each specimen position are shown in Table 1.
From the results obtained, no substantial difference was noted in retention between the pieces
treated {or six minutes by dipping with supersonic waves in all frequencies and that on cold-dipping
for the same period. However, the effect of dipping with supersonic waves for 36 minutes was
-more evident in the retentions of the test pieces situated in the bottom and middle position com-
pared to those specimens used in cold-dipping treatment.

It was noted, that the temperature of the dipping medium and the temperature of the speci-
-mens in the bottom position gradually increased as the dipping periods with supersonic waves was

increased. The corresponding change in temperature are shown in Table 2. Because of the incre-
. asing temperature it can be regarded that the increase in retention on dipping with supersonic waves
- directly depended on supersonic waves but indirectly due to the increase in the temperature of the
water.

2. Dipping with supersonic waves and hot-dipping without supersonic waves.

In order to segregate the effect of temperature froﬁ the effect of supersonic waves on absorp-

tion the following experiment was carried out. V

Specimens used consisted of ten veneers 0.4X30x30cm in size which were cut into 9 pieces

«of 10x10cm sq. Three pieces cut from the same fiber direction were used for each dipping

; process.
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To simulate the change of temperature due to the effect of supersonic waves, the temperature-
of the water on hot-dipping was gradually increased as the dipping period progresses. Adjustment
of the temperature was made according to the change in temperature for each frequency and power-
as shown in Table 2.

Results obtained are shown in Table 3 and graphically compared in Figure 3. From these-
results, the retention of the pieces located at the bottom position that were subjected to supersonic -
waves of different frequencies were slightly greater than those pieces hot-dipped both in the short
(6 minutes) and long (30 minutes) periods of dipping. No appreciable difference in retentions was -
noted on the effect of supersonic waves for the specimens located on the top and middle positions.

This result indicates that only the pieces nearest the vibrator which is immediately traversed:
by supersonic waves accelerated the penetration of the specimen with water.

3. Dipping with supersonic waves, hot-dipping and cold-dipping for 30 minutes at 200 kc and..
500 watts.

Test specimens consisted of 0.4x30x 30 cm veneer cut into 9 pieces of 10x10cm sq. The-
three pieces cut on the same fiber direction were used for dipping with supersonic waves, cold-
dipping and hot-dipping without supersonic waves. Retentions obtained in each dipping process are-
shown in Table 4. Presented in Table 5 is the time required on hot-dipping to get the same-
absorption on dipping with supersonic waves for 30 minutes.

Except for the effect of temperature the results in Table 3, 4, and 5 clearly recognized the-
effect of supersonic waves in accelerating the penetration of a solution into wood.

4. Analysis of the treating conditions of supersonic waves that affected the retention of the-

test pieces.
Frequency levels (50, 200, 400, and 1000 kc) and intensity of power (300, 400, and 500 watts)-

were the two supersonic wave factors considered. Shown in Table 6 are the ratios of retention
between dipping with supersonic waves and hot-dipping at the various frequencies and powers..
Table 7 shows the analysis of variance for the computed values in Table 6. Results of analysis
show that the effect of power and frequency on retention is highly significant in the 6 minutes.
dipping although the effect of power on retention is more evident than on the frequencies applied.

Retentions obtained in dipping with supersonic waves is conducted with the various powers for -
30 minutes was significant at 5% level. Hence, no substantial advantage is gained by increasing.
the dipping period to 30 minutes.

Results of tests are shown in Table 8. For the same conditions of tests, the gain in retention .
was less on dipping with supersonic waves in the preservative solutions than on in water dipping -
with supersonic waves. This is due to the difference in sonic conductivity or specific heat among
the sonar medium used.

In conclusion, it was recognized that the supersonic waves applied, accelerated the penetration .
of solutions into wood, but the increase in retention was rather small. So it is suggested that this -
method is not available practically yet.

Dipping with supersonic waves in water is more effective than any of the preservative solu- -
tions used. Likewise, the influence of supersonic waves was more effective on the test piece nearest
the vibrator. Hence, further study be conducted to determine the optimum distance between the-

specimens and the vibrator to avail the effective range of the supersonic waves.



