
Our product
	3D Cer-Paste ZRP
Sinters to around 90+% density at 1500 C in air atmosphere and can go to full density <=1600 C.  Its thermal shock resistance is excellent, surviving eight cycles of being heated rapidly to 800 C and, after equilibrating there, being quenched into water and quickly reheated back to 800 C etc.   Due to this remarkable behavior, it was believed that ZRP composition must have very low thermal expansion.  Since parts can be glued with our Vitragard FS that was designed for fused silica parts, the possibility of ZRP having expansion comparable to fused silica was considered.

In order to make bars that could be machined into test pieces for measuring the thermal expansion, a RefClay ZRP see our RefClay https://www.zypcoatings.com/special-coatings-glue/refclay/ products composition was made such that dense cast-and-fired pieces resulted [fired at 1400 C, 0.5 hr].

The dense ZRP bars were sent to Orton for thermal expansion testing, with the reports here:






For the ZRP composition, the CTE (20-1000 C) is 0.55 x 10-6/C which compares with 0.54 x 10-6/C from 20-1000 C for fused silica.  And fused silica is limited in upper use temperature to about 1100 C due to its devitrification, whereas ZRP is usable to 1500 C.
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New Near-Zero Thermal Expansion [NZTE], Highly Thermal Shock Resistant Refractory
Single-Phase Zirconium Phosphate

Figure 1. 3D printed parts (left) and press-formed pieces (right) after sintering at 1400°C for two hours.

Materials with near-zero thermal expansion [NZTE] have been of interest to researchers and
industry for decades. Fused silica, B—eucryptite and B—spodumene, and cordierite are examples
of silicates that have been found with low coefficients of thermal expansion (CTE). Unique
negative thermal expansion (NTE)" or thermally contracting phases have been found, including
phosphates and tungstates?.

The phosphate materials in particular have been of interest recently. NASICON?® and alkali oxide
‘doped’ zirconium phosphate such as sodium zirconium phosphate (NZP) are examples of
modified phosphates that have led to negative or low CTE materials. Zirconium phosphate
modified with barium and strontium reportedly* has low expansion and is usable to 1500°C.
Other NZP type phases with NZTE are also reported®.

Finding a simple, single-phase composition that exhibits CTE close to fused silica has been a
persistent goal. The low CTE would allow enhanced thermal shock resistance as fabricated
components are heated and cooled rapidly over an extended temperature range, since the
thermal stress will be minimized.

Our studies have involved alkali-free modifications of zirconium phosphate. Sintered alkali-free
zirconium phosphate displays good refractoriness as a single phase composition. That the





mixture results in a single phase was confirmed through the use of both X-ray diffraction and
scanning electron microscopy with energy dispersive spectroscopy.
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Figure 2. X-ray diffraction pattern for RefClay ZRP after sintering at 1400°C for 30 minutes in air. The
monoclinic Zr(PO4)s reference peaks (COD# 96-901-2851) are shown beneath the pattern.

The results of this extended investigation have led to the development of two unique products
from ZYP Coatings:

o 3D Cer-Paste ZRP, a solventborne ceramic paste specially made for 3D printing
(additive manufacturing) in extrusion-based paste deposition modeling (PDM) 3D
printers. The formed parts are sintered at 1400-1500°C in air, and can be used up to the
sintering temperature. 3D printed parts made from 3D Cer-Paste ZRP sintered to full
density were subjected to strenuous thermal shock testing, from 800°C in air to a water
quench. The parts were subjected to 15 cycles with no observable change or
deterioration.

o RefClay ZRP, water-based claylike material that is readily press formed or molded by
clay-forming techniques into parts that can be sintered to near-full-density at 1400°C and
also usable to 1500°C. The RefClay version was used to cast bars that were sintered at
1400°C for 2 hour to full density. The sintered bars were then used for measuring the
thermal expansion of this new material. The CTE, measured from room temperature to
1000°C, was 0.4 x 10%/°C, which compares favorably to fused silica at 0.5 x 10°/°C. It
should be noted that the density of the sintered parts is low — 2.75 g/cm?® — and thus can
be considered for aerospace applications.
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Figure 3. Dilatometry results from RefClay ZRP after sintering at 1400°C for 30 minutes in air.

The combination of NZTE and refractoriness of these single-phase zirconium phosphate
ceramics is phenomenal, extending the range of usefulness of NZTE materials to 1500°C. The
3D Cer-Paste ZRP and RefClay ZRP products allow easy production of parts of most any
shape/configuration.
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Orton Dilatometer

Data Analysis Tabular Report

ID#: ZYP Coatings Run Date: 9/16/2022

Sample Name: ZRP Run Time: 8:29 AM

Operator: File Name: 124665

Sample Length: 2.000 in Safty Shut-Off: 2.50%
Atmosphere: Shut-Off Range(Deg C): 700-1000
Temp. Range(Deg C): 25-1000

Remarks:

Firing Schedule

Rate Temp Time

(C/Min) (deg C) (min)

1.00 1000 0

1.00 30 0

Temp Time PLC Alpha CTE DCE
(deg C) (min) (1E-6in/inC) (1E-6in/inC)
24 0.00 0.0000

40 16.02 0.0006 0.21 0.13
50 25.02 0.0007 0.17 0.29
60 35.02 0.0011 0.25 0.46
70 45.02 0.0016 0.30 0.56
80 55.02 0.0023 0.37 0.52
90 65.02 0.0026 0.37 0.52
100 75.02 0.0033 0.41 0.60
110 85.02 0.0039 0.42 0.57
120 95.02 0.0044 0.44 0.61
130 105.02 0.0051 0.46 0.56
140 115.02 0.0056 0.46 0.56
150 125.02 0.0062 0.47 0.50
160 135.02 0.0065 0.47 0.60
170 145.02 0.0074 0.49 0.53
180 155.02 0.0076 0.47 0.50
190 165.02 0.0084 0.49 0.47
200 175.02 0.0085 0.47 0.55
210 185.02 0.0095 0.50 0.62
220 195.02 0.0098 0.49 0.56
230 205.02 0.0106 0.50 0.58
240 215.02 0.0109 0.50 0.54
250 225.02 0.0117 0.51 0.63
260 235.02 0.0122 0.51 0.64

270 245.02 0.0130 0.52 0.66





Temp
(deg C)
280
290
300
310
320
330
340
350
360
370
380
390
400
410
420
430
440
450
460
470
480
490
500
510
520
530
540
550
559
570
580
590
600
610
620
630
640
650
660
670
680
690
700

Time

(min)

255.02
265.02
275.02
285.02
295.02
305.02
315.02
325.02
335.02
345.02
355.02
365.02
375.02
385.02
395.02
405.02
415.02
425.02
435.02
445.02
455.02
465.02
475.02
485.02
495.02
505.02
515.02
525.02
534.02
545.02
555.02
565.02
575.02
585.02
595.02
605.02
615.02
625.02
636.02
645.02
655.02
665.02
675.02

Orton Dilatometer

PLC

0.0135
0.0141
0.0148
0.0153
0.0159
0.0165
0.0173
0.0176
0.0184
0.0188
0.0195
0.0200
0.0207
0.0211
0.0218
0.0221
0.0229
0.0232
0.0238
0.0241
0.0246
0.0249
0.0257
0.0261
0.0264
0.0268
0.0272
0.0279
0.0280
0.0286
0.0289
0.0295
0.0297
0.0303
0.0304
0.0311
0.0312
0.0318
0.0320
0.0325
0.0327
0.0331
0.0334

Alpha CTE
(1E-6in/inC)
0.52
0.52
0.53
0.53
0.53
0.53
0.54
0.53
0.54
0.54
0.54
0.54
0.55
0.54
0.55
0.54
0.54
0.54
0.54
0.54
0.54
0.53
0.53
0.53
0.53
0.53
0.52
0.53
0.52
0.52
0.52
0.52
0.51
0.51
0.51
0.51
0.50
0.51
0.50
0.50
0.50
0.49
0.49

DCE
(1E-6in/inC)
0.59
0.63
0.59
0.58
0.61
0.67
0.52
0.56
0.59
0.58
0.60
0.58
0.55
0.57
0.53
0.51
0.52
0.49
0.46
0.38
0.41
0.52
0.58
0.36
0.39
0.44
0.50
0.40
0.38
0.40
0.46
0.43
0.38
0.37
0.40
0.40
0.38
0.38
0.34
0.35
0.30
0.34
0.35





Temp
(deg C)
710
720
730
740
750
760
770
780
790
800
810
820
830
840
850
860
870
880
890
900
910
920
930
940
950
960
970
980
990
1000
1000
990
980
970
960
950
940
930
920
910
900
890
880

Time
(min)
685.02
696.02
706.02
716.02
726.02
736.02
746.02
756.02
766.02
776.02
786.02
796.02
806.02
816.02
826.02
836.02
846.02
856.02
866.02
876.02
886.02
896.02
906.02
916.02
926.02
936.02
946.02
956.02
966.02
976.02
976.02
987.02
997.02
1007.02
1016.02
1026.02
1036.02
1046.02
1056.02
1066.02
1076.02
1086.02
1096.02

Orton Dilatometer

PLC

0.0338
0.0341
0.0347
0.0350
0.0353
0.0355
0.0358
0.0362
0.0366
0.0370
0.0373
0.0377
0.0379
0.0384
0.0385
0.0390
0.0391
0.0395
0.0395
0.0400
0.0402
0.0406
0.0406
0.0410
0.0411
0.0417
0.0417
0.0421
0.0423
0.0424
0.0424
0.0423
0.0423
0.0419
0.0419
0.0415
0.0413
0.0409
0.0408
0.0405
0.0403
0.0398
0.0396

Alpha CTE
(1E-6in/inC)
0.49
0.49
0.49
0.49
0.48
0.48
0.48
0.48
0.47
0.47
0.47
0.47
0.47
0.47
0.46
0.46
0.46
0.46
0.45
0.45
0.45
0.45
0.45
0.45
0.44
0.44
0.44
0.44
0.44

0.44
0.44
0.44
0.45
0.45
0.45
0.45
0.45
0.46
0.46
0.46
0.46

DCE
(1E-6in/inC)
0.34
0.39
0.44
0.34
0.27
0.26
0.36
0.37
0.39
0.36
0.38
0.32
0.34
0.26
0.29
0.32
0.25
0.19
0.25
0.34
0.30
0.22
0.22
0.25
0.32
0.32
0.24
0.26
0.14

0.04
0.18
0.22
0.22
0.31
0.29
0.25
0.20
0.25
0.35
0.36
0.26





Temp
(deg C)
870
860
850
841
830
820
810
800
790
780
770
760
750
740
730
720
710
700
690
680
670
660
650
640
630
620
610
600
590
580
570
560
550
540
530
521
510
500
490
480
470
460
450

Time

(min)

1106.02
1116.02
1126.02
1135.02
1146.02
1156.02
1166.02
1176.02
1186.02
1196.02
1206.02
1216.02
1226.02
1236.02
1246.02
1256.02
1266.02
1276.02
1286.02
1296.02
1306.02
1316.02
1326.02
1336.02
1346.02
1356.02
1366.02
1376.02
1386.02
1395.02
1406.02
1416.02
1426.02
1436.02
1446.02
1454.02
1465.02
1475.02
1485.02
1495.02
1505.02
1515.02
1525.02

Orton Dilatometer

PLC

0.0393
0.0392
0.0389
0.0387
0.0384
0.0381
0.0378
0.0375
0.0369
0.0368
0.0364
0.0361
0.0358
0.0356
0.0352
0.0348
0.0344
0.0342
0.0339
0.0335
0.0332
0.0329
0.0325
0.0320
0.0318
0.0313
0.0309
0.0305
0.0303
0.0298
0.0294
0.0290
0.0287
0.0282
0.0277
0.0273
0.0270
0.0265
0.0260
0.0256
0.0252
0.0248
0.0244

Alpha CTE
(1E-6in/inC)
0.46
0.47
0.47
0.47
0.47
0.48
0.48
0.48
0.48
0.48
0.48
0.49
0.49
0.49
0.50
0.50
0.50
0.50
0.51
0.51
0.51
0.51
0.52
0.52
0.52
0.52
0.52
0.53
0.53
0.53
0.54
0.54
0.54
0.54
0.54
0.55
0.55
0.55
0.55
0.56
0.56
0.56
0.57

DCE
(1E-6in/inC)
0.17
0.23
0.26
0.25
0.29
0.28
0.32
0.43
0.35
0.28
0.34
0.28
0.24
0.31
0.39
0.37
0.30
0.29
0.36
0.34
0.30
0.35
0.42
0.35
0.38
0.42
0.39
0.32
0.35
0.42
0.40
0.36
0.42
0.49
0.46
0.42
0.40
0.49
0.47
0.41
0.38
0.38
0.47





Temp
(deg C)
440
431
420
410
400
390
380
370
360
350
340
330
320
310
300
290
280
270
260
250
240
230
220
210
200
190
180
170
160
150
140
130
120
110
100
90
80
70
60
50
40

Time

(min)

1535.02
1545.02
1555.02
1565.02
1575.02
1585.02
1595.02
1605.02
1615.02
1625.02
1635.02
1645.02
1655.02
1665.02
1675.02
1685.02
1695.02
1705.02
1715.02
1725.02
1735.02
1745.02
1755.02
1765.02
1775.02
1785.02
1795.02
1805.02
1815.02
1825.02
1835.02
1845.02
1855.02
1866.02
1880.02
1896.02
1913.02
1936.02
1966.02
2007.02
2064.02

Orton Dilatometer

PLC

0.0239
0.0233
0.0229
0.0225
0.0218
0.0213
0.0207
0.0201
0.0195
0.0189
0.0184
0.0177
0.0171
0.0165
0.0160
0.0154
0.0148
0.0142
0.0137
0.0130
0.0126
0.0119
0.0115
0.0109
0.0102
0.0097
0.0092
0.0087
0.0082
0.0077
0.0071
0.0066
0.0061
0.0055
0.0051
0.0044
0.0041
0.0034
0.0031
0.0022
0.0015

Alpha CTE
(1E-6in/inC)
0.57
0.57
0.57
0.58
0.57
0.58
0.58
0.57
0.57
0.57
0.58
0.57
0.57
0.57
0.57
0.57
0.57
0.57
0.57
0.56
0.57
0.57
0.58
0.57
0.57
0.57
0.58
0.58
0.59
0.59
0.60
0.61
0.61
0.62
0.64
0.63
0.69
0.69
0.79
0.77

DCE
(1E-6in/inC)
0.54
0.50
0.44
0.54
0.56
0.55
0.62
0.62
0.61
0.55
0.56
0.64
0.62
0.56
0.55
0.56
0.57
0.60
0.63
0.56
0.55
0.52
0.50
0.64
0.57
0.52
0.51
0.50
0.51
0.53
0.53
0.53
0.56
0.50
0.57
0.50
0.49
0.52
0.59
0.77
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