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A comparison of surface hardness and microstructural characteristics
between a type IV stone with and without die hardening treatment,
and a polyurethane resin die material
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[Abstract]

Purpose: This study compared the surface hardness (Vickers) and microstructural characteristics between a type
IV stone with and without die hardening treatment, a polyurethane die material.

Methods: Materials used were a type IV stone(MG Crystal Rock), two die hardeners (Hardening bath, Epox-it),
and a polyurethane resin material(Polyluck). Six specimens per group were prepared according to manufacturer’s
directions. The prepared specimens were tested by means of hardness test, one-way ANOVA analysis, scanning
electron microscopic(SEM) observations and energy dispersive spectroscopic(EDS) analysis.

Results: In the hardness test and its statistical analysis, there was no significant difference in the surface hardness
between a type IV stone and type IV stone with die hardener coating, type IV stone mixed with an epoxy like
material instead of water. In contrast, polyurethane resin material exhibited significantly greater surface hardness
than other specimen groups (p<0.05).

Conclusion: By considering the results of the hardness test, SEM observations and EDS analysis, although the die
hardeners on type IV stone did not show remarkable improvement in surface hardness, the die hardener coating on
the surface of type IV stone material did show decrease of microporous and improvement of surface defects.

©Key words : Gypsum products; Die stone; Surface hardness; EDS Analysis; Polyurethane resin material
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Table 1. Characteristics of the groups and materials tested in this study

Code Description

Products(Company) Main ingredients

DS die stoneltype IV stone)

MG Crystal Rock (Maruishi Gypsum Co.)

gypsum

DSH die stone coated with die hardener

Hardening bath(Renfert)

resin solution

DSE die stone mixed with epoxy like solution

Epox-it(chite, Inc.)

liquid polymer

PU  polyurethane resin

Polyluck(Metalor)

isocyanate, polyol
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o] Bt FUR == 50.64, 1E]aL Ee)-dek A= A
A A EZ(PUD) Y Bt FHEEe 58. 7700
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Table 2. Mean and standard deviation of Vickers hardness values (VHN) of groups

*

mean SD min max
die stone(DS)’ 48.36° 2.68 44.66 51.30
die stone coated with die hardener(DSH) 52.25° 2.46 49,22 55.50
die stone mixed with epoxy like solution(DSE) 50.64° 2.29 4712 52.98
polyurethane resin(PU) 58.7° 3.13 56.62 64.28
+ Control group
*Significantly differentione—way ANOVA, p¢0.05).
Within mean values column, values marked with different letter were significantly different between the groups
Table 3. One—way ANOVA results of Vickers hardness of groups
sum of squares df mean squares F value p value
inter—group 229.752 3 99.917 14.151 .000
intra—group 112.973 16 7.016
sum 412.725 19

230 _tHotx 37| 28t x|



G FEEDEEEDENEFEREEEEDEE EEREE EEE PO R N

Folgjgo] 9 = AT 2 252 ==
4709} Al AR A o= vlas] B DS AHY} DSE
AJH 18] PU AJHONA = wAgE o] 27 e
wteh ok PU AJHof| ebd ojAlg o e 4Rt
59| 719} mefo] ufg- Ef2lsto] tha/d o) FEl A4
o9 EF2eE WS Hof S2aL Qi) ofof| Bl o

AR S DSH e oAt ol
HaE BHE Hol Foltt
(Table 495 AR 3% Al 2 4219
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Aol PaEre= YA H|(at. %2 HPS o] A(0), B
2(0), ), ZERK), Z4Ca)2 oz FAE Qe
], DSHAIH(DSH-b £-9))& o]& 4 9o = F4(SD)
7} E2FrE o] glglom, thE H4o ke & BispL ¢l
oLt DS AlHo| Hlsﬁ g9 Fhgo] F7Fsteich. DSE

+(C

AFHOAIE AF2(0), 3HE), 24 (Ca), B4(C) 2] o}
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o Z4r2] Fhepo] Z7MEIQLT Bhao] Gk sl
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Fig. 1. SEM photographs comparison of the surfaces of Type IV stone(DS), Type IV stone with die hardener
coating(DSH), Type IV stone mixed with epoxy resin solution(DSE), and die polyurethane resin(PU) specimen.,
The area marked by an arrow was analyzed using EDS detection
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1. HAZT Hiul ﬁ%ﬂ%&ﬂqﬂﬁﬁﬂﬁﬂzlﬂ%mewa%-
A3 RHE AL oa) AR EE AFdie)Ee] Y (20032 V& ZAate] A A3 E =23t 79of 1
2 Z27WA7)7] Y8, AA o] Aw); upr AL A o2 AFEY npRARo] FUIRE AoR Hius)
A8 8t el o) thekst AejupEo] o e, Fan 51981 A @S =23t 45 ¥
TE| 3 A Q) 0w AMEE] o] gt e 58] AAEA gstoy #HART = Has
1 oo AwA &) AlsE By w2Et RS skt oo ye-s aeeE B Ve
2 7R3 B4 EAZS VE A 7He AL Azlet X110 Al E gt Adato] EHAE| 9lo] thER
AHol| X FASAE =xeAHDSHY), V& |38 I FAHSE {3t Atol= GIAAINE Hut/de] F7t
AR AlEE A o) & o4l ol FA] =214 & TR, EH AR A, A& B £AFo] 7has) 7+
o7 33813t AJHA(DSER)0] thx2ol Va AL 7 = A FFo] A= AleE UEHT oleh= gy
Aauzgr AZE AFEDOSHel Hla] FHA LT =3 ZEeEet A AFAY B BAEet A2 o] Hslo
oko o olu|l= Zo|t}. o|#3t AT AFAAE = st v A+ Derriend}t Sturtz, 1995+ Ao 3F
E3F AR Zo] 1A 9ke A TA|E| H|F] EHAE A= W A7F A9 flle 2 AtolA= &1
7} =4 43 AAISE Fan 5(1981), Harris 5-(2004), Sk A APA7E =t 2 s A2 ohe AE
He 5201009 A-ATel zfo|7p glom Z=x7h ghg 2ol HIs] G904 QA & FUAEE 7L = A
¥ A 3AEo] V& AIA|Eo] B3 ulrAEFAo] =3 O Yehgth phTE B 2441 Blalo A drgst
k8-S Hh#3 Duke 5(2000)%} Lindquist 5(2002)2] WA Z2]9-H e -NH-7]2} ~CO-7|7te] =A%
Ao} %A}s} . Duke $5(2000)z} Kim 5(2007)2] U7} ot A E, e A A7kaAdaA7t
oJLo] oJshd kAol V& AA T} g 714 A= = 548 7L Sl ARl SollA] A=dt viet
Sk Ag<to] i) 511101 FAAET} =2 oz eyt o] AL+ WS B7kshe s a40]7]
t}. Kim 52007} o|gjst ¥loz Awx =4 A] mjut  Wzo] AFAH=7} 7HAoF & 7] E24Q aARES 7
< P 9 A F AR A Q] A= EHE) AdE ekl & of Eefede A AFA7F S5l
S 7MsAS FASYTE 3 Sakaguchi®t Powers AR 7R 7} Qlerke A QUL S Ao R
(2012)= XS AFAIA AR A3Le] 79 mh A 23l
P ST EHF=7F ARt B9 Qlomn o
Table 4. EDS results of the elemental analysis of the specimens at the regions marked in Fig. 1
region(at.%) Ca S 0 C K Si Sb Al T
DS-a 777 15.11 4976 1763 973 - - - -
DSH-b 5.87 1349 4622 2494 8.28 1.21 - - -
DSE—c 1472 1579  60.30 756 - - 1.62 - -
PU-d - - 1752 4721 - - - 29.77 5.49
PU-d - 114 2086 7532 - - - 267 -

— The elements were not detected
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